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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Tuesday, 19 December 2017 11:04 AM
To: 'Andrew Coleman'
Subject: RE: tax policy modelling

Will do, thanks. I’ll send through a calendar appointment.  
 
From: Andrew Coleman   
Sent: Tuesday, 19 December 2017 10:36 a.m. 
To: Oscar Parkyn [TSY]  
Subject: RE: tax policy modelling 
 
How about Wednesday at 10am. Do you want to come up here? 
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

 www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

 

 

From: Oscar Parkyn [TSY] [mailto:Oscar.Parkyn@treasury.govt.nz]  
Sent: Tuesday, 19 December 2017 9:22 a.m. 
To: Andrew Coleman > 
Cc: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: RE: tax policy modelling 
 
Hi Andrew  
 
Thanks for your reply. Meeting on either Wednesday or Thursday morning would be good (except for Thursday 10-
11) – could you suggest a time that suits you? 
 
regards 
Oscar 
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From: Andrew Coleman [ ]  
Sent: Friday, 15 December 2017 6:01 p.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Cc: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: RE: tax policy modelling 
 
Hello Oscar 
 
Thanks for the email. Yes, I saw Andrew at the Reserve Bank conference on housing markets and debt. I hadn’t seen 
him for years – it was good to catch up. There weren’t that many other people from Treasury there. 
 
I will be in Wellington next week, it is my last week before heading down to Dunedin. I am fairly busy Monday and 
Tuesday, so possibly Wednesday morning. Thursday morning will also work. 
 
I hope the Tax Working Group will incorporate housing models into its analysis. It is fairly difficult to estimate the 
effects and incidence of different types of taxes unless you have a means of estimating the effect of tax on house 
prices, as Feldstein established a long time ago. I thought the Treasury and the IRD had developed models to do this. 
 
Regards 
Andrew 
 
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

 

 

From: Oscar Parkyn [TSY] [mailto:Oscar.Parkyn@treasury.govt.nz]  
Sent: Friday, 15 December 2017 4:59 p.m. 
To: Andrew Coleman < > 
Cc: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: tax policy modelling 
 
[UNCLASSIFIED] 
 
Hi Andrew 
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I hope this email finds you well. I believe you know Andrew Binning, who is copied in. 
 
With the Government establishing a Tax Working Group, we are thinking about potential research that could 
support analysis of tax policy. Particularly interested in modelling of the effect of taxation on housing and land 
markets, which is obviously an area that you have contributed a great deal. Would you be available for an informal 
chat about this? If you’re in Wellington and have the time, could meet up before Christmas or from Jan 3. 
 
regards 
Oscar 

CONFIDENTIALITY NOTICE 

 
The information in this email is confidential to the Treasury, intended only for the addressee(s), and may also be legally privileged. If you 
are not an intended addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 2733); 
b. any use, dissemination or copying of this email is strictly prohibited and may be unlawful.  
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Friday, 2 February 2018 11:50 AM
To: 'Andrew Coleman'
Subject: Collaboration for Tax Working Group

[UNCLASSIFIED] 
 
Hi Andrew 
 
This email attempts to summarise the outline of the proposal that we discussed this week (subject to contract being 
agreed): 

- Andrew Coleman would supply his OLG housing model (GAUSS code plus documentation) to Treasury in 
February.  

- Andrew Binning (Treasury’s Modelling and Research team) would develop his capability to use this model, 
and look at writing model in new coding language (either Matlab or Julia).  

- Andrew Coleman will be available from early March on a part time basis (eg, one day per week) when he is 
Wellington. This would be supporting Andrew Binning to understand and use the model. Andrew Coleman 
would charge with a daily rate.  

- Model would be used for analysing tax policy changes, including capital gains tax (excluding owner-occupied 
housing), land tax (excluding land with owner-occupied housing), and retirement saving incentives.  

- Expectation would be that a paper is produced in mid 2018 for TWG using this model to analyse tax policy 
changes. Paper primarily written by Andrew Binning, with co-authorship and expert input from Andrew 
Coleman. 

 
Hopefully this accords with your expectations (if not, let me know).  
 
Next steps are:  

- Andrew Coleman to provide Treasury with a proposed contract (grateful if we could receive this by 
Wednesday next week?). 

- Treasury to consider contact and get relevant approval from TWG. 
- Once contract is signed, Andrew Coleman provides model to Andrew Binning.  

 
Let me know if you have any further thoughts or questions. Otherwise, presume you will get back to us with 
contract shortly. 
 
Many thanks 
Oscar 
 
Oscar Parkyn | Principal Advisor, Macroeconomic and Fiscal Policy/Tax Strategy| The Treasury/Kaitohutohu 
Kaupapa Rawa 

 Oscar.Parkyn@treasury.govt.nz  

Follow the Treasury on Twitter: www.twitter.com/nztreasury  
 
CONFIDENTIALITY NOTICE 
The information in this email is confidential to the Treasury, intended only for the addressee(s), and may also be legally privileged. If you are not an intended 
addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 2733); 
b. any use, dissemination or copying of this email is strictly prohibited and may be unlawful.  
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Friday, 2 February 2018 5:15 PM
To: 'Andrew Coleman'
Subject: RE: Collaboration for Tax Working Group

Great, thanks Andrew.  
 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Friday, 2 February 2018 5:01 p.m. 
To: Oscar Parkyn [TSY]  
Subject: RE: Collaboration for Tax Working Group 
 
Thanks Oscar 
I have gotten this moving through the university and will aim to have it ready for Wednesday, after Waitangi Day. 
 
 
 
From: Oscar Parkyn [TSY] [mailto:Oscar.Parkyn@treasury.govt.nz]  
Sent: Friday, 2 February 2018 11:50 a.m. 
To: Andrew Coleman 
Subject: Collaboration for Tax Working Group 
 
[UNCLASSIFIED] 
 
Hi Andrew 
 
This email attempts to summarise the outline of the proposal that we discussed this week (subject to contract being 
agreed): 

- Andrew Coleman would supply his OLG housing model (GAUSS code plus documentation) to Treasury in 
February.  

- Andrew Binning (Treasury’s Modelling and Research team) would develop his capability to use this model, and 
look at writing model in new coding language (either Matlab or Julia).  

- Andrew Coleman will be available from early March on a part time basis (eg, one day per week) when he is 
Wellington. This would be supporting Andrew Binning to understand and use the model. Andrew Coleman 
would charge with a daily rate.  

- Model would be used for analysing tax policy changes, including capital gains tax (excluding owner-occupied 
housing), land tax (excluding land with owner-occupied housing), and retirement saving incentives.  

- Expectation would be that a paper is produced in mid 2018 for TWG using this model to analyse tax policy 
changes. Paper primarily written by Andrew Binning, with co-authorship and expert input from Andrew 
Coleman. 

 
Hopefully this accords with your expectations (if not, let me know).  
 
Next steps are:  

- Andrew Coleman to provide Treasury with a proposed contract (grateful if we could receive this by 
Wednesday next week?). 

- Treasury to consider contact and get relevant approval from TWG. 
- Once contract is signed, Andrew Coleman provides model to Andrew Binning.  

 
Let me know if you have any further thoughts or questions. Otherwise, presume you will get back to us with 
contract shortly. 
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Many thanks 
Oscar 
 
Oscar Parkyn | Principal Advisor, Macroeconomic and Fiscal Policy/Tax Strategy| The Treasury/Kaitohutohu 
Kaupapa Rawa 

 | Oscar.Parkyn@treasury.govt.nz  

Follow the Treasury on Twitter: www.twitter.com/nztreasury  
 
CONFIDENTIALITY NOTICE 
The information in this email is confidential to the Treasury, intended only for the addressee(s), and may also be legally privileged. If you are not an intended 
addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 2733); 
b. any use, dissemination or copying of this email is strictly prohibited and may be unlawful.  
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Wednesday, 7 March 2018 12:40 PM
To: 'Andrew Coleman'
Cc: Andrew Binning [TSY]
Subject: RE: Programmes

[UNCLASSIFIED] 
 
Thanks Andrew. I’ve passed this to Andrew Binning. 
 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Wednesday, 7 March 2018 11:45 a.m. 
To: Oscar Parkyn [TSY]  
Subject: Programmes 
 
Hi Oscar 
i have just started look at my earlier programmes. I will start sending them soon, as I check they are still 
running. Here is a brief overview piece on the scope of the 2009 (Capital Gains Tax) model for you and 
Andrew 
 
andrew 
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Thursday, 8 March 2018 1:15 PM
To: Andrew Binning [TSY]; 'Andrew Coleman'
Subject: RE: CGT Programme
Attachments: proc CGT supply land tax  main version for CGT paper (June 9) for Andrew Binning 

(003).txt

Many thanks Andrew C. 
 
AB - I had no problem opening it in notepad as a text file. Attached. 
 
From: Andrew Binning [TSY]  
Sent: Thursday, 8 March 2018 1:04 p.m. 
To: Andrew Coleman  
Cc: Oscar Parkyn [TSY]  
Subject: RE: CGT Programme 
 
[IN-CONFIDENCE] 
 
Hi Andrew, 
 
Thanks for sending this through. I am having trouble opening the file. I will check to see if our IT department can 
help me with this. 
 
Cheers 
 
Andrew 
 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Thursday, 8 March 2018 12:00 PM 
To: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Cc: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: CGT Programme 
 
Hi andrew 
Here is the programme I used to write the CGT and Land tax papers back in 2009. I spent 2-3 hours 
improving the documentation yesterday and it now (largely) makes sense to me. The documentation is, 
unfortunately, far from perfect. But you should be able to follow the main ideas. 
 
The basic structure is an overlapping generations lifecycle model with four stages of life and 400 different 
agents. The agents choose consumption levels, saving, and housing each period. There are two basic types 
of houses (small houses called flats, and big houses) ; small houses can be rented or owned and big houses 
can be owned. House prices and house price inflation rates are endogenously determined (which is why 
there are only two types.) The key issue is to determine what house prices are; this then is used to 
calculate what each of the agents buys and saves at different stages of their lives.  
 
The programme basically reads in a large number of exogenous parameters (income distribution, tax 
structure, finance system structure etc etc) and then finds a numerical solution for four variables: the 
initial level of flat prices; the initial level of house prices; the rate of property price appreciation; and the 
rate of GST. The GST rate is essentially a residual so that when other taxes are introduced the government 
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refunds the tax take by lowering the GST rate. It would be possible to refund by changing income tax rates 
(The programme is also set up to do this) but this is complex as there is a single GST rate and two income 
tax rates and an income tax threshold. I call these four variables the vector P. To find a solution, a calculate 
a 4*1 vector of excess demands for a value P; then perturb it 4 times to calculate a 4*4 dP matrix; and 
then use the Newton Rhapson or the Secant method to guess a new value of P.  
 
It all sounds so easy! Actually, I am a little impressed looking back on it that it even flies.  
 
To calculate the excess demands, I have to calculate the demand for each of the 400 households in each 
stage of their lives. This is the messy heart of the programme. It involves each agent choosing an 
intertemporal utility maximising pattern of consumption and housing given the assumed pattern of house 
prices ; and this involves solving a Kuhn-Tucker problem with 48 separate branches reflecting whether or 
not various borrowing constraints bind or do not bind. (Don't get me started on a more recent Treasury 
paper that tried to replicate this type of model without imposing the Kuhn-Tucker constraints, as it still 
bewilders me that they claim to have imposed credit restrictions without actually having imposed credit 
restrictions.) The solution to this problem also needs an assumption about any wealth that households 
inherit; this is incorporated into the model in one of three ways, adding further complexity. 
 
Have a look, but I suspect we shall need to sit down together for me to explain it. Plus there are bits that i 
will need to look carefully at myself to work out what is exactly going on. 
 
The model has to aggregate people who were born at different times and differ by age. This is actually 
quite tricky. I have a second version that i have yet to look at that explores how to do this differently. I 
have yet to look at this, but we can do this later.  
 
regards 
andrew 
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library; new; output file = c:\ANDREWC\tax\temp reset; 
/***************************************************************** 
This programme calculates the cohort- real estate model with capital 
taxes.  
It differs from the earlier version by having GST on goods. This is to 
ensure the total tax 
take does not vary with capital taxes. Compared to the earlier version, 
the numerical solution  
has a fifth dimension reflecting the endogenous GST rate needed to make 
total tax rates equal  
to a particular fixed level.  
 
The programme is similar to earlier programmes . GST is not paid on house 
prices or rents.  
Consequently, one can calculate real consumption by dividing income 
(adjusted for purchases of houses) 
by (1+GST) and then proceeding as before.  
 
There is an economy with 4 overlapping generations, each with N agents 
that lives 4 periods. 
Agents have an exogenous labour income stream which has lifecycle 
characteristics. They consume goods,  
live in houses and solve an inter-temporal maximisation problem. The 
agents differ in the amount of income they have.  
In this example income for each cohort-period follows a uniform 
distribution, and agents have the same rank  
in each period's distributions. Within a cohort, income in periods (Y0 - 
Y3) is yi = Y0* yigrowth. 
Between time periods, real income grows at rate cohortgrowth.  
 -supoose without growth, income was (100, 150, 150, 25) 
 if cohortgrowth = 1%,  income for first cohort is (100, 151.5, 153, 
25.75) 
     income for next cohort will be (101 153 
154.5 26)  
In addition there is an inflation rate PICPI.  
 
 
Agents consume consumption goods but also get utility from housing. They 
have a separable utility function, with log utility over consumption  
and an additive amount from different types of housing. Housing is 
consumed in discrete units L = {Rent, Flat, House} or {R,F,H}. The 
utility from each  
option is vR if they rent, vF if they buy a flat and vH if they buy a 
large house. The youngest cohort can live at home in which case they get 
zero.  
 
In the model, people are forced to choose one type of housing each 
period. Although there are ostensibly 243 lifetime "housing ladder" 
options, I rule most of  
them out by insisting that housing improves through time, up until the 
last period. In the last period people must either live in a flat or a 
house. 
I allow for either 28 or 31 options:  eg ffff (live in a purchased flat 
all 4 periods) rfhh (rent then purchase a flat, then live in a big house 
for  
the last two periods). The last three options allow people to rent in the 
last stage of their lives under certain circumstances.  
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In the first period of their lives, people have another option. In one 
version of the model they live with their parents. 
This is free, but it gives them low utility from housing. In the other 
version, they share a rental flat with one other person.  
This costs half normal rent, but delivers slightly more than half the 
utility associated with renting. The cost and utility of these options 
are  
governed by two parameters set in the initialisation part of the 
programme. 
 
  
Imputed rent is not taxed. Rent is taxed at the marginal tax rate of the 
landlord. 
 
There are nH houses and nF flats. These numbers are a function of prices. 
there are separate (linear) housing supply functions for large houses  
and small houses.Any supply parameters can be chosen; I programme in six 
default options for ease. It is possible and sometimes useful to make the  
housing stock exogenous so that nH and NF are pre-determined - this 
captures the maximum amount land prices will adjust. In some versions I 
treat NH as  
exogenous to model a fixed supply of central city land, plus an 
endogenous supply of suburban land.  
 
 
Each agent is credit constrained in the first two periods of their lives. 
They face two constraints:  
a collateral constraint (they can borrow more than theta % of the value 
of the house); and 
a mortgage repayment to income constraint (they cannot pay more than 
delta of their labour income in mortgage payments).  
 
Agents borrow at an interest rate r_m (m for minus financial balances) 
They lend at an interest rate r_p (p for plus). The difference can either 
be a bank margin or a marginal tax rate on capital income.  
In the latter case, r_p = r_m (1-tax). There are two capital income tax 
rates, that depend on income.  
 
In the last period housing wealth is left to the next cohort. There are 
three different options over the way inheritences are received.  
 
 
The model calculates a steady state solution for flat and house prices, 
the rate of increase for these prices, and the GST rate.  
Rents are also calculated endogenously from these parameters. These 
solutions all depend on the exogenous variables such as real interest  
rates and the inflation rate and the tax structure. Given these prices, 
we calculate consumption patterns, who rents and owns. 
 
In a steady state, the ratio of house prices to flat prices is constant, 
and the rate of growth of flat prices is constant. There are thus  
three key prices:  
PF0 = price of flats in period 0 
PF1 = price of flats in period 1 
PH0 = price of houses in period 0  
In addition, there is an unknown GST rate.  
 
These four variables form the unknown price vector P that I solve for.  
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I assume that the after tax return to renting flats is equal to the after 
tax interest rate.  
Hence Rent(1+r)(1-tax) + PF1 = PF0(1+r(1-tax))  
In equilibrium rent_num flats are rented. By convention, these are owned 
by the people with the highest income in periods 3 their lives.  
 
For each price vector, the maximum utility for an agent from each of the 
28/31 housing patterns is calculated, and then the overall maximum  
utility is calculated. This gives the demand patten for each consumer.  
 
The formula for calculating the utility of a household, given a a housing 
option W, is complex and based on maximising lifetime 
expected utility subject to a budget constraint. The lagrangian is solved 
with 48 Kuhn-Tucker branches (conditions) according 
to whether one is liquidity constrained, borrowing, lending, or holding 
zero assets at the different stages of life. The programme calculates 
which  
of the branches provides each of the 400 agents witht he optimal 
solution.  
 
 
The loop structure is as follows.  
(1) for a 4x1 price vector P calculate each agent's utility and 
consumption bundle. Then calculate aggregate consumption.  
Then calculate a 4x1 vector of excess demand, where the equilibrium 
conditions are that  
aggregate consumption  = aggregate supply in period zero 
aggregate housing demand = number of houses 
aggregate flat plus rental demand = number of flats 
GST +capital tax paid = tax_total 
 
(2) Calculate 4 variations on this for P+dP, where dP pertubates each 
price or tax in turn. Then  
calculate numerical derivatives of the excess demand vector compared to 
prices. Obviously this is expensive,  
as utilities have to be calculated for each agent for each price 
pertubation.  
 
For a vector P, the derivative matrix is stored as a 4x4 matrix dff0 
For a vector P, the excess demands are stored in a 4*5 matrix ff0. The 
first column is the excess demands calculated at P. 
The next 4 columns are the excess demands calculated at P+dP. These 
columns are used to calculate the matrix dff0 
 
 
(3) Update the price estimate using Newton Rhapson until convergence is 
reached.  
 
 
 
****************************************************************** 
Settting up basic parameters  
 
N = number of agents (400) 
term = number of years in each period (12.5 years by default)  
Y0 = N*5 vector of income distribution N agents, 4 periods + total 
income. The first 4 are in real terms, the last one is in nominal terms  
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ie adjusted for the inflation rate picpi 
y_1 etc are the N*6 real incomes of the cohort born the previous period 
 
land_opt = number of lifetime housing ladder options.  
land = (land_opt*4)*4 vector of housing options. The order of land_opt 
housing ladding options is given below. 
For each housing-ladder option there is a 4*4 block : the four columns 
are indicator variables for whether you share/rent/own a small house/own 
a large house 
in a particular period, and the four rows are the four periods of a 
person's life.  
 
rent_own = n*1 vector indicating whether or not a person owns a rental. 
n_rent rental units are leased in equilibrium. 
 
For each set of prices, the programme 
(i) for each individual ii the utility of the land_opt diffent land 
options are calculated. 
 -this is done in proc loop_all 
 -for each ii and each land option, the program uses proc optimal_c 
to calculate the optimal utility for that option 
 -the results are temporarily stored in c_u_b_options (land_opt*15) 
  the order of the columns is   1-4 real consumption in the 
4 periods 
      5-7 nominal positive financial balances 
in periods 0, 1, 2 
      8-10 nominal negative financial 
balances in periods 0, 1, 2 
      11-13 nominal capital income tax paid 
in periods 1,2,3  
      14 the optimal consumption option (from 
1-48, corresponding to the appropriate Kuhn-Tucker branch)  
      15 discounted utility of this land 
option 
 
 - a comparison of the land_opt utilities is made, and the best 
selected. This is the agent's choice. Various data are stored in a n*38 
matrix 
 c00 corresponding to the n=400 agents.  
 the order of the rows is   
      THIS IS INCORRECT AND NEEDS UPDATING. 
THERE ARE 38 OPTIONS 
      1-14 columns 1-14 above 
      15-18 4 indicator variables indicating 
if you rent in periods 0-3 
      19-22 4 indicator variables indicating 
if you own a flat in periods 0-3 
      23-26 4 indicator variables indicating 
if you own a house in periods 0-3 
      27 indicator variable: do you own a 
rental flat in period 2 
      28 the land option you choose. 
 
 
(ii) adds up the consumption and housing demands and net borrowing and 
taxes.  This is done using proc aggregate. 
 - one is adding up year 0 consumption of this cohort plus year 1 
consumption of the previous cohort+year 2 consumption of the  
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 previous cohort before that etc. If there is cohort growth an 
adjustment must be made 
aggcons0 = 1*38 vector of aggregate demand in the same order 
aggcons = 6*1 vector of aggregate demand total consumption, total flats, 
total houses, total positive bonds , total negative bonds 
  plus tax payments. Note all rental houses are purchased by 
issuing bonds. 
vv = 4*4 vector of utility gained from sharing, renting, having a 
flat,having land (it is 4*4 as it is possible the relative utilities 
varies over the lifecycle) 
n_house = number of land units available.  
ff0 = 4*5 vector of excess demands (it is calculated five times to 
calculate derivatives)  
df0 = 4*4 vector of numerical derivatives 
*************************************************************************
***********************************/ 
 
 
/* MAIN parameter choices                                                
*/ 
/* Enter number of agents in each cohort                                 
*/            n=400; 
/* Enter number of years in each period                                  
*/            term = 12.5; 
 
/* possible inflation values                                             
*/            let loop_cpi[8,1] = 1.00 1.01 1.02 1.03 1.00  1.01 1.02 
1.03;  
/* The programme loops over 4 values of inflation.                       
*/            i_cpi= 1; do while i_cpi <=4; 
/* It does it twice to calculate two different types of tax              
*/            picp = loop_cpi[i_cpi]; 
/* (See the widow's tax below)                                           
*/            print 
"________________________________________________________________"; 
                                                                                    
print "Model with pcpi = " picp; 
 
/* Calculate the term inflation rate                                     
*/            picpi = picp^term; 
                                                                                   
picpi2 = picpi*picpi; picpi3 = picpi2*picpi; 
/* Enter individual income profile through time                          
*/            y1growth = 1.5; 
                                                                                   
y2growth = 1.5; 
                                                                                    
y3growth = 0.25; 
/* Enter growth of income between cohorts                                
*/            cohortgrowth = 1.00^term; 
/* Enter the discount rate                                               
*/            beta = 0.97^term; 
/* Enter the real interest rate                                          
*/            r= 1.05; 
/* Enter the bank margin                                                 
*/            r_margin = 0; 
                                                                                    
r_m = (r*picp)^term; 
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r_p = (r*picp-r_margin)^term; 
/* It is possible to lengthen the last period, but this is not usually   
*/            term_end = 1.0; 
/* done                 */        print " 
last period is extended by a factor of " term_end;     
            
 
 
/* Taxes                                                                 
*/ 
/* Here I enter various tax rates, and information who is                
*/ 
/* liable for different taxes.                                           
*/ 
/* All People are liable for income tax.                                 
*/ 
/* There are dummy variables for whether households or landlords or      
*/ 
/* neither or both are subject to CGT or land tax.                       
*/ 
/* The taxes can be refunded as GST or as a proportional reduction       
*/ 
/* in income taxes                                                       
*/        
 
/* Income tax reduction faction if refunded.                             
*/            income_tax_land_adjust = 1;    
/* Marginal income tax rates                                             
*/        tax1 = 0.20*income_tax_land_adjust; 
                                                  
tax2 = 0.33*income_tax_land_adjust;            
                                                                                   
tax_thresh = 50000*term;  
/* Initial GST rate  (it is adjusted to keep total tax take the same     
*/            GST_0 = 0.14; 
 
/*enter depreciation, CGT and land tax rates                             
*/            depreciate = 0.0100*term; 
                                                                                    
land_tax = 0.0000*term; 
/*ltax_ll = 1 means landlords pay land tax                               
*/            ltax_ll = 0; 
/*ltax_hh = 1 means households pay it.                                   
*/            ltax_hh = 0; 
 
/* the capital gains tax                                                 
*/        cgt1 = 0.20; 
/* Can be a flat rate or set equal to marginal income tax rates          
*/            cgt2 = 0.20;                  
                  
          
/* cgt_ll = 1 means landlords pay it                                      
*/           cgt_ll = 1;                    
/* cgt_hh = 1 means households pay it.                                    
*/           cgt_hh = 0; 
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/* There is an option to have interest income taxed on a real             
*/         if(i_cpi <=4); widow_tax = 1; print "widow tax = 1"; 
/* or a nominal basis. NZ taxes on a nominal basis but we explore         
*/          else; widow_tax = picpi; print "widow tax = picpi";endif; 
/* what happens if we tax on a real basis. If the variable "widow tax"    
*/  
/* =1, nominal intrest is taxed; if it equals picpi , real interest is    
*/ 
/* taxed.                  */  
                                                                                
/* use (r_p-1) for ordinary capital taxes  widow_tax=1                   
*/            r_p1 = (r_p- (r_p-widow_tax)*tax1); 
/* use (r_p-picpi) for real capital taxes  widow_tax=picpi               
*/            r_p2 = (r_p- (r_p-widow_tax)*tax2); 
 
/************************************************************************
************************************/ 
/* Other Parameter Choices                                               
*/ 
/* Enter the number of rent/ownership options                            
*/            land_opt0 = 28;  
/* rent_opt = 3 if people can rent right through life, or 0 otherwise    
*/            rent_opt = 3; 
                                                                                    
land_opt = land_opt0+rent_opt; 
                                                                                    
/* Enter the utility from rent, flat, houses                             
*/            vv =zeros(4,4); 
                                                                                    
utility_ratio = 9/8; 
                                                                                    
rent_ratio =0.5;      
                                                                                    
vv[1,2] = 0.32;  
                                                                                    
vv[1,3] = 0.35; 
                                                                                    
vv[1,4] = 0.54; 
/* If you share (option 1) it costs 50% rent but pays 9/16 utility       
*/            v[1,1] = vv[1,2]*rent_ratio*utility_ratio; 
/* Alternative version; stay at home;rent_ratio = 0, utility_ratio = 0   
*/  
/* renting in the final period provides less utility than owning.        
*/            vv_finalrent = 0.8; 
 
/* Housing Supply functions                                                         
/* Enter the number of houses                                            
*/            n_house = 900; 
/* Calculate the number of flats                                         
*/            n_flat = n*4-n_house - 20; 
 
/* Possible linear supply parameters                                     
*/             
 
                                                                                    
a0_f = 0;                        /* Supply 1*/ 
/* P_h = a0_h+ a1_h Q                                                    
*/            a1_f = 150; 
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/* P_f = a0_f+ a1_f Q                                                    
*/            a0_h = 125000; 
                                                                                    
a1_h = 50; 
                                                                                    
                                                                                    
a0_f = -149100000+223000;        /* Supply 2*/ 
/* Choose one of the alternatives                                        
*/            a1_f = 100000; 
/* Almost perfectly inelastic with house prices around $300000 in eq     
*/                                                                                  
a0_h = -68900000+160000; 
                                                                                    
a1_h = 100000; 
                                                                                    
                                                                                    
a0_f = -50000;                    /* Supply 3*/ 
                                                                                   
a1_f = 150; 
                                                                                    
a0_h = 100000; 
                                                                                    
a1_h = 50; 
                                                                                   
                                                                                    
a0_f = -153800000+181000;         /* Supply 4*/ 
/* Almost perfectly inelastic with house prices around $300000 in eq     
*/            a1_f = 100000; 
                                                                                    
a0_h = -87300000+143000; 
                                                                                    
a1_h = 100000; 
                                                                                    
                                                                                    
a0_f = 0;                         /* Supply 5*/ 
/* Flats elastic, houses inelastic                                       
*/            a1_f = 150; 
                                                                                    
a0_h = -80000000+125000; 
                                                                                   
a1_h = 100000; 
                                                                                    
                                                                                    
/* Both flats and houses very elastic                                    
*/            a0_f = 210000;                    /* Supply 6*/ 
                                                                                    
a1_f = 10; 
                                                                                    
a0_h = 370000-225000; 
                                                                                    
a1_h = 10; 
                                                                                   
 
                 /*a0_f = 
-12250; 
                                                                                    
a1_f = 100; 
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a0_h = 93000+0000; 
                                                                                    
a1_h = 10;*/ 
                                                                                    
                                                                                    
/* Enter the inheritence profile                                         
*/            let inherit[4,1] = {0.0, 0.0, 1.0, 0.0}; 
/* Enter inheritence pattern                                             
*/            inherit_flag = 3;  
/* inherit_flag = 1: everyone gets the same amoun 
 inherit_flag = 2: everyone gets what the person of their income rank 
bequests 
 inherit_flag = 3: every second person gets zero or twice what the person 
of their  
 income rank bequests                                                    
*/ 
  
/* Enter the fraction that can be borrowed as a reverse mortgage in last 
period.*/     reverse_frac = 0.00; 
/* Enter income distribution parameters                                  
*/            y_lowerbound = 25150; 
                                                                                    
y_increase = 150; 
 
                                     
alpha_t=5.0;  
                                    
g_adjust = 0.02; 
                                     
n_iter=100; 
/* ralph_alpha controls speed of convergence in NR. The default is 1;    
*/ 
/*but if not converging use a small number like 0.1, 0.2                   
*/        Ralph_alpha = 1; 
/************************************************************************
***********************************/ 
/* Initial values for the prices and interest rates. 
 
There are four fundamental prices:  {PF0,PF1,PH0,GST} (flat price this 
period; flat price next period; house price this period; GST rate. 
However, this is not a very useful arrangement for calculating the 
equilibrium. It is better to rearrange these prices as  
Flat rent   rent_f*(1+r_p)(1-tax) +PF1 =PF0(1+r_p)   
House premium    prem_h = Ph0/Pf0          
Flat appreciation  pi_f = Pf1/Pf0      
GST rate                   GST 
dprice/ dprice0 are the dP vectors we add to price. 
****************************************************************/ 
                                                                                    
price= zeros(4,1);                                                                  
                                                                                   
price[1] = 12000*term; price[1] = 145000; 
                                                                                    
price[2] = 1.7; 
                                                                                    
price[3] = picpi*cohortgrowth; 
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price[4] = 0.12; 
                                                                                    
print ; print "intial values " price'; 
 
                                                                                    
let dprice0[4,1] = {500,.015,.01,0.001}; 
                                                                                    
dprice= dprice0; 
                                                                                    
pricestart= price; 
/* initialisation value to calculate inheritances                        
*/ 
/* Enter the number of flats owned by old generation                     
*/             inherit_f = 350;  
/* Enter the number of houses owned by old generation                    
*/             inherit_h = 50;  
/* Enter the number of flats leased out                                  
*/             n_rent = 250;     
 
/* theta is the measure of the loan to value ratio 
delta is the measure of the mortgage interest/ income ratio 
theta_vec and delta_vec are used to automatically change these 
parameters. */ 
 
                                                                     let 
theta_vec[5,1] = {1, 0.95, 0.90, 0.85, 0.80};        
                                                                     let 
delta_vec[8,1] = {0.5, 0.4, 0.35, 0.30, 0.25, 0.225, 0.20, 0.175 }; 
 
/************************************************************************
**************************************** 
Land is a matrix that indicates where everyone lives in a particular  
stage of their lives if they have a particular housing option eg RRFF 
It is (land_opt*4) by 4 
If you are in the sth period of your life and are choosing the nth 
housing option, you look up row (n-1)*4+s.  
Each column is a zero or one, with a one in the column corresponding to 
your housing type. Col (1,2,3,4) = (1,R,F,H) 
where 1 means renting half a house. 
*************************************************************************
***************************************/  
print " Inheritance option = " inherit_flag; 
print " Reverse mortgage = " reverse_frac;  
 
print " Marginal tax rates = " tax1 tax2 tax_thresh/term;  
print " Capital gains tax rates = " cgt1 cgt2; 
if (cgt_ll == 1); print " Capital gains tax paid by landlords "; endif; 
if (cgt_hh == 1); print " Capital gains tax paid by households "; endif;  
print " Annual land tax rates = " land_tax/term ; 
if (ltax_ll == 1); print " Land tax paid by landlords "; endif; 
if (ltax_hh == 1); print " Land tax paid by households "; endif;  
print " Depreciation and rates = " depreciate/term; 
print " Number of housing options " land_opt rent_opt; 
land=zeros(4*land_opt,4); 
print; 
print "Housing supply parameters: flats " a0_f a1_f ; 
print "Housing supply parameters: houses " a0_h a1_h ; 
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/* 1 11RF */ land[1,1] = 1;   land[2,1] = 1;    land[3,2] = 1;     
land[4,3] = 1;       
/* 2 11FF */ land[5,1] = 1;   land[6,1] = 1;    land[7,3] = 1;     
land[8,3] = 1;       
/* 3 11HF */ land[9,1] = 1;   land[10,1] = 1;   land[11,4] = 1;    
land[12,3] = 1;       
/* 4 1RRF */ land[13,1] = 1;  land[14,2] = 1;   land[15,2] = 1;    
land[16,3] = 1;       
/* 5 1RFF */ land[17,1] = 1;  land[18,2] = 1;   land[19,3] = 1;    
land[20,3] = 1;       
/* 6 1RHF */ land[21,1] = 1;  land[22,2] = 1;   land[23,4] = 1;    
land[24,3] = 1;       
/* 7 1RHH */ land[25,1] = 1;  land[26,2] = 1;   land[27,4] = 1;    
land[28,4] = 1;       
/* 8 1FFF */ land[29,1] = 1;  land[30,3] = 1;   land[31,3] = 1;    
land[32,3] = 1;       
/* 9 1FHF */ land[33,1] = 1;  land[34,3] = 1;   land[35,4] = 1;    
land[36,3] = 1;       
/*10 1FHH */ land[37,1] = 1;  land[38,3] = 1;   land[39,4] = 1;    
land[40,4] = 1;     
/*11 1HHF */ land[41,1] = 1;  land[42,4] = 1;   land[43,4] = 1;    
land[44,3] = 1;       
/*12 1HHH */ land[45,1] = 1;  land[46,4] = 1;   land[47,4] = 1;    
land[48,4] = 1;       
/*13 RRRF */ land[49,2] = 1;  land[50,2] = 1;   land[51,2] = 1;    
land[52,3] = 1;       
/*14 RRFF */ land[53,2] = 1;  land[54,2] = 1;   land[55,3] = 1;    
land[56,3] = 1;       
/*15 RRHF */ land[57,2] = 1;  land[58,2] = 1;   land[59,4] = 1;    
land[60,3] = 1;       
/*16 RRHH */ land[61,2] = 1;  land[62,2] = 1;   land[63,4] = 1;    
land[64,4] = 1;       
/*17 RFFF */ land[65,2] = 1;  land[66,3] = 1;   land[67,3] = 1;    
land[68,3] = 1;       
/*18 RFHF */ land[69,2] = 1;  land[70,3] = 1;   land[71,4] = 1;    
land[72,3] = 1;       
/*19 RFHH */ land[73,2] = 1;  land[74,3] = 1;   land[75,4] = 1;    
land[76,4] = 1;       
/*20 RHHF */ land[77,2] = 1;  land[78,4] = 1;   land[79,4] = 1;    
land[80,3] = 1;    
/*21 RHHH */ land[81,2] = 1;  land[82,4] = 1;   land[83,4] = 1;    
land[84,3] = 1;    
/*22 FFFF */ land[85,3] = 1;  land[86,3] = 1;   land[87,3] = 1;    
land[88,3] = 1;    
/*23 FFHF */ land[89,3] = 1;  land[90,3] = 1;   land[91,4] = 1;    
land[92,3] = 1;    
/*24 FFHH */ land[93,3] = 1;  land[94,3] = 1;   land[95,4] = 1;    
land[96,4] = 1;   
/*25 FHHF */ land[97,3] = 1;  land[98,4] = 1;   land[99,4] = 1;    
land[100,3] = 1;   
/*26 FHHH */ land[101,3] = 1;  land[102,4] = 1;   land[103,4] = 1;    
land[104,4] = 1;   
/*27 HHHF */ land[105,4] = 1;  land[106,4] = 1;   land[107,4] = 1;    
land[108,3] = 1;   
/*28 HHHH */ land[109,4] = 1;  land[110,4] = 1;   land[111,4] = 1;    
land[112,4] = 1;   
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if( rent_opt ==3); 
/*29 11RR */ land[113,1] = 1;  land[114,1] = 1;   land[115,2] = 1;    
land[116,2] = 1;   
/*30 1RRR */ land[117,1] = 1;  land[118,2] = 1;   land[119,2] = 1;    
land[120,2] = 1;   
/*31 RRRR */ land[121,2] = 1;  land[122,2] = 1;   land[123,2] = 1;    
land[124,2] = 1;   
endif; 
 
/************************************************************************
***************************************** 
Income is an n*5 matrix with the real income of every person in the 
cohort born at t=0. 
The first four columns are their labour income in periods 1-4 
 
y_1 is the income of the chort born the previous cohort. Thus y0[.,1] + 
y_1[.,2] adds together the incomes 
of cohort 0 people born this period and cohort 1 people born last period  
 
tot_yt0 adds up all the income of all people alive this year.  
When medical expenses are zero, the income tax rate is calculated as that 
deduction from exogenous labour income that earns enough to pay the 
aggregate pension level minus its base level, $20000.  
 
The pension is assumed to be a lump sum. If you leave the pension at 
$20000 and extend the period length, the programme will optimise on the 
assumption that the per period pension is 
reduced to 20000/term_end. The default should be to increase the pension 
to 20000*term_end. In this case, income taxes will increase to pay  
for the extra money.  
 
The dummy variable 3medi_tax4 (=0,1) controls whether medical expenses 
are paid for by the government (medi_tax = 1) or privately (medi_tax = 
0). In each case they are assumed to  
provide no utility, but are a priority, If medi_tax = 0, medical expenses 
are deducted  from the pension, leaving less to spend on everything else.  
 
Medical expenses have a default value of zero, but are then increased to 
something like 5000 or 5000*term_end; The former structure assumes that 
the age of onset of a medical condition  
increases with the age of death; the latter assumes that total medical 
expenses will increase with the length of life.  
 
*************************************************************************
****************************************/ 
medical = 000*term_end; 
medi_tax = 1; 
pension = 20000*term_end; 
 
y0_pretax = zeros(n,5); 
y0= zeros(n,5); 
y0_pretax[.,1] = seqa(25150,y_increase,n); 
income_sum = sumc(y0_pretax[.,1]); 
y0_pretax[.,1] = y0_pretax[.,1]; 
y0_pretax[.,2] = y0_pretax[.,1]*y1growth; 
y0_pretax[.,3] = y0_pretax[.,1]*y2growth; 
y0_pretax[.,4] = y0_pretax[.,1]*y3growth+pension; 
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income_tax_take0 = 21857664*term; income_tax_take0 = 292067646*term/12; 
/* Intial values of income tax based on the distribution of income and 
income tax rates*/ 
 
income_tax_take =0; 
ii= 1;  do while ii <= n; 
        jj = 1; do while jj <= 4; 
        y0[ii,jj]=((1-tax1)*y0_pretax[ii,jj] - (tax2-
tax1)*(y0_pretax[ii,jj]-tax_thresh/term)*(y0_pretax[ii,jj] 
>tax_thresh/term))*term; 
        income_tax_take = income_tax_take + (y0_pretax[ii,jj]*term - 
y0[ii,jj]); 
        jj=jj+1; endo; 
        ii=ii+1; endo; 
 
y_1 = y0/cohortgrowth; 
y_2 = y0/cohortgrowth^2; 
y_3 = y0/cohortgrowth^3; 
 
tot_ypretax = (sumc(y0_pretax[.,1]) +sumc(y0_pretax[.,2]) + 
sumc(y0_pretax[.,3]) + sumc(y0_pretax[.,4]) ); 
tot_yt0 = sumc(y0[.,1])+sumc(y_1[.,2])+sumc(y_2[.,3])+sumc(y_3[.,4]); 
 
print " annual pretax income and post tax income " tot_ypretax 
tot_yt0/term; 
print " target income tax " income_tax_take0 " actual income tax " 
income_tax_take; 
print "gst target " gst_0; 
tax_take0 = tot_yt0*gst_0/(1+gst_0)+(income_tax_take0-income_tax_take); 
 
 
supply_fh = ones(2,2)*a1_f; 
supply_fh[2,2]= a1_f+a1_h; 
supply_fhinv = inv(supply_fh); 
 
c_u_b_options=zeros(20,land_opt); 
 
utility = zeros(n,8); 
c0=zeros(n,38); 
c00=zeros(n,38); 
aggcons0= zeros(1,38); 
aggcons = zeros(5,1); 
rent_own = zeros(n*4,1); 
tax_i =zeros(3,1);  
cgtax_i = zeros(3,1); 
land_tax_paid = zeros(3,1); 
 
inherit_ff = zeros(n,3); 
inherit_hh = zeros(n,3); 
inherit_start = 0; 
       
beta_pi = beta/picpi; 
beta2= beta*beta; 
beta3 = beta2*beta*term_end; 
beta_pi3 = beta_pi; 
beta11 = 1+beta; 
beta12 = beta11+beta2; 
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beta13 = beta12+ beta3; 
rr = r_m*ones(3,1)~r_p1*ones(3,1); 
 
mort_prem = r_m^(25/term)/(r_m^(25/term)-1); 
 
vv[2,.] = vv[1,.]*beta; 
vv[3,.] = vv[2,.]*beta; 
vv[4,.] = vv[3,.]*beta*term_end; 
vv[4,1:2] = vv[4,1:2]*vv_finalrent; 
 
/*vv[2,1]= vv[2,1]*vv_finalrent;*/ 
price_t = zeros(4,4);  
price_rate_t = zeros(4,4);  
 
ff0 = zeros(4,5); 
df0 = zeros(4,4); 
 
 
 
 
/************************************************************************
************************************ 
Modelling credit constraints  
(a) Each agent is credit constrained in the first two periods of their 
lives. They face two constraints:  
a collateral constraint (they can borrow more than theta % of the value 
of the house); and 
a mortgage repayment to income constraint (they cannot pay more than 
delta of their labour income in mortgage payments).  
In addition, they face what I call a cash constraint: they must make 
regular payments each period. In particular, they  
make an interest and principal repayment in the period that they borrow.  
 
(b) The cash constraint payment.  
This is modelled in two ways. First, the standard mortgage formula is 
used to calculate the additional principal repayment.  
It is calculated as a "mortgage-premium" which simply a multiplicative 
factor that raises the cash payment made each period.  
This is the variable mort_prem. 
 
Secondly, I calculate the payment that should be made at the end of the 
period, and then discount it by the interest rate  
as if it is made at the beginning of the period. Suppose you borrow $1000 
at 5%. The 10 year interest rate is 1.63 and the  
mortgage premium for a ten year term is 1.41. Thus at the end of the 
period, you would have to make a payment of 1.41*0.63*10000 
= $8883. At the beginning of the period you would have to make a payment 
of 8883/1.63=$5478.    
 
This creates a modelling oddity. You borrow $10000 and immediately pay 
back $5478. Net borrowing is thus only $4522.  
Nonetheless, I need to do this otherwise cash-constrained households have 
an incentive to purchase a house rather than rent simply  
because the interest payment would be in the next period (when income is 
high) whereas the rent payment would be made this period. 
 
The utility model below is calculated without directly considering the 
cashflow constraint. In essence, it assumes that if  
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you borrow an amount B, you repay the whole amount next period, with 
interest, and thus the amount B is available for  
spending today. To incorporate the cashflow constraint, I take the amount 
of borrowing Bm and equate it to a  
gross amount of borrowing Bm_neg and a repayment this period Bm_pos: Bm = 
Bm_neg-Bm_pos. Thus if I wish to borrow $4522 net, I  
actually have Bm_neg= 10000 and Bm_pos = 5478. Both Bm_neg and Bm_pos pay 
the (untaxed) interest r_m. However,  
the collateral and MRI borrowing constraints are imposed on Bm_neg.  
 
Note the cash payment is Bm_pos = Bm_neg*(r-1)*mort_prem/r where r is a 
number like 1.05^10 = 1.63 
Hence Bm_neg = Bm*r/(r-(r-1)mort_prem).  
 
 
Below, the utility function is divided into 48 different segments. For 
the segments where first or second period borrowing occurs, 
I first calculate optimal net borrowing Bm. I then calculate Bm_neg. If 
this is greater than the credit constraint, Bm_neg is made  
equal to the borrowing constraint and net borrowing Bm is calculated. If 
you borrowed Bm, you would owe exactly the same amount at  
the beginning of the next period as if you borrowed Bm_neg and at the 
beginning of the next period made an interest and  
amortised principal payment. The easiest way to impose the cash 
constraint is  
(a) calculate the binding constraint bind0c; 
(b) multiply bind0c (the constraint on Bm_neg) by (r-(r-1)mort_prem)/r to 
convert to a constraint on Bm 
 
bind0a is the maximum you can borrow and stay with in the loan to value 
collateral constraint. 
bind0b is the maximum you can borrow and stay within the mortgage-
repayment to income constraint.  
bind0c is the minimum of these two numbers.  
bind0 is the constraint on net borrowing. 
bind0ind is an indicator variable that tells you which constraint is 
binding.  
*************************************************************************
*****************************************************/ 
 
/************************************************************************
****************************************** 
The main loop. 
k counts the number of times it takes to converge: there is a stop at 50= 
loop number. 
If we exceed k = 50, we try a different starting point, equal to 0.5* 
(starting price value and iteration 50 price value). We then go back to 
the start  
and increase kk by 1. (kk,k) therefore track the number of iterations.  
 
when j = 1, we calculate the model for the kth prices.  
when j = 2,3,4,5 we calculate the model for the basic prices plus a 
vector dP in order to calculate numerical derivatives.  
Stopj =number unknowns +1 = 5 in main iteration.  
 
Stopj has a strange function, and probably reflects bad programming. 
Basically, during each iteration k, we first calculate the equilibrium 
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at the starting prices. We then calculate a new equilibrium at a whole 
lot of new prices in different directions. At the end of this process,  
we calculate the first equilibrium again, to be used in some further 
processing.  
 
for P0, P1, it is tricky to calculate the derivatives, as we may be at a 
corner solution.  
if demand for land is zero, dP must be negative in order to induce a rise 
in land demand. It may be the case that a very  
large decrease in dP is needed. There is a loop that keeps increasing dP 
(by multiplying by adjustdp) until land demand shifts  
off its corner solution; this ensures the matrix of derivatives will not 
be singular.    
*************************************************************************
*******************************************/ 
kk=1; 
thetaloop = 3; do while thetaloop <=3; 
theta = theta_vec[thetaloop]; 
price = pricestart; 
deltaloop = 4; do while deltaloop <= 4; 
delta = delta_vec[deltaloop]; 
 
k=1;                /* Counting the number of times it takes to converge: 
there is a stop at 50*/  
adjustdp =1;      
stopj=5; 
price = (0.5*pricestart+0.5*PRICE); 
loop1: 
 
flag_firstk = 0; 
loop_firstk: 
 
format /rd 3,4; 
print; 
print " 
____________________________________________________________________"; 
print " loop number k= " k "first_k = " flag_firstk; 
print " prices this loop = " price'; 
print " number of renters from last iteration " n_rent ;  
print " number of inherited flats from last iteration " inherit_f ;  
print;  
 
 
inherit_ff[.,1] = ones(n,1)*inherit_f/n; 
inherit_hh[.,1] = ones(n,1)*inherit_h/n; 
 
inherit_ff[.,2] = c00[.,22]; 
inherit_hh[.,2] = c00[.,26]; 
 
ii = 1; do while ii <=n ; 
        inherit_ff[ii,3] = 0; 
        inherit_ff[ii+1,3] = inherit_ff[ii,2]+inherit_ff[ii+1,2]; 
        inherit_hh[ii,3] = 0; 
        inherit_hh[ii+1,3] = inherit_hh[ii,2]+inherit_hh[ii+1,2]; 
        ii=ii+2; endo; 
         
 
if(inherit_start ==0);  
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        inherit_ff[.,1] = ones(n,1)*inherit_f/n; 
        inherit_hh[.,1] = ones(n,1)*inherit_h/n; 
        inherit_ff[1:inherit_f,2] = ones(inherit_f,1); 
        inherit_hh[inherit_f+1:n,2] = ones(inherit_h,1);  
        ii = 1; do while ii <=inherit_f; 
                inherit_ff[ii,3] = 0; 
                inherit_ff[ii+1,3] = 2;        
        ii=ii+2; endo; 
        ii = inherit_f+1; do while ii <=n; 
             inherit_hh[ii,3] = 0; 
             inherit_hh[ii+1,3] = 2;        
        ii=ii+2; endo; 
        inherit_start = 1;  
endif; 
 
 
 
rent_own = zeros(4*n,1); 
 
    if (n_rent > 0); n_rent_2 = floor(n_rent/2); 
                   if(n_rent_2 >0); rent_own[1201-
n_rent_2:1200]=2*ones(n_rent_2,1);   
                                    rent_own[1201-n_rent_2-1]=n_rent-
2*n_rent_2;   
                    else;           rent_own[1200]=n_rent;   endif;  
                    endif;                 
                                  
 
j = 1; do while j <=stopj;  
loopj: 
dprice[1] = dprice0[1]; 
dprice[2:3] = dprice0[2:3]*adjustdp;  
dprice[4] = dprice0[4]; 
    if(j==1);  rent_f = price[1]; 
               prem_h = price[2]; 
               pi_f = price[3]; 
               gst=price[4];  
    elseif(j ==2);  
               prem_h = price[2]; 
               pi_f = price[3];      
               if(df0[2,1] ==0); if(ff0[2,1]*4*n == -(n_house+n_flat)); 
dprice[1] = -dprice[1]; endif;  
               endif; 
               rent_f=maxc((price[j-1] + dprice[j-1])|zeros(1,1));  
               gst=price[4];  
    elseif(j==3);    
               rent_f = price[1]; 
               pi_f = price[3];  
               if(df0[2,1] ==0); if(ff0[2,1]*4*n == -(n_house+n_flat)); 
dprice[2] = -dprice[2]; endif;endif;                  
               prem_h=maxc((price[j-1] + dprice[j-1])|zeros(1,1));             
               gst=price[4]; 
    elseif(j==4);    
               rent_f = price[1]; 
               prem_h = price[2];  
               if(df0[2,1] ==0); if(ff0[2,1]*4*n == -(n_house+n_flat)); 
dprice[3] = -dprice[3]; endif; endif;                 
               pi_f=maxc((price[j-1] + dprice[j-1])|zeros(1,1));             
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               gst=price[4];  
    elseif(j==5);   
               rent_f = price[1]; 
               prem_h = price[2]; 
               pi_f = price[3]; 
               gst = price[4]+dprice[4];  
    endif; 
 
 
{pf0,pf1,ph0,price_t, price_rate_t} = price_calc(rent_f, prem_h, pi_f, 
r_p2, tax2, depreciate, land_tax, ltax_ll, ltax_hh, cgt1, cgt2, cgt_ll, 
cgt_hh,rent_ratio); 
 
c00 = loop_all(n, rr, r_p, r_p1, r_p2, y0, tax_thresh, tax1, tax2, tax_i,  
theta, price_t, price_rate_t, land_opt, land, delta, mort_prem, inherit, 
inherit_h, inherit_f, inherit_hh, inherit_ff, inherit_flag, reverse_frac, 
picpi, picpi2, picpi3, rent_own, beta, beta11, beta12, beta13, beta_pi, 
beta_pi3, vv, gst, widow_tax,term_end, depreciate, land_tax, ltax_hh, 
ltax_ll,  
cgt1, cgt2, cgt_ll, cgt_hh); 
 
{aggcons0,aggcons} = aggregate(c00,cohortgrowth, picpi,gst, term_end, 
reverse_frac, price_t, rent_ratio); 
 
 
if(flag_firstk ==0);  
                     n_rent = 
floor(sumc(aggcons0[15:18]')+rent_ratio*sumc(aggcons0[30:33]')); 
                     inherit_f= aggcons0[22];  
                     inherit_h = aggcons0[26]; 
                     flag_firstk=1;  
                     goto loop_firstk; 
                     endif;   
 
 
/****************************************************** 
Calculating the derivative matrices 
f0 is 3*1 in the order of excess demand of c0, total flats and houses, 
houses  
df0 is 3*3, taking derivatives in order of (P0,P1, r) 
*****************************************************/ 
 
 
{n_flat,n_house} = house_number(pf0,ph0,supply_fhinv,a0_f,a0_h); 
ff0[.,j] = evaluate(aggcons,r_m,tot_yt0,n_house,n_flat,picpi,tax_take0, 
alpha_t, price_t, depreciate,aggcons0); 
 
if(j==1); n_rent1 = 
floor(sumc(aggcons0[15:18]')+rent_ratio*sumc(aggcons0[30:33]'));inherit_f
1= aggcons0[22]; inherit_h1 = aggcons0[26]; endif;   
if(stopj==1); goto print_run; endif; 
 
 
    if (j == 1);  
        print " Excess demand for goods "            ff0[1,1]*tot_yt0 
ff0[1,1]; 
        print " Excess demand for houses and flats " ff0[2,1]*4*n;  
        print " Excess demand for houses "           ff0[3,1]*n_house;  
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        print " Excess tax payments "               
ff0[4,1]*tax_take0*alpha_t ff0[4,1]; 
        print " Number of people renting flats " n_rent1; 
        print " Number of people inheriting flats " inherit_f1;  
 
        print; 
        print " total consumption " aggcons[1]; 
        print " total  flats " aggcons[2]; 
        print " total houses " aggcons[3]; 
        print " total net lending " aggcons[4]; 
        print " total tax " aggcons[5]; 
         
         
         
        print " number renting all of life " sumc(c00[.,28] .== 29) 
sumc(c00[.,28] .== 30) sumc(c00[.,28] .== 31);  
        print " lending " aggcons0[5:7]'; 
        print " borrowing " aggcons0[8:10]'; 
        print /flush; 
 
    endif; 
 
    if(j ==2);  
        df0[1,j-1] = (ff0[1,j] - ff0[1,1])/dprice[j-1]; 
        df0[2,j-1] = (ff0[2,j] - ff0[2,1])/dprice[j-1]; 
        df0[3,j-1] = (ff0[3,j] - ff0[3,1])/dprice[j-1];     
        df0[4,j-1] = (ff0[4,j] - ff0[4,1])/dprice[j-1];     
    endif;  
  
    if(j ==3);  
        df0[1,j-1] = (ff0[1,j] - ff0[1,1])/dprice[j-1]; 
        df0[2,j-1] = (ff0[2,j] - ff0[2,1])/dprice[j-1]; 
        df0[3,j-1] = (ff0[3,j] - ff0[3,1])/dprice[j-1];       
        df0[4,j-1] = (ff0[4,j] - ff0[4,1])/dprice[j-1];     
    endif;  
 
    if(j ==4);  
        df0[1,j-1] = (ff0[1,j] - ff0[1,1])/dprice[j-1]; 
        df0[2,j-1] = (ff0[2,j] - ff0[2,1])/dprice[j-1]; 
        df0[3,j-1] = (ff0[3,j] - ff0[3,1])/dprice[j-1];         
        df0[4,j-1] = (ff0[4,j] - ff0[4,1])/dprice[j-1];     
    endif;  
 
    if(j ==5);  
        df0[1,j-1] = (ff0[1,j] - ff0[1,1])/dprice[j-1]; 
        df0[2,j-1] = (ff0[2,j] - ff0[2,1])/dprice[j-1]; 
        df0[3,j-1] = (ff0[3,j] - ff0[3,1])/dprice[j-1];         
        df0[4,j-1] = (ff0[4,j] - ff0[4,1])/dprice[j-1];     
    endif;  
 
 
j= j+1; endo; 
 
    if (df0[2,.]==zeros(1,4)); adjustdp = adjustdp *2; print " adjust 
derivative matrix in round k =" k adjustdp;   
                               j = 2; goto loopj; endif;  
adjustdp=1; 
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/*    if(abs(ff0[1,1]) < 0.0001);  
    if (abs(ff0[2,1]) <2/(4*n)); 
    if (abs(ff0[3,1]) <2/n_house); 
    if (abs(ff0[4,1])*alpha_t  <0.0005 ); 
                                stopj=1; price1 = price; goto 
skip_update; endif;  endif; endif;endif;*/ 
 
 
if(abs(ff0[1,1]) < 0.0001);  
    if (abs(ff0[2,1]) <=2/(4*n)); 
    if (abs(ff0[3,1]) <=2/n_house); 
    if (abs(ff0[4,1])*alpha_t  <0.0005 ); 
                                stopj=1; price1 = price; goto 
skip_update; endif;  endif; endif;endif; 
 
 
/* Calculating the next iteration's values of prices*/ 
 
f0 = ff0[.,1]; 
g_x0 = f0'f0/2; 
direction = ralph_alpha* inv(df0)*f0; 
 
format /rd 3,5; 
print " The next price vector" k ; 
print " Direction of change = " direction'; 
price1 = price - direction; 
 
{pf01,pf11,ph01,price_t1, price_rate_t1} = price_calc(price1[1], 
price1[2], price1[3] , r_p2, tax2, depreciate, land_tax, ltax_ll, 
ltax_hh, cgt1, cgt2, cgt_ll, cgt_hh, rent_ratio ); 
 
c01 = loop_all(n, rr, r_p, r_p1, r_p2, y0, tax_thresh, tax1, tax2, tax_i,  
theta, price_t1, price_rate_t1, land_opt, land, delta, mort_prem, 
inherit, inherit_h, inherit_f, inherit_hh, inherit_ff, inherit_flag, 
reverse_frac, 
picpi, picpi2, picpi3, rent_own, beta, beta11, beta12, beta13, beta_pi, 
beta_pi3, vv,gst, widow_tax,term_end, depreciate, land_tax, ltax_hh, 
ltax_ll, 
cgt1, cgt2, cgt_ll, cgt_hh); 
 
{aggcons10,aggcons1} = aggregate(c01,cohortgrowth, picpi,gst,term_end, 
reverse_frac, price_t1, rent_ratio); 
 
{n_flat1,n_house1} = house_number(pf01,ph01,supply_fhinv,a0_f,a0_h); 
f1 = evaluate(aggcons1,r_m,tot_yt0,n_house1,n_flat1,picpi,tax_take0, 
alpha_t, price_t, depreciate,aggcons10); 
g_x1=f1'f1/2;  
 
print " sum of squared errors at P0, P0+direction  = " g_x0*10^4 
g_x1*10^4; 
 
if(g_x1 <= g_x0);   n_rent = 
floor(sumc(aggcons0[15:18]')+rent_ratio*sumc(aggcons0[30:33]')); 
                    inherit_f= aggcons0[22];  
                    inherit_h = aggcons0[26]; endif;  
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   if(g_x1 > g_x0); 
 
        price_star= price - g_adjust*direction; 
        {pf0_star,pf1_star,ph0_star,price_tstar, price_rate_tstar} = 
price_calc(price_star[1], price_star[2], price_star[3] , r_p2, tax2, 
depreciate,  
        land_tax, ltax_ll, ltax_hh, cgt1, cgt2, cgt_ll, cgt_hh, 
rent_ratio ); 
        c0_star = loop_all(n, rr, r_p, r_p1, r_p2, y0, tax_thresh, tax1, 
tax2, tax_i, theta, price_tstar, price_rate_tstar, land_opt, land, delta, 
mort_prem,  
        inherit, inherit_h, inherit_f, inherit_hh, inherit_ff, 
inherit_flag, reverse_frac, picpi, picpi2, picpi3, rent_own, beta, 
beta11,  
        beta12, beta13, beta_pi, beta_pi3, vv,gst, widow_tax, term_end, 
depreciate, land_tax, ltax_hh, ltax_ll, 
        cgt1, cgt2, cgt_ll, cgt_hh); 
        {aggcons0_star,aggcons_star} = aggregate(c0_star,cohortgrowth, 
picpi,gst,term_end,reverse_frac, price_tstar, rent_ratio); 
        {n_flat_star,n_house_star} = 
house_number(pf0_star,ph0_star,supply_fhinv,a0_f,a0_h); 
        f_star = 
evaluate(aggcons_star,r_m,tot_yt0,n_house_star,n_flat_star,picpi,tax_take
0,alpha_t, price_t, depreciate,aggcons0_star); 
        g_star=f_star'f_star/2;  
        g_prime = (g_star-g_x0)/g_adjust; 
 
        lambda = g_prime/2/(g_x1-g_x0-g_prime); 
        price_lambda= price +lambda *direction; 
 
        {pf0_lambda,pf1_lambda,ph0_lambda,price_tlambda, 
price_rate_tlambda} = price_calc(price_lambda[1], price_lambda[2], 
price_lambda[3], r_p2,  
        tax2, depreciate, land_tax, ltax_ll, ltax_hh, cgt1, cgt2, cgt_ll, 
cgt_hh,rent_ratio); 
        c0_lambda = loop_all(n, rr, r_p, r_p1, r_p2, y0, tax_thresh, 
tax1, tax2, tax_i, theta, price_tlambda, price_rate_tlambda, land_opt, 
land, delta, mort_prem,  
        inherit, inherit_h, inherit_f,inherit_hh, inherit_ff, 
inherit_flag,  reverse_frac, picpi, picpi2, picpi3, rent_own, beta, 
beta11,  
        beta12, beta13, beta_pi, beta_pi3, vv,gst, widow_tax,term_end, 
depreciate, land_tax, ltax_hh, ltax_ll, 
        cgt1, cgt2, cgt_ll, cgt_hh); 
        {aggcons0_lambda,aggcons_lambda} = 
aggregate(c0_lambda,cohortgrowth, picpi,gst,term_end,reverse_frac, 
price_tlambda, rent_ratio); 
        {n_flat_lambda,n_house_lambda} = 
house_number(pf0_lambda,ph0_lambda,supply_fhinv,a0_f,a0_h); 
        f_lambda = 
evaluate(aggcons_lambda,r_m,tot_yt0,n_house_lambda,n_flat_lambda,picpi,ta
x_take0, alpha_t, price_t, depreciate,aggcons0_lambda); 
        g_lambda=f_lambda'f_lambda/2;  
         
        print "lambda = " lambda ; print; 
 
        print  " g_star = " g_star*10^4 "G_lambda = " g_lambda*10^4; 
            if (g_lambda+ 10^(-9) < g_star); price1 = price_lambda;  
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                                             n_rent = 
floor(sumc(aggcons0_lambda[15:18]')+rent_ratio*sumc(aggcons0_lambda[30:33
]')); 
                                             inherit_f= 
aggcons0_lambda[22];  
                                             inherit_h = 
aggcons0_lambda[26];  
            else;                   price1 = price_star;  
                                    n_rent = 
floor(sumc(aggcons0_star[15:18]')+rent_ratio*sumc(aggcons0_star[30:33]'))
; 
                                             inherit_f= 
aggcons0_star[22];  
                                             inherit_h = 
aggcons0_star[26]; endif;  
        endif; 
 
adjustdp=1; 
 
skip_update: 
if (k==n_iter); stopj=1; price1 = price; endif; 
price=price1; 
k=k+1;  
goto loop1; 
 
print_run: 
 
format /rd 3,4; 
print 
"________________________________________________________________________
____"; 
print "Cohort model with  cpi = " picp picpi " and cohort growth =  " 
cohortgrowth; 
print "Restrictions: theta = " theta " delta = " delta;  
print "Key parameters."; 
print "Income profile " y1growth y2growth y3growth ; 
print "Income distribution: uniform on  " y0_pretax[1,1] y0_pretax[n,1]; 
print "Discount rate (annual) = "  beta^(1/term); 
print " tax rates " tax1 tax2; 
print "supply functions " " elastic" ;  
print "land utility " vv[1,.]; 
print "vv final period rental adjustment " vv_finalrent; 
 
print "inheritance " inherit';  
print "house numbers: " n_house " houses and " n_flat "flats";  
print; 
print "Prices:  flat = " pf0 " house = " ph0 " ratio " price[2] " rent = 
" rent_f    ; 
print "prices:  house inflation  (10 years) = " price[3]    " annual " 
price[3]^(1/term);  
print "prices:  nominal interest  (10 years)= " r_m    " annual " 
r_m^(1/term); 
print "prices:  real interest  (10 years)= " r_m/picpi    " annual " 
(r_m/picpi)^(1/term); 
print "Bond demand " aggcons[4];  
print "GST rate = " gst; 
 
print "excess demand j " k~ff0[.,1]'; 
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print ; 
/*print " quartile income, consumption and borrowing profiles "; 
profile = zeros(17,5); 
i = 0; do while i <= 3; 
    yindex = (i==0)+trunc((n*i)/4); 
    profile[1,i+1] = y0[yindex,1]; 
    profile[2:6,i+1] = c00[yindex,1:5]'; 
    profile[7:10,i+1] = c00[yindex,21:24]';  
    profile[11,i+1] = rent_own[800+yindex];  
    profile[12,i+1] = u00[yindex,2];     
    profile[13:17,i+1] 
=c00[yindex,6:10]'+2*c00[yindex,11:15]'+3*c00[yindex,16:20]';   
    i=i+1; endo; 
 
title_1 = zeros(17,1); 
title_1[1] = "income"; 
title_1[2] = "cons1 "; 
title_1[3] = "cons2 "; 
title_1[4] = "cons3 "; 
title_1[5] = "cons4 "; 
title_1[6] = "cons5 "; 
title_1[7] = "bond1 "; 
title_1[8] = "bond2 "; 
title_1[9] = "bond3 "; 
title_1[10] = "bond4 "; 
title_1[11] = "rental"; 
title_1[12] = "land_p"; 
title_1[13] = "land1"; 
title_1[14] = "land1"; 
title_1[15] = "land1"; 
title_1[16] = "land1"; 
title_1[17] = "land1"; 
mask = ones(1,6); mask[1] = 0; 
let fmt[6,3] = "-*.*s" 8 8   "*.*lf" 12 2   "*.*lf" 12 2   "*.*lf" 12 2  
"*.*lf" 12 2  "*.*lf" 12 2; 
format /rd 12,2; 
d1 = printfm(title_1~profile,mask,fmt);*/ 
 
print;  
print "fraction of cohort 0 that shares =             " 
sumc(c00[.,30])/n; 
print "fraction of cohort 0 that rents =              " 
sumc(c00[.,15])/n; 
print "fraction of cohort 0 that owns a small house = " 
sumc(c00[.,19])/n; 
print "fraction of cohort 0 that owns a big house =   " 
sumc(c00[.,23])/n; 
print "fraction of cohort 1 that shares =             " 
sumc(c00[.,31])/n; 
print "fraction of cohort 1 that rents =              " 
sumc(c00[.,16])/n;  
print "fraction of cohort 1 that owns a small house = " 
sumc(c00[.,20])/n;  
print "fraction of cohort 1 that owns a big house =   " 
sumc(c00[.,24])/n;  
print "fraction of cohort 2 that owns a small house = " 
sumc(c00[.,21])/n;  
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print "fraction of cohort 2 that owns a big house =   " 
sumc(c00[.,25])/n;  
print "fraction of cohort 3 that owns a small house = " 
sumc(c00[.,22])/n;  
print "fraction of cohort 3 that owns a big house =   " 
sumc(c00[.,26])/n;  
print "Number of rentals "  sumc(aggcons0[15:18]'); 
print "Number of shared rentals "  sumc(aggcons0[30:33]'); 
print "Total number of rentals "  
sumc(aggcons0[15:18]')+rent_ratio*sumc(aggcons0[30:33]'); 
print "number renting all of life " sumc(c00[.,28] .> 28) ;  
print "capital gains tax " 
sumc(c00[.,34])+sumc(c00[.,35])+sumc(c00[.,36]); 
print "land tax " land_tax*(ltax_hh*(aggcons[2] - 
aggcons0[27])*price_t[1,3]+ ltax_hh*aggcons[3]*price_t[1,4] + 
ltax_ll*aggcons0[27]*price_t[1,3]); 
print; 
format /rd 3,4; 
 
 
 
format /rd 3,6; 
print; 
print "pi= " picp picpi; 
print "tax= " tax1 tax2; 
print "supply = elastic";  
print theta; 
print delta; 
print n_house; 
print r_m^(1/term); 
print r_m; 
print aggcons[4]; 
print pf0; 
print ph0; 
print price[2]; 
print rent_f; 
print price[3]; 
print sumc(c00[.,30])/n; 
print sumc(c00[.,15])/n; 
print sumc(c00[.,19])/n; 
print sumc(c00[.,23])/n; 
print sumc(c00[.,31])/n; 
print sumc(c00[.,16])/n; 
print sumc(c00[.,20])/n; 
print sumc(c00[.,24])/n; 
print sumc(c00[.,21])/n; 
print sumc(c00[.,25])/n; 
print sumc(c00[.,22])/n; 
print sumc(c00[.,26])/n; 
print sumc(aggcons0[15:18]')+rent_ratio*sumc(aggcons0[30:33]'); 
print sumc(c00[.,28] .> 28) ; 
print  kk k; 
print n_house; 
print n_flat; 
print price[4]; 
print tax1; 
print tax2; 
print land_tax; 
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print cgt1; 
print cgt2; 
print aggcons0[5]; 
print aggcons0[6]; 
print aggcons0[7]; 
print aggcons0[8]; 
print aggcons0[9]; 
print aggcons0[10]; 
 
print aggcons0[8]/sumc(y0_pretax[.,1]); 
print aggcons0[9]/sumc(y0_pretax[.,2]); 
print aggcons0[10]/sumc(y0_pretax[.,3]); 
 
 
 
print "utilities"; 
utility[.,1] = y0[.,1]; 
utility[.,2] = c00[.,29]; 
utility[.,4] = c00[.,28]; 
utility[.,5] = ln(c00[.,1])               
+c00[.,15]*vv[1,2]+c00[.,19]*vv[1,3]+c00[.,23]*vv[1,4]+c00[.,30]*vv[1,1]; 
utility[.,6] = beta*ln(c00[.,2])          
+c00[.,16]*vv[2,2]+c00[.,20]*vv[2,3]+c00[.,24]*vv[2,4]+c00[.,31]*vv[2,1]; 
utility[.,7] = beta*beta*ln(c00[.,3])     
+c00[.,17]*vv[3,2]+c00[.,21]*vv[3,3]+c00[.,25]*vv[3,4]+c00[.,32]*vv[3,1]; 
utility[.,8] = 
beta*beta*beta*ln(c00[.,4])+c00[.,18]*vv[4,2]+c00[.,22]*vv[4,3]+c00[.,26]
*vv[4,4]+c00[.,33]*vv[4,1]; 
 
print utility[.,1:4]; 
print; print;  
print utility[.,5:8]; 
print ; print; 
format /rd 3,3; 
print c00[.,1:4]; 
print; print; 
format /rd 3,3; 
/*print   
(c00[.,15]*vv[1,2]+c00[.,19]*vv[1,3]+c00[.,23]*vv[1,4]+c00[.,30]*vv[1,1])
; 
        
(c00[.,16]*vv[1,2]+c00[.,20]*vv[1,3]+c00[.,24]*vv[1,4]+c00[.,31]*vv[1,1])
~ 
        
(c00[.,17]*vv[1,2]+c00[.,21]*vv[1,3]+c00[.,25]*vv[1,4]+c00[.,32]*vv[1,1])
~ 
        
(c00[.,18]*vv[1,2]+c00[.,22]*vv[1,3]+c00[.,26]*vv[1,4]+c00[.,33]*vv[1,1])
;*/ 
if(k==n_iter+1); deltaloop =deltaloop-1;kk=kk+1;  
else; kk = 1; endif;  
 
deltaloop=deltaloop+1; endo; 
 
thetaloop=thetaloop+1; endo;  
i_cpi = i_cpi+1; endo;  
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/************************************************************************
*********************************************** 
Proc optimal_c 
*************************************************************************
***********************************************/ 
 
proc (1) = optimal_c(ii, z0, z1, z2, z3, rr,r_p, picpi,picpi2, picpi3, 
beta, beta11, beta12, beta13, beta_pi, beta_pi3, bind0, bind1,  
land, index, vv, tax_i, gst, widow_tax, term_end, price_t, price_rate_t, 
rent_own, cgt_paid,real_landtax_paid,real_depreciation_paid);  
local jj,c0,c1,c2,c3, bp0, bp1, bp2, bm0, bm1, bm2,condition1, 
condition2, condition3, condition4, condition5, condition6, c_u_b;   
 
/************************************************************************
******************** 
jj=1: bp0>0, bp1>0, bp2>0; bm0=0 condition4<0, bm1=0 condition5 <0, bm2=0 
condition6<0  
*************************************************************************
*******************/ 
jj=1;       
c0 = (z0+1/rr[1,2]*(z1+1/rr[2,2]*(z2+z3/rr[3,2])))/beta13; 
c1 = beta_pi*rr[1,2]*c0; 
c2 = beta_pi*rr[2,2]*c1; 
c3 = beta_pi*rr[3,2]*c2; 
bp0 = z0-c0; 
bp1 = z1-c1*picpi+bp0*rr[1,2];  
bp2 = z2-c2*picpi2+bp1*rr[2,2];  
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
 
if ( (bp0>0)*(bp1>0)*(bp2>0)*(condition4 <0)*(condition5 < 0)*(condition6 
<0)  ==1 ); goto end_c_loop; endif; 
/************************************************************************
******************** 
jj=2: bp0=0 condition1 >0, bp1>0, bp2>0; bm0=0 condition4<0, bm1=0 
condition5 <0, bm2=0 condition6<0  
*************************************************************************
*******************/ 
jj=2;    
c0 = z0;  
c1 = (z1+1/rr[2,2]*(z2+z3/rr[3,2]))/(1+beta+beta*beta*term_end)/picpi; 
c2 = beta_pi*rr[2,2]*c1; 
c3 = beta_pi*rr[3,2]*c2; 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = z1-c1*picpi+bp0*rr[1,2];  
bp2 = z2-c2*picpi2+bp1*rr[2,2];  
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
 
if ( (condition1 >0)*(bp1>0)*(bp2>0)*(condition4 <0)*(condition5 < 
0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=3: bp0=0 condition1 >0, bp1>0, bp2>0; bm0>0, bm1=0 condition5 <0, 
bm2=0 condition6<0  
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*************************************************************************
*******************/ 
jj=3;       
c0 = (z0+1/rr[1,1]*(z1+1/rr[2,2]*(z2+z3/rr[3,2])))/beta13; 
c1 = beta_pi*rr[1,1]*c0; 
c2 = beta_pi*rr[2,2]*c1; 
c3 = beta_pi*rr[3,2]*c2; 
bm0 = c0-z0;  
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = z1-c1*picpi-bm0*rr[1,1];  
bp2 = z2-c2*picpi2+bp1*rr[2,2];  
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
 
if ( (condition1 >0)*(bp1>0)*(bp2>0)*(bm0 >0)*(bm0 <bind0)*(condition5 < 
0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=4: bp0=0 condition1 >0, bp1>0, bp2>0; bm0= limit condition 4 >0 , 
bm1=0 condition5 <0, bm2=0 condition 6 <0  
*************************************************************************
*******************/ 
jj=4;       
bm0 = bind0; 
c0 = z0+bm0; 
c1 = (z1-rr[1,1]*bm0+ 
1/rr[2,2]*(z2+z3/rr[3,2]))/(1+beta+beta*beta*term_end)/picpi; 
c2 = beta_pi*rr[2,2]*c1; 
c3 = beta_pi*rr[3,2]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = z1-c1*picpi-bm0*rr[1,1];  
bp2 = z2-c2*picpi2+bp1*rr[2,2];  
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
 
if ( (condition1 >0)*(bp1>0)*(bp2>0)*(condition4>0)*(condition5 < 
0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=5: bp0>0, bp1=0 condition2 >0, bp2>0; bm0= 0 condition 4 <0 , bm1=0 
condition5 <0, bm2=0 condition 6 <0  
*************************************************************************
*******************/ 
jj=5;       
c0 = (z0+ 1/rr[1,2]*z1)/beta11; 
c1 = beta_pi*rr[1,2]*c0; 
c2 = (z2+ 1/rr[3,2]*z3)/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,2]*c2; 
 
bp0 = z0-c0; 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = z2-c2*picpi2;  
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
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bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (bp0>0)*(condition2 >0)*(bp2>0)*(condition4 < 0)*(condition5 < 
0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=6: bp0=0 condition1 >0, bp1=0 condition2 >0, bp2>0; bm0= 0 condition4 
<0 , bm1=0 condition5 <0, bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=6;       
c0 = z0; 
c1 = z1/picpi; 
c2 = (z2+ 1/rr[3,2]*z3)/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,2]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = z2-c2*picpi2;  
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2 >0)*(bp2>0)*(condition4< 0)*(condition5 
< 0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=7: bp0=0 condition1 >0, bp1=0 condition2 >0, bp2>0; bm0>0 , bm1=0 
condition5 <0, bm2=0 condition 6 <0  
*************************************************************************
*******************/ 
jj=7;       
c0 = (z0+ 1/rr[1,1]*z1)/beta11; 
c1 = beta_pi*rr[1,1]*c0; 
c2 = (z2+ 1/rr[3,2]*z3)/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,2]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = z2-c2*picpi2;  
bm0 = c0-z0;  
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2 >0)*(bp2>0)*(bm0>0)*(bm0 
<bind0)*(condition5 < 0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=8: bp0=0 condition1 >0, bp1=0 condition2 >0, bp2>0; bm0=bind 
condition4>0 , bm1=0 condition5 <0, bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=8;       
 
bm0 = bind0; 
c0 = z0+bm0; 
c1 = (z1-rr[1,1]*bm0)/picpi; 
c2 = (z2+ 1/rr[3,2]*z3)/(1+beta*term_end)/picpi2; 
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c3 = beta_pi*rr[3,2]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = z2-c2*picpi2;  
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
 
if ( (condition1 >0)*(condition2>0)*(bp2>0)*(condition4>0)*(condition5 < 
0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=9: bp0>0 , bp1=0 condition2 >0, bp2>0; bm0=0 condition4 <0 , bm1>0 , 
bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=9;       
 
c0 = (z0+1/rr[1,2]*(z1+1/rr[2,1]*(z2+z3/rr[3,2])))/beta13; 
c1 = beta_pi*rr[1,2]*c0; 
c2 = beta_pi*rr[2,1]*c1; 
c3 = beta_pi*rr[3,2]*c2; 
bp0 = z0-c0; 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = z2-c2*picpi2-bm1*rr[2,1];  
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = c1*picpi-z1-rr[1,2]*bp0; 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
 
if ( (bp0>0)*(condition2>0)*(bp2>0)*(condition4<0)*(bm1>0)*(bm1 
<bind1)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=10: bp0 =0 condition1 >0 , bp1=0 condition2 >0, bp2>0; bm0=0 
condition4 <0 , bm1>0 , bm2=0 condition 6 <0  
*************************************************************************
*******************/ 
jj=10;       
 
c0 = z0;  
c1 = (z1+1/rr[2,1]*(z2+z3/rr[3,2]))/(1+beta+beta*beta*term_end)/picpi; 
c2 = beta_pi*rr[2,1]*c1; 
c3 = beta_pi*rr[3,2]*c2; 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = c1*picpi-z1;  
bp2 = z2-c2*picpi2-bm1*rr[2,1];  
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
 
if ( (condition1 >0)*(condition2>0 )*(bp2>0)*(condition4 <0)*(bm1>0 
)*(bm1 <bind1)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
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/************************************************************************
******************* 
jj=11: bp0 =0 condition1 >0 , bp1=0 condition2 >0, bp2>0; bm0>0 , bm1>0 , 
bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=11;       
 
c0 = (z0+1/rr[1,1]*(z1+1/rr[2,1]*(z2+z3/rr[3,2])))/beta13; 
c1 = beta_pi*rr[1,1]*c0; 
c2 = beta_pi*rr[2,1]*c1; 
c3 = beta_pi*rr[3,2]*c2; 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
 
bm0 = c0-z0;  
bm1 = c1*picpi-z1+rr[1,1]*bm0;  
bp2 = z2-c2*picpi2-bm1*rr[2,1];  
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
 
if ( (condition1 >0)*(condition2>0 )*(bp2>0)*(bm0>0)*(bm0 <bind0)*(bm1>0 
)*(bm1 <bind1)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=12: bp0 =0 condition1 >0 , bp1=0 condition2 >0, bp2>0; bm0= limit 
condition4 >0 , bm1>0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=12;       
 
bm0 = bind0; 
c0 = z0+bm0; 
c1 = (z1 - rr[1,1]*bm0 
+1/rr[2,1]*(z2+z3/rr[3,2]))/(1+beta+beta*beta*term_end)/picpi; 
c2 = beta_pi*rr[2,1]*c1; 
c3 = beta_pi*rr[3,2]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = c1*picpi-z1+rr[1,1]*bm0;  
 
bp2 = z2-c2*picpi2- rr[2,1]*bm1;  
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2>0)*(bp2>0)*(condition4>0)*(bm1>0)*(bm1 
<bind1)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=13: bp0>0 , bp1=0 condition2 >0, bp2>0; bm0=0 condition4 <0 , bm1 = 
limit condition5 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=13;       
 
bm1 = bind1; 
c0 = (z0+1/rr[1,2]*(z1+bm1))/beta11; 
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c1 = beta_pi*rr[1,2]*c0; 
c2 = (z2-rr[2,1]*bm1 +z3/rr[3,2])/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,2]*c2; 
 
bp0 = z0-c0; 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = z2-c2*picpi2-bm1*rr[2,1];  
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( 
(bp0>0)*(condition2>0)*(bp2>0)*(condition4<0)*(condition5>0)*(condition6 
<0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=14: bp0=0 condition1 >0 , bp1=0 condition2 >0, bp2>0; bm0=0 condition4 
<0 , bm1 = limit condition5 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=14;       
 
bm1 = bind1; 
c0 = z0;  
c1 = (z1+bm1)/picpi; 
c2 = (z2-rr[2,1]*bm1 +z3/rr[3,2])/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,2]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = z2-c2*picpi2-bm1*rr[2,1];  
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 
>0)*(condition2>0)*(bp2>0)*(condition4<0)*(condition5>0)*(condition6 <0)  
==1 ); goto end_c_loop; endif; 
 
 
/************************************************************************
******************** 
jj=15: bp0=0 condition1 >0 , bp1=0 condition2 >0, bp2>0; bm0>0 , bm1 = 
limit condition5 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=15;       
 
bm1 = bind1; 
c0 = (z0+1/rr[1,1]*(z1+bm1))/beta11; 
c1 = beta_pi*rr[1,1]*c0; 
c2 = (z2-rr[2,1]*bm1 +z3/rr[3,2])/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,2]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = z2-c2*picpi2-bm1*rr[2,1];  
bm0 = c0-z0; 
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
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bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2>0)*(bp2>0)*(bm0>0)*(bm0 
<bind0)*(condition5>0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=16: bp0=0 condition1 >0 , bp1=0 condition2 >0, bp2>0; bm0= limit 
condition4 >0 , bm1 = limit condition5 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=16;       
 
bm0 = bind0; 
bm1 = bind1; 
c0 = z0+bm0;  
c1 = (z1-rr[1,1]*bm0+bm1)/picpi; 
c2 = (z2-rr[2,1]*bm1 +z3/rr[3,2])/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,2]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = z2-c2*picpi2-bm1*rr[2,1];  
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2>0)*(bp2>0)*(condition4 
>0)*(condition5>0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
 
/************************************************************************
******************** 
jj=17: bp0>0 , bp1>0 , bp2=0 condition3 >0; bm0= 0 condition4 <0 , bm1 = 
0 condition5 <0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=17;       
 
c0 = (z0+1/rr[1,2]*(z1+1/rr[2,2]*z2))/beta12; 
c1 = beta_pi* rr[1,2]*c0; 
c2 = beta_pi* rr[2,2]*c1; 
c3 = z3/picpi3/(term_end); 
 
bp0 = z0-c0;  
bp1 = z1-c1*picpi+rr[1,2]*bp0;  
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (bp0>0)*(bp1>0)*(condition3 >0)*(condition4 
<0)*(condition5<0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=18: bp0=0 condition1 >0, bp1>0 , bp2=0 condition3 >0; bm0= 0 
condition4 <0 , bm1 = 0 condition5 <0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=18;       
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c0 = z0; 
c1 = (z1+z1/rr[2,2])/beta11/picpi; 
c2 = beta_pi* rr[2,2]*c1; 
c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = z1-c1*picpi; 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(bp1>0)*(condition3 >0)*(condition4 
<0)*(condition5<0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
 
/************************************************************************
******************** 
jj=19: bp0=0 condition1 >0, bp1>0 , bp2=0 condition3 >0; bm0>0  , bm1 = 0 
condition5 <0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=19;       
 
c0 = (z0+1/rr[1,1]*(z1+1/rr[2,2]*z2))/beta12; 
c1 = beta_pi* rr[1,1]*c0; 
c2 = beta_pi* rr[2,2]*c1; 
c3 = z3/picpi3/(term_end); 
 
bm0 = c0-z0; 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = z1-c1*picpi- rr[1,1]*bm0; 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = c0-z0; 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(bp1>0)*(condition3 >0)*(bm0>0)*(bm0 
<bind0)*(condition5<0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=20: bp0=0 condition1 >0, bp1>0 , bp2=0 condition3 >0; bm0=limit 
condition4 >0 , bm1 = 0 condition5 <0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=20;       
 
bm0 = bind0; 
c0 = z0+bm0; 
c1 = ((z1-rr[1,1]*bm0) + z2/rr[2,2])/beta11/picpi; 
c2 = beta_pi* rr[2,2]*c1; 
c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = z1-c1*picpi- rr[1,1]*bm0; 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
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bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(bp1>0)*(condition3 >0)*(condition4 >0 
)*(condition5<0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=21: bp0>0 , bp1=0 condition2 >0 , bp2=0 condition3 >0; bm0=0 
condition4 <0 , bm1 = 0 condition5 <0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=21;       
 
c0 = (z0+z1/rr[1,2])/beta11; 
c1 = beta_pi* rr[1,2]*c0; 
c2 = z2/picpi2; 
c3 = z3/picpi3/(term_end); 
 
bp0 = z0-c0;  
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (bp0 >0)*(condition2 >0)*(condition3 >0)*(condition4 <0 
)*(condition5<0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=22: bp0 = 0  condition1 > 0 , bp1=0 condition2 >0 , bp2=0 condition3 
>0; bm0=0 condition4 <0 , bm1 = 0 condition5 <0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=22;       
 
c0 = z0; 
c1 = z1/picpi; 
c2 = z2/picpi2; 
c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2 >0)*(condition3 >0)*(condition4 <0 
)*(condition5<0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=23: bp0 = 0  condition1 > 0 , bp1=0 condition2 >0 , bp2=0 condition3 
>0; bm0>0 , bm1 = 0 condition5 <0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=23;       
 
c0 = (z0+z1/rr[1,1])/beta11; 
c1 = beta_pi* rr[1,1]*c0; 
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c2 = z2/picpi2; 
c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = c0-z0; 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2 >0)*(condition3 >0)*(bm0>0)*(bm0 
<bind0)*(condition5<0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=24: bp0 = 0  condition1 > 0 , bp1=0 condition2 >0 , bp2=0 condition3 
>0; bm0 =limit condition4 >0 , bm1 = 0 condition5 <0 , bm2=0 condition6 
<0  
*************************************************************************
*******************/ 
jj=24;       
 
bm0 = bind0; 
c0 = z0+bm0; 
c1 = (z1-rr[1,1]*bm0)/picpi; 
c2 = z2/picpi2; 
c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2 >0)*(condition3 >0)*(condition4 
>0)*(condition5<0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=25: bp0 >0 , bp1=0 condition2 >0 , bp2=0 condition3 >0; bm0 =0 
condition4 <0 , bm1 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=25;       
 
c0 = (z0+1/rr[1,2]*(z1+1/rr[2,1]*z2))/beta12; 
c1 = beta_pi* rr[1,2]*c0; 
c2 = beta_pi* rr[2,1]*c1; 
c3 = z3/picpi3/(term_end); 
 
bp0 = z0-c0;  
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = c1*picpi-z1-rr[1,2]*bp0;  
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (bp0>0)*(condition2>0)*(condition3 >0)*(condition4 <0)*(bm1>0)*(bm1 
<bind1)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
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/************************************************************************
******************** 
jj=26: bp0 =0 condition1 >0 , bp1=0 condition2 >0 , bp2=0 condition3 >0; 
bm0 =0 condition4 <0 , bm1 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=26;       
 
c0 = z0; 
c1 = (z1+z2/rr[2,1])/beta11/picpi; 
c2 = beta_pi* rr[2,1]*c1; 
c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0);  
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = c1*picpi-z1; 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2>0)*(condition3 >0)*(condition4 
<0)*(bm1>0)*(bm1 <bind1)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
 
/************************************************************************
******************** 
jj=27: bp0 =0 condition1 >0 , bp1=0 condition2 >0 , bp2=0 condition3 >0; 
bm0 >0 , bm1 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=27;       
 
c0 = (z0+1/rr[1,1]*(z1+1/rr[2,1]*z2))/beta12; 
c1 = beta_pi* rr[1,1]*c0; 
c2 = beta_pi* rr[2,1]*c1; 
c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0);  
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = c0-z0; 
bm1 = c1*picpi-z1+rr[1,1]*bm0; 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2>0)*(condition3 >0)*(bm0>0)*(bm0 
<bind0)*(bm1>0)*(bm1 <bind1)*(condition6 <0)  ==1 ); goto end_c_loop; 
endif; 
 
/************************************************************************
******************** 
jj=28: bp0 =0 condition1 >0 , bp1=0 condition2 >0 , bp2=0 condition3 >0; 
bm0 =limit condition4 >0 , bm1 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=28;       
 
bm0 = bind0; 
c0 = z0+bm0; 
c1 = ((z1-rr[1,1]*bm0) + z2/rr[2,1])/beta11/picpi; 
c2 = beta_pi* rr[2,1]*c1; 
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c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0);  
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0);  
bm1 = c1*picpi-z1+rr[1,1]*bm0; 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1 >0)*(condition2>0)*(condition3 >0)*(condition4 
>0)*(bm1>0)*(bm1 <bind1)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=29: bp0 >0 , bp1=0 condition2 >0 , bp2=0 condition3 >0; bm0 = 0 
condition4 <0 , bm1 =limit condition5 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=29;       
 
bm1 = bind1; 
c0 = (z0+1/rr[1,2]*(z1+bm1))/beta11; 
c1 = beta_pi* rr[1,2]*c0; 
c2 = (z2-rr[2,1]*bm1)/picpi2;  
c3 = z3/picpi3/(term_end); 
 
bp0 = z0-c0; 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0);  
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (bm0>0)*(condition2>0)*(condition3 >0)*(condition4 <0)*(condition5 
>0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=30: bp0 =0 condition1 >0 , bp1=0 condition2 >0 , bp2=0 condition3 >0; 
bm0 = 0 condition4 <0 , bm1 =limit condition5 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=30;       
 
bm1 = bind1; 
c0 = z0;  
c1 = (z1+bm1)/picpi;  
c2 = (z2-rr[2,1]*bm1)/picpi2; 
c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0);  
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1>0)*(condition2>0)*(condition3 >0)*(condition4 
<0)*(condition5 >0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
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/************************************************************************
******************** 
jj=31: bp0 =0 condition1 >0 , bp1=0 condition2 >0 , bp2=0 condition3 >0; 
bm> 0 , bm1 =limit condition5 >0 , bm2=0 condition6 <0  
*************************************************************************
*******************/ 
jj=31;       
 
bm1 = bind1; 
c0 = (z0+1/rr[1,1]*(z1+bm1))/beta11; 
c1 = beta_pi* rr[1,1]*c0; 
c2 = (z2-rr[2,1]*bm1)/picpi2;  
c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = c0-z0;  
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1>0)*(condition2>0)*(condition3 >0)*(bm0 >0)*(bm0 
<bind0)*(condition5 >0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=32: bp0 =0 condition1 >0 , bp1=0 condition2 >0 , bp2=0 condition3 >0; 
bm0 = limit condition4> 0 , bm1 =limit condition5 >0 , bm2=0 condition6 
<0  
*************************************************************************
*******************/ 
jj=32;       
 
bm0 = bind0; 
bm1 = bind1; 
c0 = z0+bm0; 
c1 = (z1+bm1 - rr[1,1]*bm0)/picpi; 
c2 = (z2-rr[2,1]*bm1)/picpi2; 
c3 = z3/picpi3/(term_end); 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = 0; condition6 = (c3-rr[3,1]*beta_pi*c2); 
if ( (condition1>0)*(condition2>0)*(condition3 >0)*(condition4 
>0)*(condition5 >0)*(condition6 <0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=33: bp0>0, bp1>0, bp2=0 condition 3 >0; bm0=0 condition4<0, bm1=0 
condition5 <0, bm2>0  
*************************************************************************
*******************/ 
jj=33;       
c0 = (z0+1/rr[1,2]*(z1+1/rr[2,2]*(z2+z3/rr[3,1])))/beta13; 
c1 = beta_pi*rr[1,2]*c0; 
c2 = beta_pi*rr[2,2]*c1; 
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c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = z0-c0; 
bp1 = z1-c1*picpi+bp0*rr[1,2];  
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2-bp1*rr[2,2];  
if ( (bp0>0)*(bp1>0)*(condition3>0)*(condition4 <0)*(condition5 < 
0)*(bm2>0)  ==1 ); goto end_c_loop; endif; 
/************************************************************************
******************** 
jj=34: bp0=0 condition1 >0, bp1>0, bp2=0 condition3 >0 ; bm0=0 
condition4<0, bm1=0 condition5 <0, bm2>0 
*************************************************************************
*******************/ 
jj=34;    
c0 = z0;  
c1 = (z1+1/rr[2,2]*(z2+z3/rr[3,1]))/(1+beta+beta*beta*term_end)/picpi; 
c2 = beta_pi*rr[2,2]*c1; 
c3 = beta_pi*rr[3,1]*c2; 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = z1-c1*picpi;  
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2-bp1*rr[2,2];  
if ( (condition1 >0)*(bp1>0)*(condition3 >0)*(condition4 <0)*(condition5 
< 0)*(bm2>0) ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=35: bp0=0 condition1 >0, bp1>0, bp2= 0 condition 3; bm0>0, bm1=0 
condition5 <0, bm2>0 
*************************************************************************
*******************/ 
jj=35;       
c0 = (z0+1/rr[1,1]*(z1+1/rr[2,2]*(z2+z3/rr[3,1])))/beta13; 
c1 = beta_pi*rr[1,1]*c0; 
c2 = beta_pi*rr[2,2]*c1; 
c3 = beta_pi*rr[3,1]*c2; 
bm0 = c0-z0; 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = z1-c1*picpi-bm0*rr[1,1];  
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2-bp1*rr[2,2];  
if ( (condition1 >0)*(bp1>0)*(condition3 >0)*(bm0 >0)*(bm0 
<bind0)*(condition5 < 0)*(bm2 >0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=36: bp0=0 condition1 >0, bp1>0, bp2=0 condition3 > 0 ; bm0= limit 
condition 4 >0 , bm1=0 condition5 <0, bm2>0 
*************************************************************************
*******************/ 
jj=36;       
bm0 = bind0; 
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c0 = z0+bm0; 
c1 = (z1-rr[1,1]*bm0+ 
1/rr[2,2]*(z2+z3/rr[3,1]))/(1+beta+beta*beta*term_end)/picpi; 
c2 = beta_pi*rr[2,2]*c1; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = z1-c1*picpi-bm0*rr[1,1];  
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2-bp1*rr[2,2]; 
if ( (condition1 >0)*(bp1>0)*(condition3>0)*(condition4>0)*(condition5 < 
0)*(bm2>0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=37: bp0>0, bp1=0 condition2 >0, condition3 >0; bm0= 0 condition 4 <0 , 
bm1=0 condition5 <0, bm2>0  
*************************************************************************
*******************/ 
jj=37;       
c0 = (z0+ 1/rr[1,2]*z1)/beta11; 
c1 = beta_pi*rr[1,2]*c0; 
c2 = (z2+ 1/rr[3,1]*z3)/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = z0-c0; 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2; 
if ( (bp0>0)*(condition2 >0)*(condition3>0)*(condition4 < 0)*(condition5 
< 0)*(bm2>0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=38: bp0=0 condition1 >0, bp1=0 condition2 >0, condition3 >0; bm0= 0 
condition4 <0 , bm1=0 condition5 <0, bm2>0 
*************************************************************************
*******************/ 
jj=38;       
c0 = z0; 
c1 = z1/picpi; 
c2 = (z2+ 1/rr[3,1]*z3)/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2; 
if ( (condition1 >0)*(condition2 >0)*(condition3>0)*(condition4< 
0)*(condition5 < 0)*(bm2>0)  ==1 ); goto end_c_loop; endif; 
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/************************************************************************
******************** 
jj=39: bp0=0 condition1 >0, bp1=0 condition2 >0, condition3 >0; bm0>0 , 
bm1=0 condition5 <0, bm2>0 
*************************************************************************
*******************/ 
jj=39;       
c0 = (z0+ 1/rr[1,1]*z1)/beta11; 
c1 = beta_pi*rr[1,1]*c0; 
c2 = (z2+ 1/rr[3,1]*z3)/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = c0-z0;  
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2; 
if ( (condition1 >0)*(condition2 >0)*(condition3>0)*(bm0>0)*(bm0 
<bind0)*(condition5 < 0)*(bm2>0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=40: bp0=0 condition1 >0, bp1=0 condition2 >0, condition3 >0; bm0=bind 
condition4>0 , bm1=0 condition5 <0, bm2>0 
*************************************************************************
*******************/ 
jj=40;       
 
bm0 = bind0; 
c0 = z0+bm0; 
c1 = (z1-rr[1,1]*bm0)/picpi; 
c2 = (z2+ 1/rr[3,1]*z3)/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = 0; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2; 
if ( (condition1 
>0)*(condition2>0)*(condition3>0)*(condition4>0)*(condition5 < 0)*(bm2>0)  
==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=41: bp0>0 , bp1=0 condition2 >0, condition3>0; bm0=0 condition4 <0 , 
bm1>0 , bm2>0 
*************************************************************************
*******************/ 
jj=41;       
 
c0 = (z0+1/rr[1,2]*(z1+1/rr[2,1]*(z2+z3/rr[3,1])))/beta13; 
c1 = beta_pi*rr[1,2]*c0; 
c2 = beta_pi*rr[2,1]*c1; 
c3 = beta_pi*rr[3,1]*c2; 
bp0 = z0-c0; 
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bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = c1*picpi-z1-rr[1,2]*bp0; 
bm2 = c2*picpi2-z2+rr[2,1]*bm1;  
 
if ( (bp0>0)*(condition2>0)*(condition3>0)*(condition4<0)*(bm1>0)*(bm1 
<bind1)*(bm2>0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=42: bp0 =0 condition1 >0 , bp1=0 condition2 >0, condition3 >0 ; bm0=0 
condition4 <0 , bm1>0 , bm2>0 
*************************************************************************
*******************/ 
jj=42;       
 
c0 = z0;  
c1 = (z1+1/rr[2,1]*(z2+z3/rr[3,1]))/(1+beta+beta*beta*term_end)/picpi; 
c2 = beta_pi*rr[2,1]*c1; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = c1*picpi-z1;  
bm2 = c2*picpi2-z2+rr[2,1]*bm1;  
if ( (condition1 >0)*(condition2>0 )*(condition3 >0)*(condition4 
<0)*(bm1>0 )*(bm1 <bind1)*(bm2>0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=43: bp0 =0 condition1 >0 , bp1=0 condition2 >0, condition3>0; bm0>0 , 
bm1>0 , bm2>0 
*************************************************************************
*******************/ 
jj=43;       
 
c0 = (z0+1/rr[1,1]*(z1+1/rr[2,1]*(z2+z3/rr[3,1])))/beta13; 
c1 = beta_pi*rr[1,1]*c0; 
c2 = beta_pi*rr[2,1]*c1; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = c0-z0;  
bm1 = c1*picpi-z1+rr[1,1]*bm0;  
bm2 = c2*picpi2-z2+rr[2,1]*bm1;  
if ( (condition1 >0)*(condition2>0 )*(condition3 >0)*(bm0>0)*(bm0 
<bind0)*(bm1>0 )*(bm1 <bind1)*(bm2>0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=44: bp0 =0 condition1 >0 , bp1=0 condition2 >0, condition3>0; bm0= 
limit condition4 >0 , bm1>0 , bm2>0 
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*************************************************************************
*******************/ 
jj=44;       
 
bm0 = bind0; 
c0 = z0+bm0; 
c1 = (z1 - rr[1,1]*bm0 
+1/rr[2,1]*(z2+z3/rr[3,1]))/(1+beta+beta*beta*term_end)/picpi; 
c2 = beta_pi*rr[2,1]*c1; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = c1*picpi-z1+rr[1,1]*bm0;  
bm2 = c2*picpi2-z2+rr[2,1]*bm1;  
if ( (condition1 
>0)*(condition2>0)*(condition3>0)*(condition4>0)*(bm1>0)*(bm1 
<bind1)*(bm2 >0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=45: bp0>0 , bp1=0 condition2 >0, condition3 >0; bm0=0 condition4 <0 , 
bm1 = limit condition5 >0 , bm2>0 
*************************************************************************
*******************/ 
jj=45;       
 
bm1 = bind1; 
c0 = (z0+1/rr[1,2]*(z1+bm1))/beta11; 
c1 = beta_pi*rr[1,2]*c0; 
c2 = (z2-rr[2,1]*bm1 +z3/rr[3,1])/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = z0-c0; 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2+rr[2,1]*bm1;  
if ( 
(bp0>0)*(condition2>0)*(condition3>0)*(condition4<0)*(condition5>0)*(bm2 
>0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=46: bp0=0 condition1 >0 , bp1=0 condition2 >0, condition3>0; bm0=0 
condition4 <0 , bm1 = limit condition5 >0 , bm2>0 
*************************************************************************
*******************/ 
jj=46;       
 
bm1 = bind1; 
c0 = z0;  
c1 = (z1+bm1)/picpi; 
c2 = (z2-rr[2,1]*bm1 +z3/rr[3,1])/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,1]*c2; 
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bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = 0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2+rr[2,1]*bm1;  
if ( (condition1 
>0)*(condition2>0)*(condition3>0)*(condition4<0)*(condition5>0)*(bm2 >0)  
==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=47: bp0=0 condition1 >0 , bp1=0 condition2 >0, condition3>0; bm0>0 , 
bm1 = limit condition5 >0 , bm2>0 
*************************************************************************
*******************/ 
jj=47;       
 
bm1 = bind1; 
c0 = (z0+1/rr[1,1]*(z1+bm1))/beta11; 
c1 = beta_pi*rr[1,1]*c0; 
c2 = (z2-rr[2,1]*bm1 +z3/rr[3,1])/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = c0-z0; 
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2+rr[2,1]*bm1;  
if ( (condition1 >0)*(condition2>0)*(condition3 >0 )*(bm0>0)*(bm0 
<bind0)*(condition5>0)*(bm2 >0)  ==1 ); goto end_c_loop; endif; 
 
/************************************************************************
******************** 
jj=48: bp0=0 condition1 >0 , bp1=0 condition2 >0, condition3 >0; bm0= 
limit condition4 >0 , bm1 = limit condition5 >0 , bm2>0 
*************************************************************************
*******************/ 
jj=48;       
 
bm0 = bind0; 
bm1 = bind1; 
c0 = z0+bm0;  
c1 = (z1-rr[1,1]*bm0+bm1)/picpi; 
c2 = (z2-rr[2,1]*bm1 +z3/rr[3,1])/(1+beta*term_end)/picpi2; 
c3 = beta_pi*rr[3,1]*c2; 
 
bp0 = 0; condition1 = (c1-rr[1,2]*beta_pi*c0); 
bp1 = 0; condition2 = (c2-rr[2,2]*beta_pi*c1); 
bp2 = 0; condition3 = (c3-rr[3,2]*beta_pi*c2); 
bm0 = bind0; condition4 = (c1-rr[1,1]*beta_pi*c0); 
bm1 = bind1; condition5 = (c2-rr[2,1]*beta_pi*c1); 
bm2 = c2*picpi2-z2+rr[2,1]*bm1;  
if ( (condition1 >0)*(condition2>0)*(condition3 >0)*(condition4 
>0)*(condition5>0)*(bm2 >0)  ==1 ); goto end_c_loop; endif; 
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end_c_loop:  
c_u_b = zeros(20,1); 
c_u_b[1] = c0; 
c_u_b[2] = c1; 
c_u_b[3] = c2; 
c_u_b[4] = c3; 
c_u_b[5] = bp0; 
c_u_b[6] = bp1; 
c_u_b[7] = bp2; 
c_u_b[8] = bm0; 
c_u_b[9] = bm1; 
c_u_b[10] = bm2; 
c_u_b[11] = bp0*(r_p-widow_tax)*tax_i[1] + cgt_paid[1]/(1+gst); 
c_u_b[12] = bp1*(r_p-widow_tax)*tax_i[2] + 
rent_own[800+ii]*(price_rate_t[3,2]-
price_t[3,3]*(depreciate+ltax_ll*land_tax))*tax_i[2]/(1+gst)  
           +cgt_paid[2]/(1+gst); 
c_u_b[13] = bp2*(r_p-widow_tax)*tax_i[3] - 
rent_own[800+ii]*price_t[3,3]*(r_p-
widow_tax)*tax_i[3]/(1+gst)+cgt_paid[3]/(1+gst); 
c_u_b[14] = jj; 
c_u_b[15] = ln(c0)+ beta*ln(c1)+beta2*ln(c2)+ beta3*ln(c3) 
          + land[index:(index+3),1]'*vv[.,1]+ 
land[index:(index+3),2]'*vv[.,2]+ land[index:(index+3),3]'*vv[.,3] 
+land[index:(index+3),4]'*vv[.,4]; 
if( abs(real(c_u_b[15])-c_u_b[15]) > 0.0001); c_u_b[15] = 0; endif; 
c_u_b[16] = cgt_paid[1]; 
c_u_b[17] = cgt_paid[2]; 
c_u_b[18] = cgt_paid[3]; 
c_u_b[19] = real_landtax_paid; 
c_u_b[20] = real_depreciation_paid; 
retp(c_u_b);  
endp; 
 
 
/************************************************************************
************************************ 
proc aggregate 
This calculates the following aggregates:  
Row 1 : aggregate total consumption 
Row 2: aggregate demand for flats  
Row 3: aggregate demand for houses 
Row 4: aggregate lending overseas (with an adjustment for borrowing to 
buy leased houses and reverse mortgages) 
Row 5: aggregate tax paid. 
*************************************************************************
***********************************/ 
 
proc (2) = aggregate(c00, cohortgrowth, picpi,gst, term_end, 
reverse_frac, price_t, rent_ratio); 
local aggcons0, aggcons, n_landlord; 
aggcons= zeros(5,1); 
aggcons0= sumc(c00)';  
aggcons[1] = aggcons0[1]+aggcons0[2]/cohortgrowth + 
aggcons0[3]/cohortgrowth^2+ term_end*aggcons0[4]/cohortgrowth^3; 
aggcons[2] = 
aggcons0[15]+aggcons0[16]+aggcons0[17]+term_end*aggcons0[18]+aggcons0[19]
+aggcons0[20]+aggcons0[21]+term_end*aggcons0[22] 
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           + 
rent_ratio*(aggcons0[30]+aggcons0[31]+aggcons0[32]+term_end*aggcons0[33])
; 
aggcons[3] = 
aggcons0[23]+aggcons0[24]+aggcons0[25]+term_end*aggcons0[26]; 
aggcons[4] = (aggcons0[5]-aggcons0[8]) +(aggcons0[6]-
aggcons0[9])/cohortgrowth/picpi+(aggcons0[7]-
aggcons0[10])/(cohortgrowth*picpi)^2 
             - (aggcons0[27]*price_t[1,3])/(1+gst) - 
(aggcons0[22]*price_t[1,3]+aggcons0[26]*price_t[1,4])*reverse_frac/(1+gst
); 
aggcons[5] = 
((aggcons0[11]/cohortgrowth/picpi+aggcons0[12]/(cohortgrowth*picpi)^2 + 
aggcons0[13]/(cohortgrowth*picpi)^3))*(1+gst)+gst*aggcons[1] 
            + aggcons0[37]; 
retp(aggcons0, aggcons); 
endp; 
 
proc (1)= 
evaluate(aggcons,r_m,tot_yt0,n_house,n_flat,picpi,tax_take0,alpha_t, 
price_t,depreciate, aggcons0); 
local ff; 
ff=zeros(4,1); 
ff[1] = (aggcons[1]+aggcons0[38]+ aggcons[5]- 
(1+gst)*aggcons[4]*(r_m/picpi-1)- tot_yt0)/tot_yt0; 
ff[2] = (aggcons[3] +aggcons[2] - n_house - n_flat)/(4*n); 
ff[3] = (aggcons[3] - n_house)/n_house; 
ff[4] = (aggcons[5]-tax_take0)/tax_take0/alpha_t; 
retp(ff); 
endp; 
 
 
proc (2)= house_number(pf0,ph0,supply_fhinv,a0_f,a0_h); 
local price_fh, number_fh; 
price_fh = zeros(2,1); 
price_fh[1] = pf0-a0_f; 
price_fh[2] = ph0-a0_f-a0_h; 
 
number_fh = round(supply_fhinv*price_fh); 
retp(number_fh[1], number_fh[2]); 
endp; 
 
/************************************************************************
************* 
proc loop_all 
This calculates the optimal consumption paths for all n people in a 
cohort,  
for any given price vector.  
*************************************************************************
************/ 
 
proc (1)= loop_all(n, rr, r_p, r_p1, r_p2, y0, tax_thresh, tax1, tax2, 
tax_i,  
theta, price_t, price_rate_t, land_opt, land, delta, mort_prem, inherit, 
inherit_h, inherit_f, inherit_hh, inherit_ff, inherit_flag, reverse_frac, 
picpi, picpi2, picpi3, rent_own, beta, beta11, beta12, beta13, beta_pi, 
beta_pi3, vv, gst, widow_tax, term_end, depreciate, land_tax, ltax_hh, 
ltax_ll, 
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cgt1, cgt2, cgt_ll, cgt_hh ); 
 
local ii, indexk, index, bind0a, bind0b, bind0c, bind0, bind0ind,  
bind1a, bind1b, bind1c, bind1, bind1ind, inherit_adjust, z0, z1, z2, z3, 
c_u_b_options, 
max_index, max_indexl, c00, cgt_paid, land_tax_paid, depreciation_paid; 
 
c_u_b_options=zeros(20,land_opt); 
c00=zeros(n,38); 
cgt_paid = zeros(3,1); 
land_tax_paid = zeros(5,1); 
depreciation_paid = zeros(5,1); 
 
ii = 1; do while ii <= n;  
 
     rr[1,2] = r_p1 + (r_p2 - r_p1)*(y0[ii,2]> tax_thresh*picpi); 
     rr[2,2] = r_p1 + (r_p2 - r_p1)*(y0[ii,3]> tax_thresh*picpi2); 
     rr[3,2] = r_p1 + (r_p2 - r_p1)*(y0[ii,4]> tax_thresh*picpi3); 
 
     tax_i[1] = tax1 +(y0[ii,2]> tax_thresh*picpi)*(tax2-tax1); 
     tax_i[2] = tax1 +(y0[ii,3]> tax_thresh*picpi2)*(tax2-tax1); 
     tax_i[3] = tax1 +(y0[ii,4]> tax_thresh*picpi3)*(tax2-tax1); 
 
 
     cgtax_i[1] = cgt1 +(y0[ii,2]> tax_thresh*picpi)*(cgt2-cgt1); 
     cgtax_i[2] = cgt1 +(y0[ii,3]> tax_thresh*picpi2)*(cgt2-cgt1); 
     cgtax_i[3] = cgt1 +(y0[ii,4]> tax_thresh*picpi3)*(cgt2-cgt1); 
 
 
indexk = 1; do while indexk <=land_opt; 
    index = (indexk-1)*4+1;  
    bind0a = theta*price_t[1,3:4]*land[index,3:4]'/(1+gst);  
    bind0b = delta*y0[ii,1]*rr[1,1]/(rr[1,1]-1)/mort_prem/(1+gst); 
    bind0c = minc(bind0a|bind0b);  
    bind0 = bind0c*(rr[1,1]-(rr[1,1]-1)*mort_prem)/rr[1,1]; 
    bind0ind = minindc(bind0a|bind0b); 
    bind1a = theta*price_t[2,3:4]*land[index+1,3:4]'/(1+gst); 
    bind1b = delta*y0[ii,2]*picpi*rr[2,1]/(rr[2,1]-1)/mort_prem/(1+gst); 
    bind1c = minc(bind1a|bind1b); 
    bind1 = bind1c*(rr[2,1]-(rr[2,1]-1)*mort_prem)/rr[2,1]; 
    bind1ind = minindc(bind1a|bind1b); 
    inherit_adjust = (1-reverse_frac*r_m*price_t[1,3]/price_t[2,3]); 
 
     
    cgt_paid[1] = cgt_hh*cgtax_i[1]*(land[index,3:4]*(price_t[2,3:4]-
price_t[1,3:4])')   
        + cgt_hh*cgtax_i[1]*inherit[2]*inherit_adjust* 
          (inherit_hh[ii,inherit_flag]*(price_t[2,4]-price_t[1,4]) 
+inherit_ff[ii,inherit_flag]*(price_t[2,3]-price_t[1,3])); 
     
    cgt_paid[2] = cgt_hh*cgtax_i[2]*(land[index+1,3:4]*(price_t[3,3:4]-
price_t[2,3:4])') 
        + cgt_hh*cgtax_i[2]*inherit[3]*inherit_adjust* 
          (inherit_hh[ii,inherit_flag]*(price_t[3,4]-price_t[2,4]) 
+inherit_ff[ii,inherit_flag]*(price_t[3,3]-price_t[2,3])); 
     
    cgt_paid[3] = cgt_hh*cgtax_i[3]*(land[index+2,3:4]*(price_t[4,3:4]-
price_t[3,3:4])') 

20190204 TOIA Binder Doc 6
Page 56 of 162



 

 

        + cgt_hh*cgtax_i[3]*inherit[4]*inherit_adjust 
        * (inherit_hh[ii,inherit_flag]*(price_t[4,4]-price_t[3,4]) 
+inherit_ff[ii,inherit_flag]*(price_t[4,3]-price_t[3,3])) 
          + cgt_ll* cgtax_i[3]*rent_own[800+ii]*(price_t[4,3]-
price_t[3,3]); 
 
 
    land_tax_paid[1] = ltax_hh*land_tax*land[index,3:4]*price_t[1,3:4]'; 
    land_tax_paid[2] = 
ltax_hh*land_tax*land[index+1,3:4]*price_t[2,3:4]'; 
    land_tax_paid[3] = ltax_hh*land_tax*land[index+2,3:4]*price_t[3,3:4]' 
+rent_own[800+ii]*ltax_ll*land_tax*price_t[3,3]; 
    land_tax_paid[4] = 
ltax_hh*land_tax*land[index+3,3:4]*price_t[4,3:4]'; 
    land_tax_paid[5] = land_tax_paid[1]+ 
land_tax_paid[2]/picpi+land_tax_paid[3]/picpi/picpi+land_tax_paid[4]/picp
i/picpi/picpi; 
     
    depreciation_paid[1] = depreciate *land[index,3:4]*price_t[1,3:4]'; 
    depreciation_paid[2] = depreciate*land[index+1,3:4]*price_t[2,3:4]'; 
    depreciation_paid[3] = depreciate*land[index+2,3:4]*price_t[3,3:4]' 
+rent_own[800+ii]*depreciate*price_t[3,3]; 
    depreciation_paid[4] = depreciate*land[index+3,3:4]*price_t[4,3:4]'; 
    depreciation_paid[5] = depreciation_paid[1]+ 
depreciation_paid[2]/picpi+depreciation_paid[3]/picpi/picpi+depreciation_
paid[4]/picpi/picpi/picpi; 
     
     
    z0 = y0[ii,1]- land[index,3:4]*price_t[1,3:4]' - 
land[index,1:4]*price_rate_t[1,1:4]' 
        + inherit[1]*(inherit_hh[ii,inherit_flag]*price_t[1,4] 
+inherit_ff[ii,inherit_flag]*price_t[1,3])*inherit_adjust;  
    z0 = z0/(1+gst); 
    z1 = y0[ii,2]*picpi + land[index,3:4]*price_t[2,3:4]' - cgt_paid[1] - 
land[index+1,3:4]*price_t[2,3:4]' -land[index+1,1:4]*price_rate_t[2,1:4]' 
        + inherit[2]*(inherit_hh[ii,inherit_flag]*price_t[2,4] 
+inherit_ff[ii,inherit_flag]*price_t[2,3])*inherit_adjust;  
    z1 = z1/(1+gst); 
    z2 = y0[ii,3]*picpi2 + land[index+1,3:4]*price_t[3,3:4]' - 
cgt_paid[2] - land[index+2,3:4]*price_t[3,3:4]' -
land[index+2,1:4]*price_rate_t[3,1:4]' 
        + inherit[3]*(inherit_hh[ii,inherit_flag]*price_t[3,4] 
+inherit_ff[ii,inherit_flag]*price_t[3,3])*inherit_adjust 
        + rent_own[800+ii]*((price_rate_t[3,2]-
price_t[3,3]*(depreciate+ltax_ll*land_tax))*(1-tax_i[2]) );  
    z2 = z2/(1+gst); 
    z3 = y0[ii,4]*picpi3 + land[index+2,3:4]*price_t[4,3:4]' - 
cgt_paid[3]  
        - (1-reverse_frac)*land[index+3,3:4]*price_t[4,3:4]'-
land[index+3,1:4]*price_rate_t[4,1:4]' 
        + inherit[4]*(inherit_hh[ii,inherit_flag]*price_t[4,4] 
+inherit_ff[ii,inherit_flag]*price_t[4,3]) 
        + rent_own[800+ii]*(price_t[4,3]-price_t[3,3]*rr[3,2]) ;  
    z3 = z3/(1+gst); 
 
    {c_u_b_options[.,indexk]} = optimal_c(ii, z0, z1, z2, z3, rr,r_p, 
picpi,picpi2, picpi3, beta,  
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                    beta11, beta12, beta13, beta_pi, beta_pi3, bind0, 
bind1, land, index, vv, tax_i,gst, widow_tax, term_end,  
                    price_t, price_rate_t, rent_own, cgt_paid, 
land_tax_paid[5],depreciation_paid[5]); 
 
indexk = indexk+1; endo;  
 
 
max_index = maxindc(c_u_b_options[15,.]'); 
max_indexl = (max_index-1)*4+1; 
c00[ii, 1:14]=c_u_b_options[1:14,max_index]'; 
c00[ii, 15:18] = land[max_indexl:max_indexl+3,2]'; 
c00[ii, 19:22] = land[max_indexl:max_indexl+3,3]'; 
c00[ii, 23:26] = land[max_indexl:max_indexl+3,4]'; 
c00[ii, 30:33] = land[max_indexl:max_indexl+3,1]'; 
c00[ii, 34:36] = c_u_b_options[16:18,max_index]'; 
c00[ii, 37] = c_u_b_options[19,max_index]; 
c00[ii, 38] = c_u_b_options[20,max_index]; 
c00[ii, 27]=rent_own[800+ii]; 
c00[ii,28] = max_index; 
c00[ii,29] = c_u_b_options[15,max_index]; 
ii=ii+1; endo; 
 
retp(c00); 
endp; 
 
proc (5) = price_calc(rent_f, prem_h, pi_f, r_p2, tax2, depreciate, 
land_tax, ltax_ll, ltax_hh, cgt1, cgt2, cgt_ll, cgt_hh, rent_ratio); 
local pf0, pf1, ph0, price_time, price_rate; 
price_time = zeros(4,4); 
price_rate = zeros(4,4); 
 
pf0 = r_p2*rent_f*(1-tax2)/( r_p2*(1+(depreciate+ltax_ll*land_tax)*(1-
tax2)) - (1+(pi_f-1)*(1-cgt2*cgt_ll)) ); 
pf1 = pf0*pi_f; 
ph0 = pf0*prem_h; 
 
price_time[1,3]=pf0; price_time[1,4] = ph0; 
price_time[2,.] = price_time[1,.]*pi_f; 
price_time[3,.] = price_time[2,.]*pi_f; 
price_time[4,.] = price_time[3,.]*pi_f; 
 
price_rate[1,2] =     rent_f; 
price_rate[2,2] =     price_rate[1,2]*pi_f; 
price_rate[3,2] =     price_rate[2,2]*pi_f; 
price_rate[4,2] =     price_rate[3,2]*pi_f; 
 
price_rate[.,1] = rent_ratio*price_rate[.,2]; 
price_rate[.,3] = price_time[.,3]*(depreciate+ltax_hh*land_tax); 
price_rate[.,4] = price_time[.,4]*(depreciate+ltax_hh*land_tax); 
 
retp(pf0, pf1, ph0, price_time, price_rate); 
endp; 
 
 
 
endpass: 
end; 
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Tuesday, 24 April 2018 12:56 PM
To: Andrew Coleman
Subject: RE: Tax reference

[UNCLASSIFIED] 

 

This is the Public Finance Workshop run by Bank of Italy. Although lately it has had fairly narrow focus on European 
fiscal policy.  

https://www.bancaditalia.it/pubblicazioni/altri-atti-convegni/2017-workshop-public-
finance/index.html?com.dotmarketing.htmlpage.language=1  

 

From: Andrew Coleman [ ]  
Sent: Tuesday, 24 April 2018 12:18 p.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: Tax reference 
 

Altig, D., Auerbach, A. J., Koltikoff, L. J., Smetters, K. A., & Walliser, J. (2001). Simulating fundamental 
tax reform in the United States. American Economic Review, 91(3), 574-595. 

 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 
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Ivan Esler [TSY]

From: Andrew Coleman < >
Sent: Tuesday, 1 May 2018 6:41 PM
To: Oscar Parkyn [TSY]
Subject: FW: Household wealth
Attachments: Data appendix.docx

 
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

 www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 
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Appendix 1. The capital stock, housing stock, and the value of New Zealand real estate.  

 

A1.1. The value of New Zealand real-estate and household wealth. 

According to the Reserve Bank of New Zealand, in March 2017, the value of New Zealand’s 
land and houses was $1,031billion, or 73 percent of the value of net household wealth. The 
$1,031 billion comprised $771 billion held as owner-occupied housing and $260 billion held 
as rental property. These values include both the value of equity and debt claims held against 
the property; the total value of these debt claims was $234 billion. 

https://www.rbnz.govt.nz/statistics/c22 

There are several ways that the value of housing can be compared to the value of other assets. 
Internationally, it is common to compare the value of housing with the value of net household 
wealth, and these calculations are reported here, but other methods are possible. 
Unfortunately, it is not straightforward to make these calculations using the Reserve Bank 
data as the value of owner-occupied housing is reported separately from the value of rental 
property. The latter is included in business investment, and has to be calculated residually as 
the difference between the total value of housing and the value of owner occupied housing. 
Similarly, the value of mortgages held against investment property has to be calculated 
residually as the difference between the value of mortgages held against owner-occupied 
property and the total value of mortgages held against residential property. It is not readily 
apparent how many of the loans are used to fund other businesses.  

Table A1.1a provides a snapshot of New Zealand’s household balance sheets for March 1999 
(the first year of data), 2007, and 2017. All data are in contemporary nominal prices, 
$millions. The data show that the value of residential housing was $1031 billion or 73 percent 
of the value of net household wealth in 2017, up from 54 percent in 1999 and 66 percent in 
2007. Since 2007, 84 percent of the $530 billion increase in nominal net household wealth 
has reflected the increase in value of residential property.  

There are several other ways that this comparison could be made. To provide a wider 
perspective, Figure A1.1 rearranges data from the Annual Balance Sheet compiled by 
Statistics New Zealand. (The raw data are in Table A1.1b.) These data are only available for 
the year to March 2016, and are supplemented by the data provided by the Reserve Bank of 
New Zealand for March 2016. The two reports contain different slightly different figures. 
The data are used to calculate two different types of figures 

 (i) the net value of wealth owned by New Zealand households and other New Zealand 
 entities (including the government), including claims on foreign entities;  

 (ii) the net value of assets located in New Zealand, whether they are held by New 
 Zealand or foreign entities. 
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Figure A1.1 New Zealand Balance Sheet March 2016 ($million) 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The value of housing is the value of owner-occupied housing plus the value of rental housing, 
a total of $905 billion (boxes H and I).  

The total value of assets in New Zealand, whether owned by New Zealand private entities, 
the government, or foreign entities was $1,697 billion (Box E). 

The value of assets owned by New Zealand entities including the Government was 
$1537billion (Box D).  

The value of net household wealth was $1311 billion. (Box G).  

A. NZ claims on foreign 
assets 

$239,874 

B. NZ claims on NZ assets

                                     
$1,297,554

C. Foreign claims on NZ 
assets 

$399,236

D. NZ-owned assets (A+B)

                              
$1,537,418  

E. Assets in NZ (B+C) 

                                              
$1,696,790

G.Net household wealth

                              
$1,311,745 

F. Net wealth of other NZ 
entities ( e.g. Government) 

 $225,673                             

H. Owner Occupied housing  

                                                
$ 680,123  

I. Rental housing 

                                          
$228,329

J. Other financial and business 
assets including loans to households 

$586,883                               

K. Subtract household debt 

(including mortgages against owner-occupied 
housing of $153 643)                                             
-$183,590  
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Hence the value of housing assets in New Zealand in 2016 was 69% of net household wealth, 
59% of net New Zealand wealth, and 53% of the net value of assets in New Zealand 
including those owned by foreign entities.  

 

A1.2 International comparisons of housing wealth   

It is not straightforward to make a comparison with other countries as other countries present 
their household balance sheets differently. However, it appears that New Zealand has a 
relatively large fraction of its wealth held in housing assets – and a low fraction held as other 
assets. The following comparisons are with Australia, the United Kingdom, and various 
European countries.  

Australia. 

 In March 2017, residential land and housing was valued at $A6312 billion, or 64 percent of 
household wealth, compared to 73% in New Zealand. In 1999 and 2007, the ratios were 57% 
and 62%.1 The value of housing was 3.65 times GDP, compared to a ratio of 3.81 in New 
Zealand. The ratio of non-housing assets to GDP was 2.04, compared to 1.44 in New 
Zealand.  

United Kingdom  

In the year ending December 2016, the value of UK residential buildings owned by 
households was £1,521 billion, with an additional £3,866 billion in land. Non-financial 
corporations owned an additional £227 b worth of dwellings. If the land associated with these 
dwellings was valued in the same ratio as household land, the associated land value would be 
£576b. (Households plus non-financial corporations account for 98% of dwellings.) The total 
value of residential property can therefore be estimated at £6296b. This is 63 percent of the 
value of household net worth.2 The ratio of directly-held household property wealth/total 
wealth is 54% 

Europe 

In their publication “Household Wealth in Europe,” ING (2016) compiled data on household 
property wealth and household wealth for various European countries in 2015. Most 
countries had ratios between 50 and 65 percent, and the Eurozone average was 59%. Spain 
and Slovakia were the two exceptions with ratios in excess of 75%. 

A1.3 Non-residential capital stock data. 

An alternative approach to measuring the relative size of New Zealand’s capital stock is to 
compare the size of the private and public capital stocks with other countries. Table A1.3 
shows the size of the private non-residential and the public capital stocks as a fraction of 

                                                           
1 Data from Australia Bureau of Statistics Table 5232.0 Australian National Accounts Table 34 Household 
Balance sheet, Current prices. Series A83728305F (housing value) A83722648X (net worth). 
2 Data from the Office of National Statistics, The UK National Balance Sheet, Table C  
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GDP for 29 high income countries in 2013, using IMF data.3 In 2013, New Zealand’s private 
capital stock was 112 percent of GDP, 37 percent lower than average and the third lowest of 
the countries in the table. In contrast, New Zealand’s public capital stock was estimated at 60 
percent of GDP, 8 percent higher than average and the 8th highest in the table.  

A1.4 International property price increases.  

https://data.world/imf/investment-and-capital-stock-i Series KGOV and KPRIV 

The Federal Reserve Bank of Dallas compiles property price data for 23 rich countries. Their 
database, the International House Price database, has data back to 1975. Table A1.4 shows 
house price increases between March 1990 and 2017. Over the period New Zealand house 
prices increased by 234 percent in real terms, the largest increase of any of the countries in 
the table.  

The 1990 start date is chose as a way of comparing new Zealand property prices since the 
1989 tax reforms. It should be stressed that New Zealand property prices were near a cyclical 
low in 1990. Over the whole period 1975 – 2017 New Zealand house price increases were 
less extreme than several other countries. Indeed, New Zealand had the third smallest 
property price increase between 1975 and 1990, in part because New Zealand house prices 
experienced a cyclical peak in 1975.  

 

  

                                                           
3 The data is sourced from the website https://data.world/imf/investment-and-capital-stock-i Series KGOV and 
KPRIV 
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Table A1.1a New Zealand Household Balance sheet, 1999 - 2017 

 1999 2007 2017 
Nominal GDP 106,826 186,846 270,576 
    
Housing and Land    
Owner-occupied  178,000 455,096 770,947 
Rental properties 45,000 131,461 259,998 
Total  223,000 586,557 1,030,945 
    
Net Financial and Business assets    
Assets excluding rental property 191,364 303,583 389,258 
Rental property 45,000 131,461 259,998 
Total  236,364 435,044 649,256 
    
Net Wealth  414,365 890,140 1,420,203 
    
Ratios    
Total Housing/ Net Wealth 54% 66% 73% 
Total Housing/ GDP 2.09 3.14 3.81 
Non-housing assets/ GDP 1.79 1.62 1.44 
    
Mortgages    
Owner-Occupied property 40,953 101,205 167,515 
Rental property 16,782 41,688 66,965 
Total property 57,735 142,893 234,480 
    

NZPC calculations from Reserve Bank of New Zealand household balance sheet data HC21 and HC22 
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Table A1.1a New Zealand Balance Sheet, 2016 ($ millions) 

  Statistics New 
Zealand 
Annual Balance 
Sheet March 2016 

Reserve Bank of NZ 
Household Balance 
Sheet (HC22) March 
2016 

1 Value of Land and Houses including 
rental property 

 $905,368 

1a Non Financial Assets/ 
Land and Houses 

$680,123 $677,039 

1b Rental property (implicit)  $228 329 
    
2 Financial Assets/ 

Financial Assets 
(Includes business assets and rental 
property) 

$815,212 $815, 843 

2a -Currency and Deposits $153,808 $153,808 
2b -Debt securities $5,245 $5,245 
2c -Insurance and Pension Funds $82,485 $83,825 
2d -Equity and Investment $573,346 $572,637 
2e -(Of which rental property)  $228 329 
    
3 Total assets  1,495,335        (1a+2)  
4 Loans to Households -$183590 -$183590 
 Of which mortgages  -$153643 
5 Net Financial Wealth  $632,252      (2-4) 
    
6 Net Household Wealth (3-4) $1,311,745        (3-4) $1,309,292   (1a+5) 
    
7 Net Non-Household Assets $225,673  
7a -Local Government $112,616  
7b -Central Government+social 

security funds 
$123,598  

7c -Non-profits $29,773  
    
8 Total NZ owned assets $1,537,418        (6+7)  
    
9 Foreign claims on NZ $399,236  
9a NZ claims on Foreign countries $239,874  
9b Net Foreign claims on NZ $159,362  
10 Total Assets in New Zealand $1,696,785   (8+9b)_  
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Table A1.2. Residential Property/ wealth rations in various European countries.  

 Residential property/ Net wealth ratio 
Austria 48% 
Belgium 54% 
Czech Republic 56% 
Denmark 48% 
Finland 43% 
France 52% 
Germany 54% 
Greece 65% 
Hungary 59% 
Italy 62% 
Netherlands 50% 
Poland 35% 
Portugal 58% 
Slovakia 79% 
Slovenia 61% 
Spain 78% 
Sweden 31% 
United Kingdom 55% 

Source ING (2016) “ Household Wealth in Europe” from tables p37,41. 
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Table A1.3 Private and public capital/ output ratios in various IMF countries, 2013. 

 Private capital 
2013 

Public capital 
2013 

Total capital  
2013 

 % 
GDP 

Rank % GDP rank % GDP rank 

Australia 183 3 40 24 224 8 
Austria 164 12 33 27 197 16 
Belgium 169 8 33 28 202 14 
Canada 148 15 51 14 199 15 
Denmark 163 13 43 22 206 12 
Finland 169 9 48 18 216 10 
France 137 21 51 15 188 18 
Germany 143 17 35 25 178 22 
Greece 167 10 54 13 221 9 
Hong Kong SAR 140 19 48 17 188 20 
Iceland 165 11 64 4 229 7 
Ireland 129 23 59 10 188 19 
Israel 138 20 27 29 165 25 
Italy 179 5 60 7 239 5 
Japan 156 14 107 1 263 1 
Korea 184 2 60 9 243 3 
Mexico 131 22 55 12 185 21 
Netherlands 128 24 50 16 178 23 
New Zealand 112 27 60 8 172 24 
Norway 146 16 45 20 190 17 
Portugal 181 4 56 11 237 6 
Singapore 189 1 69 2 257 2 
Spain 178 6 64 5 242 4 
Sweden 115 25 44 21 158 27 
Switzerland 171 7 40 23 211 11 
Taiwan  96 29 68 3 163 26 
Turkey 103 28 45 19 148 28 
United Kingdom 113 26 34 26 147 29 
United States 141 18 63 6 204 13 

Source: https://data.world/imf/investment-and-capital-stock-i Series KGOV and KPRIV 
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Table A1.4 International property price increases 1990- 2017 

Country Percentage 
change  

Japan -47% 
S. Korea -35% 
Italy -11% 
Switzerland 0% 
Germany 5% 
Finland 20% 
Spain 25% 
Croatia 28% 
US 45% 
S. Africa 53% 
France 85% 
Denmark 103% 
UK 109% 
Canada 117% 
Netherlands 125% 
Sweden 127% 
Belgium 128% 
Norway 143% 
Luxembourg 167% 
Israel 168% 
Australia 181% 
Ireland 215% 
New Zealand 234% 

Source: Author’s calculations from the International House Price database, Federal Reserve Bank of Dallas 
Table RHPI. 
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Ivan Esler [TSY]

From: Andrew Coleman <
Sent: Thursday, 17 May 2018 7:05 PM
To: Mark Vink [TSY]
Cc: Oscar Parkyn [TSY]
Subject: RE: A couple of questions on the recent tax working group documents

Thank you both for your responses; and I didn’t give up on you Oscar, I thought you were on holiday, not working.  
 
I’ll look at your spreadsheet Oscar, and see if I can reconcile it with the numbers I calculated myself from the 
statistics departments in Australia and the UK, and some unverified numbers I obtained from ING. 
 
andrew 
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

   

  

From: Mark Vink [TSY] [mailto:Mark.Vink@treasury.govt.nz]  
Sent: Thursday, 17 May 2018 5:23 p.m. 
To: Andrew Coleman  
Cc: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>; Steve Mack [TSY] <Steve.Mack@treasury.govt.nz>; Paul 
Kilford [TSY] <Paul.Kilford@treasury.govt.nz> 
Subject: RE: A couple of questions on the recent tax working group documents 
 
[UNCLASSIFIED] 
 
Hi Andrew, 
 
Nice to hear from you! And thank you for your interest in our papers. 
 
The author of the capital income paper is Steve Mack – both Oscar and I are in Paris at the moment, so I’ve CCed in 
Steve who can get back to you directly. 

s9(2)(a)

s9(2)(a)

s9(2)(a)
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On other matters, Oscar tells me that the work is going well with Andrew Binney, thank you very much for your help 
on that front! We’re looking forward to the results. 
 
Kind regards 
Mark 
 
Mark Vink | Manager | Tax Strategy Team | The Treasury  |  Kaitohutohu Kaupapa Rawa 

 | Mark.Vink@treasury.govt.nz 
 
From: Andrew Coleman   
Sent: Thursday, 17 May 2018 4:27 PM 
To: Mark Vink [TSY] <Mark.Vink@treasury.govt.nz> 
Subject: A couple of questions on the recent tax working group documents 
 
Hello Mark,  
I tried to get hold of Oscar but he is away at the moment. I had a couple of questions on the recent paper : 
Coversheet: Taxation of Capital Income and Wealth” and am wondering if you could direct me to the appropriate 
person to answer them.  
 

(1) I have been going through NZ balance sheet data myself recently and I was unsure how the value of gross 
owner-operated business in the table on p12 was calculated. I could trace most of the numbers to the RBNZ 
sheet HC22, and I think I can guess how the net figure for “owner-operated” (or at least non-listed) 
businesses was calculated but not the gross figure. Is it calculated residually, or is there a direct estimate 
somewhere. When I have done these analyses I have tried to use the broader Statistics NZ database, for this 
includes the foreign sector and enables the distinction between assets in NZ (some of which are foreign 
owned or on which there are foreign claims) and assets owned by NZ entities (including foreign assets.) This 
data only goes up to March 2016, but I suspect it allows a more finessed distinction about what is meant by 
gross and net investments. I suspect that the value of gross businesses needs to be increase to include the 
value of foreign debt claims.  
 
As another matter with respect to this table, I don’t think it is meaningful to calculate net housing value 
divided by net investments, as this measure is not invariant to the financial structure of the economy, and 
falls foul of the Modigliani-Miller theorem. It is not a practice widely adopted overseas. Gross housing value 
as a fraction of net wealth owned by New Zealanders, or gross housing value as a fraction of the value of 
assets located in NZ have more consistent meaning.) 

 
 
(2) I was also curious about the comment that NZ seems to have similar ratio of the value of housing assets to other 
assets as other countries. A source was never provided. I have tried to find or calculate these numbers recently and 
would appreciate some help. I have often been able to calculate gross housing/net wealth, which is a ratio 
commonly calculated overseas, but I haven’t been able to find ratios for gross housing/gross wealth. My impression 
is that NZ was still quite high in terms of gross housing/net wealth, but I have never been sure that the ratios are 
calculated on an identical basis.  
 
(3)The paper has various claims about the evenness of the tax rates on different classes of assets under different tax 
regimes. I was wondering if you have attempted to document this statistically by calculating the standard deviation 
(or some other measures) of these tax rates. I would like to do this, but don’t have sufficiently accurate data. I am 
curious because the income from different classes of assets is currently taxed so unevenly that it is quite possible 
that introducing a limited EET tax system (eg on retirement savings) would reduce the standard deviation of the tax 
rates on different types of assets – and this might be true even if you excluded owner-occupied housing. This would 
be interesting to know. (I have done some really crude back-of-the-envelope calculations using the tax rates on 
owner-occupied housing, rental housing, other equities, and debt, and some appropriate guesses as to the size of 
each class of assets. It seems quite possible that the variance of the tax rates on different capital instruments could 
decline if there a limited EET scheme were introduced– largely because capital gains are not taxed. ) Part of the 
problem I have in doing these calculations properly is that the variance depends on the way that real capital gains 

s9(2)(k)
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are distributed across sectors. If real capital gains are concentrated into certain asset classes (eg residential 
property; or farms; or commercial property) there is a lot more variation in the tax rates on different assets under 
the current scheme than if the real capital gains are evenly distributed; and this increases the distortions in the 
current system and makes other approaches relatively less distorting. 
 
Incidentally, this is one of the difficulties with figure 1, measuring the way different assets are taxed. In the middle 
section of the diagram it measures how a firm earning fully taxable income would be taxed under a PIE, a 
superannuation fund, a company that distributes and a company that doesn’t distribute. This is one sort of variation 
in asset type. A different sort of variation would be how much tax is paid by a company that earns $1000,000, but in 
one case it is fully taxable, another case is half capital gain and half taxable, and the third case it is all capital gain. 
This would indicate a lot more variation.)  
 
If these questions are easily answered, I would be most appreciative. 
 
Thanks 
Andrew Coleman 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

   

  

CONFIDENTIALITY NOTICE 

 
The information in this email is confidential to the Treasury, intended only for the addressee(s), and may 
also be legally privileged. If you are not an intended addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 
2733); 
b. any use, dissemination or copying of this email is strictly prohibited and may be unlawful.  
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Australia Austria Belgium Canada Finland France Germany Greece Italy Korea Luxembourg Netherlands Norway Portugal
Slovak

 Republic
Spain

United

Kingdom

United

 States
OECD18  

Non financial assets 80.7 59.1 66.6 62.9 81.7 72.2 65.8 88.3 81.7 73.3 85.9 71.2 73.2 75.6 87.1 80.7 79.7 48.5 74.1

 Principal residence 51.0 43.7 51.6 43.1 54.6 47.6 40.9 55.9 60.8 36.3 51.9 61.3 60.9 47.8 74.4 53.9 54.8 31.5 51.2

 Other real estate property 17.8 10.9 11.9 12.3 22.4 20.0 20.5 27.8 16.4 31.4 30.2 6.4 10.2 23.0 6.7 23.7 9.3 12.8 17.4

 Vehicles 2.9 3.5 2.3 3.3 4.7 .. 3.3 4.3 3.0 2.5 2.6 2.9 2.1 4.0 5.5 2.6 2.3 3.4 3.2

 Other non financial assets 9.1 1.1 0.8 4.1 0.0 4.7 1.0 0.3 1.5 3.0 1.2 0.6 0.1 0.9 0.6 0.4 13.3 0.8 4.5

Financial assets 19.3 40.9 33.4 37.1 18.3 27.8 34.2 11.7 18.3 26.7 14.1 28.8 26.8 24.4 12.9 19.3 20.3 51.5 25.9

Deposits 5.7 10.4 11.4 4.6 7.8 6.5 9.4 5.6 4.7 .. 4.9 9.0 12.5 8.8 6.3 5.3 9.7 7.0 7.6

Bonds and other debt securities 0.0 1.3 4.3 0.3 0.1 0.3 1.2 0.2 2.0 .. 0.7 1.2 0.1 0.2 0.0 0.2 2.0 2.0 0.9

Mutual funds 3.7 2.0 3.8 3.2 1.7 1.1 2.2 0.2 1.0 .. 2.3 1.7 1.3 0.5 0.2 0.8 1.1 7.6 2.0

Net equity in own

 unincorporated enterprises
2.8 24.3 4.3 2.7 3.3 8.4 13.0 4.8 8.3 .. 3.0 2.2 0.8 11.9 4.5 9.0 .. 4.5 6.7

Stocks 2.5 0.5 3.0 2.7 3.9 2.2 1.4 0.2 0.5 .. 0.8 0.9 9.6 0.8 0.0 0.9 2.9 5.7 2.3

 Unlisted shares and other equity 4.4 0.2 0.5 8.7 .. 0.9 0.2 0.0 0.4 .. 0.1 0.0 .. 0.0 0.4 0.8 0.6 14.2 2.1

Other non pension financial assets 0.1 0.7 1.3 2.2 .. 0.7 1.2 0.2 0.6 .. 0.3 0.7 1.8 0.8 0.4 0.7 0.8 1.1 0.9

Voluntary individual life insurance

 and private pension funds
.. 1.5 4.9 12.7 1.4 7.5 5.7 0.5 0.9 .. 2.1 13.1 0.6 1.3 0.9 1.6 3.3 9.4 4.2

Liabilities 17.9 5.9 8.2 14.0 18.4 9.6 12.2 7.5 4.1 17.9 10.3 32.5 36.2 10.2 4.0 10.1 15.7 18.7 14.1

 Principal residence loans 10.3 4.3 6.6 10.9 13.2 5.0 7.1 4.5 2.7 4.1 7.0 25.0 .. 8.2 3.1 6.1 12.1 13.0 8.4

Other real estate loans 5.8 0.7 0.8 2.8 .. 2.3 3.5 1.3 0.3 1.8 2.3 2.0 .. 1.2 0.2 2.6 2.2 2.9 2.0

 Other loans 1.8 1.0 0.9 0.3 5.1 2.4 1.5 1.6 1.1 12.0 1.0 5.5 .. 0.8 0.8 1.4 1.5 2.8 2.4

Real estate as % of total assets 68.7 54.6 63.5 55.5 77.1 67.5 61.5 83.7 77.2 67.8 82.1 67.7 71.1 70.8 81.1 77.6 64.1 44.3 68.7

Real estate as % of net worth 84% 58% 69% 64% 94% 75% 70% 90% 80% 83% 92% 100% 111% 79% 84% 86% 76% 55% 80%

Note: . . refers to non-available data. Data on liabilities and components of liabilities for Korea have been corrected, figures to be considered are those published in this excel file.

Source: OECD Wealth Distribution Database. 

Table 6.5. Household portfolio composition

Percentage share of total assets
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Australie Autriche Belgique Canada Finlande France Allemagne Grèce Italie Corée Luxembourg Pays-Bas Norvège Portugal Rép. slovaque Espagne Royaume-Uni Ếtats-Unis OCDE18  

Actifs non financiers 80.7 59.1 66.6 62.9 81.7 72.2 65.8 88.3 81.7 73.3 85.9 71.2 73.2 75.6 87.1 80.7 79.7 48.5 74.1

Résidence principale 51.0 43.7 51.6 43.1 54.6 47.6 40.9 55.9 60.8 36.3 51.9 61.3 60.9 47.8 74.4 53.9 54.8 31.5 51.2

Autres biens immobiliers 17.8 10.9 11.9 12.3 22.4 20.0 20.5 27.8 16.4 31.4 30.2 6.4 10.2 23.0 6.7 23.7 9.3 12.8 17.4

Véhicules 2.9 3.5 2.3 3.3 4.7 .. 3.3 4.3 3.0 2.5 2.6 2.9 2.1 4.0 5.5 2.6 2.3 3.4 3.2

Autres actifs non financiers 9.1 1.1 0.8 4.1 0.0 4.7 1.0 0.3 1.5 3.0 1.2 0.6 0.1 0.9 0.6 0.4 13.3 0.8 4.5

Actifs financiers 19.3 40.9 33.4 37.1 18.3 27.8 34.2 11.7 18.3 26.7 14.1 28.8 26.8 24.4 12.9 19.3 20.3 51.5 25.9

Dépôts bancaires 5.7 10.4 11.4 4.6 7.8 6.5 9.4 5.6 4.7 .. 4.9 9.0 12.5 8.8 6.3 5.3 9.7 7.0 7.6

Obligations et autres titres de créance 0.0 1.3 4.3 0.3 0.1 0.3 1.2 0.2 2.0 .. 0.7 1.2 0.1 0.2 0.0 0.2 2.0 2.0 0.9

Fonds de placement 3.7 2.0 3.8 3.2 1.7 1.1 2.2 0.2 1.0 .. 2.3 1.7 1.3 0.5 0.2 0.8 1.1 7.6 2.0

Avoirs nets dans une entreprise individuelle
2.8 24.3 4.3 2.7 3.3 8.4 13.0 4.8 8.3 .. 3.0 2.2 0.8 11.9 4.5 9.0 .. 4.5 6.7

Actions 2.5 0.5 3.0 2.7 3.9 2.2 1.4 0.2 0.5 .. 0.8 0.9 9.6 0.8 0.0 0.9 2.9 5.7 2.3

Actions non cotées et autres avoirs 4.4 0.2 0.5 8.7 .. 0.9 0.2 0.0 0.4 .. 0.1 0.0 .. 0.0 0.4 0.8 0.6 14.2 2.1

Autres actifs financiers non liés à la retraite 0.1 0.7 1.3 2.2 .. 0.7 1.2 0.2 0.6 .. 0.3 0.7 1.8 0.8 0.4 0.7 0.8 1.1 0.9

Assurances-vie individuelles volontaires et 

fonds de pension privés

.. 1.5 4.9 12.7 1.4 7.5 5.7 0.5 0.9 .. 2.1 13.1 0.6 1.3 0.9 1.6 3.3 9.4 4.2

Passifs 17.9 5.9 8.2 14.0 18.4 9.6 12.2 7.5 4.1 17.9 10.3 32.5 36.2 10.2 4.0 10.1 15.7 18.7 14.1

Prêts pour la résidence principale 10.3 4.3 6.6 10.9 13.2 5.0 7.1 4.5 2.7 4.1 7.0 25.0 .. 8.2 3.1 6.1 12.1 13.0 8.4

Autres prêts immobiliers 5.8 0.7 0.8 2.8 .. 2.3 3.5 1.3 0.3 1.8 2.3 2.0 .. 1.2 0.2 2.6 2.2 2.9 2.0

Autres emprunts 1.8 1.0 0.9 0.3 5.1 2.4 1.5 1.6 1.1 12.0 1.0 5.5 .. 0.8 0.8 1.4 1.5 2.8 2.4

Note : « .. » signifie que les données ne sont pas disponibles.

Source: Base de données de l'OCDE sur la distribution des patrimoines. 

Tableau 6.5. Composition des portefeuilles des ménages

Pourcentage des actifs totaux

Tab 6.5.xlsx-Tab 6.5 FR

 

 

 

20190204 TOIA Binder Doc 11
Page 75 of 162



1

Ivan Esler [TSY]

From: Andrew Coleman
Sent: Wednesday, 23 May 2018 9:29 AM 
To: Steve Mack [TSY] <Steve.Mack@treasury.govt.nz> 
Subject: RE: A couple of questions on the recent tax working group documents 
 
Hi Steve, I am only just leaving so I will be there  at 9.35 
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

   

  

From: Steve Mack [TSY] [mailto:Steve.Mack@treasury.govt.nz]  
Sent: Tuesday, 22 May 2018 4:53 p.m. 
To: Andrew Coleman  
Cc: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>; ^IRD: Phil Whittington 
Subject: RE: A couple of questions on the recent tax working group documents 
 
Hi Andrew. 
 
Would 9:30 to 11:00 tomorrow work for you?  We have another meeting at 11:00 to attend. 
 
Thanks 
 
From: Andrew Coleman ]  
Sent: Tuesday, 22 May 2018 11:31 a.m. 

s9(2)(a)

Deleted - Not Relevant to Request
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To: Steve Mack [TSY] <Steve.Mack@treasury.govt.nz> 
Subject: RE: A couple of questions on the recent tax working group documents 
 
Will tomorrow morning work? 
 
I looked at the OECD data that Oscar sent me on housing/wealth ratios in various OECD countries (excluding NZ). 
They are very interesting, but I when I looked at the household balance sheets from the Australian and UK statistics 
departments  I couldn’t see how they got their data at all. For instance, The OECd data for the UK has non-financial 
assets as 79.7% of total assets, and financial assets as 20.3%; they have real estate as 64% of gross assets and 76% of 
net assets. 
 
In contrast the UK household balance for 2016 has household non-financial assets as 5482 (billion), total financial 
assets as 6236 billion, liabilities as 1746 and net worth as 9972 – and residential housing and land as 54% of gross 
assets and 64% of net assets.   
 
It is about as hard to reconcile the Australian data with the OECD data. I haven’t tried other countries. I am under 
the impression that there isn’t a consensus on how this gets done. 
 
What time would work for you? 
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

 www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

   

  

From: Steve Mack [TSY] [mailto:Steve.Mack@treasury.govt.nz]  
Sent: Tuesday, 22 May 2018 9:56 a.m. 
To: Andrew Coleman 
Cc: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>; ^IRD: Phil Whittington  
Subject: RE: A couple of questions on the recent tax working group documents 
 
Hi Andrew. 
 
When do you want to come by to discuss these questions?  I’m pretty free the rest of this week. 
 
Steve 
 

s9(2)(a)
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From: Andrew Coleman   
Sent: Friday, 18 May 2018 10:34 a.m. 
To: Steve Mack [TSY] <Steve.Mack@treasury.govt.nz> 
Subject: RE: A couple of questions on the recent tax working group documents 
 
Great. Sometime next week would work for me . 
Enjoy Surfdale while you remember it! 
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

 | www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

   

  

From: Steve Mack [TSY] [mailto:Steve.Mack@treasury.govt.nz]  
Sent: Friday, 18 May 2018 9:10 a.m. 
To: Andrew Coleman  
Subject: RE: A couple of questions on the recent tax working group documents 
 
We can also discuss these questions.  If you think there are better ways to measure housing proportions I would like 
to know your thoughts. 
 
Cheers 
 
Steve 
 
From: Mark Vink [TSY]  
Sent: Thursday, 17 May 2018 5:23 p.m. 
To: 'Andrew Coleman'  
Cc: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>; Steve Mack [TSY] <Steve.Mack@treasury.govt.nz>; Paul 
Kilford [TSY] <Paul.Kilford@treasury.govt.nz> 
Subject: RE: A couple of questions on the recent tax working group documents 
 
[UNCLASSIFIED] 
 
Hi Andrew, 
 
Nice to hear from you! And thank you for your interest in our papers. 

s9(2)(a)

s9(2)(a)

s9(2)(a)

s9(2)(a)

 

 

 

20190204 TOIA Binder Doc 12
Page 78 of 162



4

 
The author of the capital income paper is Steve Mack – both Oscar and I are in Paris at the moment, so I’ve CCed in 
Steve who can get back to you directly. 
 
On other matters, Oscar tells me that the work is going well with Andrew Binney, thank you very much for your help 
on that front! We’re looking forward to the results. 
 
Kind regards 
Mark 
 
Mark Vink | Manager | Tax Strategy Team | The Treasury  |  Kaitohutohu Kaupapa Rawa 

| Mark.Vink@treasury.govt.nz 
 
From: Andrew Coleman < >  
Sent: Thursday, 17 May 2018 4:27 PM 
To: Mark Vink [TSY] <Mark.Vink@treasury.govt.nz> 
Subject: A couple of questions on the recent tax working group documents 
 
Hello Mark,  
I tried to get hold of Oscar but he is away at the moment. I had a couple of questions on the recent paper : 
Coversheet: Taxation of Capital Income and Wealth” and am wondering if you could direct me to the appropriate 
person to answer them.  
 

(1) I have been going through NZ balance sheet data myself recently and I was unsure how the value of gross 
owner-operated business in the table on p12 was calculated. I could trace most of the numbers to the RBNZ 
sheet HC22, and I think I can guess how the net figure for “owner-operated” (or at least non-listed) 
businesses was calculated but not the gross figure. Is it calculated residually, or is there a direct estimate 
somewhere. When I have done these analyses I have tried to use the broader Statistics NZ database, for this 
includes the foreign sector and enables the distinction between assets in NZ (some of which are foreign 
owned or on which there are foreign claims) and assets owned by NZ entities (including foreign assets.) This 
data only goes up to March 2016, but I suspect it allows a more finessed distinction about what is meant by 
gross and net investments. I suspect that the value of gross businesses needs to be increase to include the 
value of foreign debt claims.  
 
As another matter with respect to this table, I don’t think it is meaningful to calculate net housing value 
divided by net investments, as this measure is not invariant to the financial structure of the economy, and 
falls foul of the Modigliani-Miller theorem. It is not a practice widely adopted overseas. Gross housing value 
as a fraction of net wealth owned by New Zealanders, or gross housing value as a fraction of the value of 
assets located in NZ have more consistent meaning.) 

 
 
(2) I was also curious about the comment that NZ seems to have similar ratio of the value of housing assets to other 
assets as other countries. A source was never provided. I have tried to find or calculate these numbers recently and 
would appreciate some help. I have often been able to calculate gross housing/net wealth, which is a ratio 
commonly calculated overseas, but I haven’t been able to find ratios for gross housing/gross wealth. My impression 
is that NZ was still quite high in terms of gross housing/net wealth, but I have never been sure that the ratios are 
calculated on an identical basis.  
 
(3)The paper has various claims about the evenness of the tax rates on different classes of assets under different tax 
regimes. I was wondering if you have attempted to document this statistically by calculating the standard deviation 
(or some other measures) of these tax rates. I would like to do this, but don’t have sufficiently accurate data. I am 
curious because the income from different classes of assets is currently taxed so unevenly that it is quite possible 
that introducing a limited EET tax system (eg on retirement savings) would reduce the standard deviation of the tax 
rates on different types of assets – and this might be true even if you excluded owner-occupied housing. This would 
be interesting to know. (I have done some really crude back-of-the-envelope calculations using the tax rates on 
owner-occupied housing, rental housing, other equities, and debt, and some appropriate guesses as to the size of 

s9(2)(k)
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each class of assets. It seems quite possible that the variance of the tax rates on different capital instruments could 
decline if there a limited EET scheme were introduced– largely because capital gains are not taxed. ) Part of the 
problem I have in doing these calculations properly is that the variance depends on the way that real capital gains 
are distributed across sectors. If real capital gains are concentrated into certain asset classes (eg residential 
property; or farms; or commercial property) there is a lot more variation in the tax rates on different assets under 
the current scheme than if the real capital gains are evenly distributed; and this increases the distortions in the 
current system and makes other approaches relatively less distorting. 
 
Incidentally, this is one of the difficulties with figure 1, measuring the way different assets are taxed. In the middle 
section of the diagram it measures how a firm earning fully taxable income would be taxed under a PIE, a 
superannuation fund, a company that distributes and a company that doesn’t distribute. This is one sort of variation 
in asset type. A different sort of variation would be how much tax is paid by a company that earns $1000,000, but in 
one case it is fully taxable, another case is half capital gain and half taxable, and the third case it is all capital gain. 
This would indicate a lot more variation.)  
 
If these questions are easily answered, I would be most appreciative. 
 
Thanks 
Andrew Coleman 

Andrew Coleman | Consultant 
tivity Commission | Te Kōmihana Whai Hua o Aotearoa 
| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

   

  

CONFIDENTIALITY NOTICE 

 
The information in this email is confidential to the Treasury, intended only for the addressee(s), and may 
also be legally privileged. If you are not an intended addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 
2733); 
b. any use, dissemination or copying of this email is strictly prohibited and may be unlawful.  
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Ivan Esler [TSY]

From: Steve Mack [TSY]  
Sent: Wednesday, 23 May 2018 3:04 PM 
To: Andrew Coleman  Oscar Parkyn [TSY] 
<Oscar.Parkyn@treasury.govt.nz>; ^IRD: Phil Whittington  
Subject: Household savings report 2001 
 
[IN-CONFIDENCE] 
 
This is a bit old now (2001), but its observation is that the composition of savings does not vary a lot among NZ, 
Canada, and the US (although the US looks to me like it has more financial savings and less housing than NZ, 
although Canada is similar to NZ figures) (figure 14.1). 
 
Not sure how they got this or how different it would be now. 
 
Steve 

Deleted - Not Relevant to Request
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Wednesday, 23 May 2018 1:58 PM
To: Andrew Coleman; Steve Mack [TSY]; ^IRD: Phil Whittington
Subject: charts on housing/net assets

[UNCLASSIFIED] 
 
A couple of charts, FWIW. 
 
Housing/net assets for Australia (ABS) and NZ (RBNZ): 

 
 
 
Chart from “Saving – Issues and Options” (2010) background paper for Savings Working Group  
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 https://treasury.govt.nz/publications/tp/saving-new-zealand-issues-and-options  
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Wednesday, 23 May 2018 2:54 PM
To: Andrew Coleman; ^IRD: Phil Whittington; Steve Mack [TSY]
Cc: Martin Keene [TSY]
Subject: RE: GST refunds & total GST revenue [UNCLASSIFIED]

Govt expenses are reported GST exclusive (and Govt revenue eliminates GST paid by Govt agencies) in the Crown 
financial statements. 
 
Martin – would SOE payments of GST be a large component of the difference? It’s not obvious to me that other 
countries would eliminate SOE payments from their VAT revenue, since SOEs are not part of “general government” 
for accounting purposes in most countries.  
 
 
From: Andrew Coleman ]  
Sent: Wednesday, 23 May 2018 2:49 p.m. 
To: ^IRD: Phil Whittington < ; Steve Mack [TSY] <Steve.Mack@treasury.govt.nz>; Oscar 
Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Cc: Martin Keene [TSY] <Martin.Keene@treasury.govt.nz> 
Subject: RE: GST refunds & total GST revenue [UNCLASSIFIED] 
 
Thanks. I have found this useful. I am surprised by the amount of GST paid by crown entities  
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

   

  

From: Phil Whittington [ ]  
Sent: Wednesday, 23 May 2018 2:33 p.m. 
To: Andrew Coleman < >; 'Steve Mack [TSY]' <Steve.Mack@treasury.govt.nz>; 
'Oscar Parkyn [TSY]' <Oscar.Parkyn@treasury.govt.nz> 

s9(2)(a)
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Cc: 'martin.keene@treasury.govt.nz' <martin.keene@treasury.govt.nz> 
Subject: RE: GST refunds & total GST revenue [UNCLASSIFIED] 
 
 
On the first question (“is this the same issue?”) then the answer is “yes”. 
 
Not sure on the size of government question… 
 
Phil Whittington | Senior Policy Advisor, Economics | Inland Revenue 

E. | W. www.ird.govt.nz 
 
From: Andrew Coleman [   
Sent: Wednesday, 23 May 2018 2:24 p.m. 
To: Steve Mack [TSY]; Phil Whittington; Oscar Parkyn [TSY] 
Cc: martin.keene@treasury.govt.nz 
Subject: RE: GST refunds & total GST revenue 
 
Thank you Steve, and Martin 
 
This helps a lot. If I may have a follow up question: on page 29 of the document  “Future of tax” it is noted that NZ 
collects the highest percentage of GDP from GST in the OECD. It then states  “This reflects a very broad GST base, 
but also a different treatment of government spending compared to other countries. If we were to calculate GST on 
government spending on the same basis as other countries, we would have the eleventh highest level of GST as 
measured against GDP”  
 
Is this the same issue? Is it the case that NZ reports GST collections including those paid by government agencies, 
but most other countries exclude VAT paid by government agencies?  
 
Furthermore, when we calculate the size of government as a fraction of GDP, do we normally include or exclude the 
GST paid by Government departments to the government in the calculation. These payments are about $6 billion pa,
or 2-3% of GDP I assume they are included to ensure changes in the GST enter the numerator and the denominator, 
but why make assumptions when you can know for sure? 
 
Thanks again 
Andrew 
 
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 
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From: Steve Mack [TSY] [mailto:Steve.Mack@treasury.govt.nz]  
Sent: Wednesday, 23 May 2018 1:46 p.m. 
To: Andrew Coleman <  ^IRD: Phil Whittington 

>; Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: FW: GST refunds & total GST revenue 
 
Does this explain? 
 
From: Martin Keene [TSY]  
Sent: Wednesday, 23 May 2018 1:39 p.m. 
To: Steve Mack [TSY] <Steve.Mack@treasury.govt.nz> 
Subject: RE: GST refunds & total GST revenue 
 
Hi Steve, 
 
GST refunds occur when a GST-registered business’ GST input credits exceed GST on outputs in the GST reporting 
period, which is 1 month, 2 months or 6 months, depending on turnover. GST refunds are most prevalent amongst 
exporters (zero GST on outputs), businesses that have made a large capital purchase (an airline importing a new 
aeroplane, for instance) or, in the case of my uncle’s fish & chip shop, businesses making losses. 
 
The best figure for overall GST revenue is total net GST = gross GST less refunds. 
 
The GST numbers shown in the financial statements are total net core Crown GST = total net GST less GST paid by 
government. This is useful if you’re looking for GST paid by the private sector, but not so useful if you’re looking for 
total GST across the whole economy. 
 
Total GST paid in NZ by everyone including government can be found on the tax outturn page of the Treasury 
website which, rather annoyingly, is now on a different webpage each month. Here’s the March 2018 link: 
https://treasury.govt.nz/publications/tax-outturn-data/tax-outturn-data-march-2018 
Total net GST for the whole economy can be found on line 36 of the Revenue sheet of the Tax Outturn Data Monthly 
History spreadsheet on that link. 
 
I hope that helps. 
 
Martin Keene | Forecasting |
 
 
From: Steve Mack [TSY]  
Sent: Wednesday, 23 May 2018 1:05 p.m. 
To: Martin Keene [TSY] <Martin.Keene@treasury.govt.nz> 
Subject: FW: Thanks and a question or two 
 
 
Hi Martin. 
 
Do you know what the “refunds” refers to in GST?  What is the best figure for overall GST revenue? 
 
Thanks 
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From: Andrew Coleman [ ]  
Sent: Wednesday, 23 May 2018 12:54 p.m. 
To: Steve Mack [TSY] <Steve.Mack@treasury.govt.nz> 
Cc: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>; ^IRD: Phil Whittington  
Subject: Thanks and a question or two 
 
Hello  Steve, Phil, Oscar 
 
Thanks for meeting today. I found it useful and constructive. I am not quite sure where to go next – the productivity 
commission is getting me to write a paper on tax – but I have a couple of small clarifying questions. 
 
The first concerns GST. I now understand why I was so surprised at the data. I had been using a figure from the 
Financial statements of the Government of New Zealand (30 June 2016). On p53 It has the following figures for GST 
 
Gross Goods and services tax $29,366 
Refunds                                                        $11,158 
Total GST                                      $18,208 
 
This is a bit different from the figures you use. For example, in your recent report on GST (February 2018) you have a 
graph on page 8 that puts the total near $25000 and the figure for 2016-7 is $26309 
 
I used the Financial Statement data to write my lectures last year, and since I will be presenting the same course this 
year I wouldn’t mind knowing where to find the correct figures and how to reconcile them.  
 
It was also the case that the table I presented in lectures compared total indirect taxes (including other sales taxes) 
across countries; by this measure we were very close to average (a little below), but I suspect my calculation of this 
figure doesn’t stack up either as it still uses the net GST  number I used above. 
 
I’ll ask the second later. I hope is not too inconvenient 
 
Thanks 
Andrew 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 
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CONFIDENTIALITY NOTICE 

 
The information in this email is confidential to the Treasury, intended only for the addressee(s), and may 
also be legally privileged. If you are not an intended addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 
2733); 
b. any use, dissemination or copying of this email is strictly prohibited and may be unlawful.  

This email and any attachment may contain confidential information. If you have received this email or any 
attachment in error, please delete the email / attachment, and notify the sender. Please do not copy, disclose 
or use the email, any attachment, or any information contained in them. Consider the environment before 
deciding to print: avoid printing if you can, or consider printing double-sided. Visit us online at ird.govt.nz  
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Ivan Esler [TSY]

From: Andrew Coleman <
Sent: Wednesday, 23 May 2018 12:54 PM
To: Steve Mack [TSY]
Cc: Oscar Parkyn [TSY]; ^IRD: Phil Whittington
Subject: Thanks and a question or two

Hello  Steve, Phil, Oscar 
 
Thanks for meeting today. I found it useful and constructive. I am not quite sure where to go next – the productivity 
commission is getting me to write a paper on tax – but I have a couple of small clarifying questions. 
 
The first concerns GST. I now understand why I was so surprised at the data. I had been using a figure from the 
Financial statements of the Government of New Zealand (30 June 2016). On p53 It has the following figures for GST 
 
Gross Goods and services tax $29,366 
Refunds                                                        $11,158 
Total GST                                      $18,208 
 
This is a bit different from the figures you use. For example, in your recent report on GST (February 2018) you have a 
graph on page 8 that puts the total near $25000 and the figure for 2016-7 is $26309 
 
I used the Financial Statement data to write my lectures last year, and since I will be presenting the same course this 
year I wouldn’t mind knowing where to find the correct figures and how to reconcile them.  
 
It was also the case that the table I presented in lectures compared total indirect taxes (including other sales taxes) 
across countries; by this measure we were very close to average (a little below), but I suspect my calculation of this 
figure doesn’t stack up either as it still uses the net GST  number I used above. 
 
I’ll ask the second later. I hope is not too inconvenient 
 
Thanks 
Andrew 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Tuesday, 19 June 2018 6:14 PM
To: Andrew Coleman; Andrew Binning [TSY]
Subject: RE: Westpac paper

[UNCLASSIFIED] 
 
Thanks. We don’t want a single equation model, but the Westpac work will get media attention so we need to be 
prepared to respond to it. 
 
Presume a scenario with income or population growth would lead to materially larger price changes from a CGT. 
That seems important to illustrate a range of plausible estimates.  
 
 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Tuesday, 19 June 2018 5:15 p.m. 
To: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Cc: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: Westpac paper 
 
Hi Andrew 
Thank you for sending through the Westpac paper. 
 
The model they use is a simple single equation model of the type used by Poterba (1984) that relates the 
rent price ratio to the after-tax  opportunity cost of alternative funds. This analysis was done for NZ in 
2008 (David Hargraeaves, RBNZ) and is one of the four main equations we have in our model. Westpac 
makes an exogenous assumption about the size of capital gains (1.5% pa) about rents and prices, and then 
plugs in the formula. This model assumes 
(a) the supply of landlords is perfectly elastic 
(b) demand and supply elasticities are such that 1/3 of changes in the rent price ratio occur as rent 
changes and 2/3 occur as price changes.  
 
Our model has the same equation. We have put the effort into exploring (a) how demand changes 
endogenously in response to prices (to try and work out demand changes when rents and prices change) ; 
and (b) how the split of prices and rents depends on the supply elasticity of housing. This stuff is assumed 
away by dominic by assuming 1.5% capital income growth. 
 
The challenge for a more sophisticated model is to see how the effect of taxation depends on different 
types of shocks. the simulations you presented today only had inflation as the cause of capital gains. 
Income growth has a different effect, and so does population growth: these shocks are differnet as they 
result in a different mix of housing demand.  
 
The model as it stands generates sensible answers as to the effect of a one off population chnage on the 
price and quantity of housing. So far we haven't modelled the effect of ongoing population or income 
growth. The interaction of at least one of these with the tax system should be the next goal   
  
If i had thought the Treasury was mainly interested in a single equation model, i would have sent them my 
paper from last year which takes the single equation, separates it into housing and land components, and 
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shows the effect of NZ's distortionary tax system.  Finding the general equilibrium effects  that pin down 
the quantity of housing as well as the rent/price ratio is the hard bit.  
 
Andrew C 
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Ivan Esler [TSY]

From: Andrew Coleman < >
Sent: Monday, 2 July 2018 2:51 PM
To: Oscar Parkyn [TSY]
Cc: Andrew Binning [TSY]
Subject: RE: TWG results and write up

Hi oscar 
I didn't get as much finalised over the weekend as I thought, but I am busily checking some calculations and revising 
the note and will send it to you, if not this evening, first thing tomorrow. 
 
(Sorry Andrew) 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

 | www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

   

  

 
-----Original Message----- 
From: Oscar Parkyn [TSY] [mailto:Oscar.Parkyn@treasury.govt.nz]  
Sent: Monday, 2 July 2018 2:37 p.m. 
To: Andrew Coleman <andrew.coleman@otago.ac.nz>; Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz>
Cc: Andrew Coleman <  Peter Gardiner [TSY] 
<Peter.Gardiner@treasury.govt.nz>; Mark Vink [TSY] <Mark.Vink@treasury.govt.nz>; Bevan Lye [TSY] 
<Bevan.Lye@treasury.govt.nz>; Michael Sherwood [TSY] <Michael.Sherwood@treasury.govt.nz> 
Subject: RE: TWG results and write up 
 
Thanks Andrew. 
 
Can I check that everything is on course for a further note today (tomorrow would also be OK)? It is important that we 
have a note finalised this week for the TWG paper.  
 
regards 
Oscar 
 
 
 
-----Original Message----- 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  

s9(2)(a)
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Sent: Saturday, 30 June 2018 12:49 p.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>; Andrew Binning [TSY] 
<Andrew.Binning@treasury.govt.nz>; Mark Vink [TSY] <Mark.Vink@treasury.govt.nz>; Bevan Lye [TSY] 
<Bevan.Lye@treasury.govt.nz>; Michael Sherwood [TSY] <Michael.Sherwood@treasury.govt.nz> 
Cc: Andrew Coleman < > 
Subject: Re: TWG results and write up 
 
Hi Oscar 
The bit of the paper we haven't sent you (thinking you wouldn't read it until Monday) is the bit where we look at real 
capital gains. This is the bit of the programme we are still working on, although we have some results. The current 
results show the effect of a CGT when there capital gains reflect inflation. there is no real case for taxing the inflation 
component of capital gains unless you also tax the inflation component of interest earnings - which we do. If you tax 
the inflation component of interest income but not the inflation component of capital gains you create a distortion that 
reduces home-ownership. Our results try and unravel this effect - and in some sense this is why we start the paper 
trying to establish the relative importance of the inflation component of capital gains and the real component of capital 
gains. 
 
Hopefully the Monday version will make this clearer. Unfortunately there are technical difficulties solving the case for 
real capital gains as there isn't necessarily an equilibrium solution. If population increases drive property price 
increases, for example, the income/house price ratio keeps falling and thus there isn't a steady state equilibrium.  
 
 
 
From: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Sent: Friday, 29 June 2018 5:36 p.m. 
To: Andrew Binning [TSY]; Mark Vink [TSY]; Bevan Lye [TSY]; Michael Sherwood [TSY] 
Cc: Andrew Coleman; Andrew Coleman 
Subject: RE: TWG results and write up 
 
Thank you Andrew(s), appreciated. 
 
I have only read this quickly, but it appears the simulations show that a CGT on landlords would increase house 
prices under all specifications. Have I understood correctly? Is the story that demand for owning houses increases 
because ownership is more attractive than renting, increasing both home ownership rate and house prices? And 
should we be cautious about this result because it does not consider a scenario with growth (ie real capital gains)? 
 
Thanks 
Oscar 
 
-----Original Message----- 
From: Andrew Binning [TSY] 
Sent: Friday, 29 June 2018 4:15 p.m. 
To: Mark Vink [TSY] <Mark.Vink@treasury.govt.nz>; Bevan Lye [TSY] <Bevan.Lye@treasury.govt.nz>; Oscar Parkyn 
[TSY] <Oscar.Parkyn@treasury.govt.nz>; Michael Sherwood [TSY] <Michael.Sherwood@treasury.govt.nz> 
Cc: Andrew Coleman <andrew.coleman@otago.ac.nz>; Andrew Coleman < >
Subject: TWG results and write up 
 
[IN-CONFIDENCE] 
 
Hi All, 
 
We have managed to get some results together and Andrew C has done a good job starting to write them up. We 
thought we could send through what we have at the moment so that you can start working with them. We will send 
through a more polished version on Monday. There are some tables in the write up with some numbers for the 
introduction of a capital gains tax. I have also included all the raw results from all the simulations we have run in the 
excel spreadsheets, including the sensitivity analyses we have run. If you have any questions/comments/suggestions, 
please let us know. 
 
Key: 
 
Results_capital_gains_tax_r_4 = baseline simulation with real interest rate set at 4% and capital gains tax set at the 
marginal income tax rate (20% and 33%) 
Resulst_capital_gains_tax_r_3 = sensitivity testing with real interest rate set at 3% and capital gains tax set at the 
marginal income tax rate (20% and 33%) 
Results_capital_gains_tax_r_4_10 = sensitivity testing with real interest rate set at 4% with a flat 10% capital gains 

s9(2)(a)

s9(2)(a)
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tax 
Results_land_tax_r_4 = baseline simulation with real interest rate set at 4%, and a land tax rate of 0.5% 
Results_land_tax_r_3 = sensitivity testing with real interest rate set at 3% and a land tax rate of 0.5% 
 
Eta = 0.5, is elastic housing supply 
Eta = 1, is linear housing supply 
Eta = 2, in inelastic housing supply 
 
ll = 0, landlord does not pay CGT (land tax in the land tax simulations) ll = 1, landlord pays CGT (land tax in the land 
tax simulations) hh = 0, households do not pay CGT (land tax in the land tax simulations) hh = 1, households pay 
CGT (land tax in the land tax simulations) 
 
1 = 0 % inflation 
1.01 = 1% inflation 
1.02 = 2% inflation 
1.03 = 3% inflation 
 
In the excel spreadsheet, rents are for the 12.5 year period. 
 
Cheers 
 
Andrew 
 
-- 
CONFIDENTIALITY NOTICE The information in this email is confidential to the Treasury, intended only for the 
addressee(s), and may also be legally privileged. If you are not an intended addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 2733); b. any 
use, dissemination or copying of this email is strictly prohibited and may be unlawful. 
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Wednesday, 4 July 2018 5:47 PM
To: Andrew Coleman
Subject: RE: Updated Model Appendix

I’m grateful that you did prioritise the Treasury modelling.  
 
The TWG will discuss “productivity” (amongst other things) on 20 July, and we will be sending papers for that 
meeting on 13 July. So would be useful timing if it comes early next week.  
  
 
From: Andrew Coleman [ ]  
Sent: Wednesday, 4 July 2018 5:41 p.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: RE: Updated Model Appendix 
 
Unfortunately I have been significantly distracted by the Treasury work in the last two –three weeks – I am starting 
to become quite embarrassed at the delay in the PC tax submission. I would like to say Friday but that will not be the 
case. But it is my next highest priority, even taking into account my teaching that starts next week.  
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and 
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

   

  

From: Oscar Parkyn [TSY] [mailto:Oscar.Parkyn@treasury.govt.nz]  
Sent: Wednesday, 4 July 2018 5:37 p.m. 
To: Andrew Coleman  
Subject: RE: Updated Model Appendix 
 
Thank you. I expected as much, but good to have confirmed.   
 
By the way, any idea when the Productivity Commission’s submission will come in?  

s9(2)(a)

s9(2)(a)

s9(2)(a)

 

 

 

20190204 TOIA Binder Doc 19
Page 95 of 162



2

 
From: Andrew Coleman 
Sent: Wednesday, 4 July 2018 5:34 p.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: RE: Updated Model Appendix 
 
Sorry to be slow, I have been a meeting all afternoon. 
 
It is 8 income eightiles – just the average welfare of the first 1/8 of the income distribution  and so on. For singles we 
have 40 income distributions for single men and single women and I took the average over the bottom and top half 
of each group. 
 
It is part of the tidy-up we are currently doing – everything is a bit rushed, we wanted to get the main results to you 
as early as we could this week, with the discussion, as we figured you would be able to use this and the details won’t 
change too much (we hope)  
regards 
andrew 
 

Andrew Coleman | Consultant 
New Zealand Productivity Commission | Te Kōmihana Whai Hua o Aotearoa 

| www.productivity.govt.nz 

 

[CONFIDENTIALITY NOTICE: The information in this email is confidential to the Productivity Commission, intended only for the addressee(s), and
may also be legally privileged. 
If you are not an intended addressee a. please immediately delete this email and notify the Commission by return email or telephone (64 4 903 
5150). 
Any use, dissemination or copying of this email is strictly prohibited and may be unlawful.] 

   

  

From: Oscar Parkyn [TSY] [mailto:Oscar.Parkyn@treasury.govt.nz]  
Sent: Wednesday, 4 July 2018 1:59 p.m. 
To: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz>; Mark Vink [TSY] <Mark.Vink@treasury.govt.nz>; 
Bevan Lye [TSY] <Bevan.Lye@treasury.govt.nz>; Michael Sherwood [TSY] <Michael.Sherwood@treasury.govt.nz> 
Cc: Andrew Coleman <andrew.coleman@otago.ac.nz>; Peter Gardiner [TSY] <Peter.Gardiner@treasury.govt.nz>; 
Andrew Coleman  
Subject: RE: Updated Model Appendix 
 
Many thanks Andrew.  
 
Really appreciate all of your hard work to deliver in the timeframe. 
 
Maybe I’ve missed it, but could you clarify the definitions of the following groups in the distributional analysis: 
Couples – 1 

s9(2)(a)
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Couples – 2 
Couples – 3 
Couples – 4 
Couples – 5 
Couples – 6 
Couples – 7 
Couples – 8 
 
Singles – F 1  
Singles – F 2  
Singles – M 1  
Singles – M 2  

   
 
 
From: Andrew Binning [TSY]  
Sent: Tuesday, 3 July 2018 12:10 p.m. 
To: Mark Vink [TSY] <Mark.Vink@treasury.govt.nz>; Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>; Bevan 
Lye [TSY] <Bevan.Lye@treasury.govt.nz>; Michael Sherwood [TSY] <Michael.Sherwood@treasury.govt.nz> 
Cc: Andrew Coleman <andrew.coleman@otago.ac.nz>; Andrew Coleman < >
Subject: Updated Model Appendix 
 
[IN-CONFIDENCE] 
 
Hi All, 
Andrew C has updated the model appendix. It’s missing a conclusion, but I have had a read through and it looks 
pretty good to me (if I get some time this afternoon or tonight I will give it a thorough re-read). 
Cheers 
Andrew 
 
Andrew Binning | Modelling & Research Analyst | The Treasury 

 andrew.binning@treasury.govt.nz 

 

CONFIDENTIALITY NOTICE 

 
The information in this email is confidential to the Treasury, intended only for the addressee(s), and may also be legally privileged. If you 
are not an intended addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 2733); 
b. any use, dissemination or copying of this email is strictly prohibited and may be unlawful.  
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Thursday, 5 July 2018 12:32 PM
To: Andrew Binning [TSY]; Andrew Coleman; Andrew Coleman
Cc: Peter Gardiner [TSY]; Mark Vink [TSY]; Bevan Lye [TSY]; Michael Sherwood [TSY]
Subject: RE: Updated Model Appendix

Hi Andrew and Andrew 
 
I think you are still to add a conclusion and refining the paper, which we look forward to. In particular we would ask 
that the note provides more explanation of the drivers behind the result that house prices increase under a CGT on 
landlords. The effect on house prices will receive a lot of focus and this result is counter-intuitive and differs from 
other (admittedly much simpler) modelling estimates.  A CGT on all houses is outside the Government’s terms of 
reference, so would focus your efforts on explaining the scenario with a CGT on landlords.   
 
Would you also be free to discuss (can be by phone) on Monday or Tuesday?  
 
thanks 
Oscar 
 
 
From: Andrew Binning [TSY]  
Sent: Wednesday, 4 July 2018 2:17 p.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>; Mark Vink [TSY] <Mark.Vink@treasury.govt.nz>; Bevan 
Lye [TSY] <Bevan.Lye@treasury.govt.nz>; Michael Sherwood [TSY] <Michael.Sherwood@treasury.govt.nz> 
Cc: Andrew Coleman <andrew.coleman@otago.ac.nz>; Peter Gardiner [TSY] <Peter.Gardiner@treasury.govt.nz>; 
Andrew Coleman < > 
Subject: RE: Updated Model Appendix 
 
Hi Oscar, 
Andrew C has done a really good job putting all this together. Andrew C also put this table together, and he may 
correct me if I have interpreted this incorrectly, but we have modelled couples and single males and females. He has 
broken the couples up into 8 bins (I assume they are equal sized) based on their lifetime earnings. Couples 1 
represents the couples with the lowest incomes and Couples 8 represents couples with the highest incomes. This 
allows us to see how the introduction of a capital gains tax affects poorer couples relative to richer couples. The 
singles are only split into two bins. 
Andrew 
 
From: Oscar Parkyn [TSY]  
Sent: Wednesday, 4 July 2018 1:59 PM 
To: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz>; Mark Vink [TSY] <Mark.Vink@treasury.govt.nz>; 
Bevan Lye [TSY] <Bevan.Lye@treasury.govt.nz>; Michael Sherwood [TSY] <Michael.Sherwood@treasury.govt.nz> 
Cc: Andrew Coleman <andrew.coleman@otago.ac.nz>; Peter Gardiner [TSY] <Peter.Gardiner@treasury.govt.nz>; 
Andrew Coleman < > 
Subject: RE: Updated Model Appendix 
 
Many thanks Andrew.  
 
Really appreciate all of your hard work to deliver in the timeframe. 
 
Maybe I’ve missed it, but could you clarify the definitions of the following groups in the distributional analysis: 
Couples – 1 
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Couples – 2 
Couples – 3 
Couples – 4 
Couples – 5 
Couples – 6 
Couples – 7 
Couples – 8 
 
Singles – F 1  
Singles – F 2  
Singles – M 1  
Singles – M 2  

   
 
 
From: Andrew Binning [TSY]  
Sent: Tuesday, 3 July 2018 12:10 p.m. 
To: Mark Vink [TSY] <Mark.Vink@treasury.govt.nz>; Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>; Bevan 
Lye [TSY] <Bevan.Lye@treasury.govt.nz>; Michael Sherwood [TSY] <Michael.Sherwood@treasury.govt.nz> 
Cc: Andrew Coleman <andrew.coleman@otago.ac.nz>; Andrew Coleman < >
Subject: Updated Model Appendix 
 
[IN-CONFIDENCE] 
 
Hi All, 
Andrew C has updated the model appendix. It’s missing a conclusion, but I have had a read through and it looks 
pretty good to me (if I get some time this afternoon or tonight I will give it a thorough re-read). 
Cheers 
Andrew 
 
Andrew Binning | Modelling & Research Analyst | The Treasury 

| andrew.binning@treasury.govt.nz 
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Ivan Esler [TSY]

From: Andrew Coleman <andrew.coleman@otago.ac.nz>
Sent: Friday, 6 July 2018 11:38 AM
To: Andrew Binning [TSY]; Oscar Parkyn [TSY]
Subject: Box for Oscar
Attachments: Box about rental housing.docx

Hi Andrew , Oscar 
Here is a box (or a cube) with a lengthy numerical example that I have written to help explain what is going 
on the model. Ther eis no easy way to explain it, but I find this approach useful. Ther eis a table showing 
the costs of renting and owner-occupancy for a household with a 20% deposit, and how the numbers 
change when the tax system and the inflation rate change. I find the numbers to be useful as they give a 
fairly good ide of the magnitudes involved with the tax changes. The model asusme constant house prices 
and then discusss how the changes in the rents and mortgage costs etc will change the demand to rent 
and the demand to own. This is used to expalin why house prices could increase.  
 
Oscar 
Doe this help? Do you want it added as an appendix or as a box to the paper? 
 
Andrew 
Will this work as an addition to the paper? 
 
thanks 
Andrew 
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Box – the effect of the tax system on young homeowners 

 

The accompanying table outlines the calculations facing landlords and young potential homeowners. 
It is assumed that a first house costs $400,000, costs such as maintenance and insurance and rates 
facing landlords and homeowners are $5000 per year, the real interest rate is 4 percent, the tax rate 
is 33 percent, and inflation is either 0 or 2 percent.  The table shows the relative cost of owning or 
renting for a household with an $80,000 deposit. 

There are five columns. The first column assumes there is zero inflation and no tax on capital 
income. In this scenario, neither the tax rate or the inflation rate has any effect on the household’s 
decision.  In the remaining four columns the inflation rate is assumed to be 2 percent, but the tax 
regime varies: no taxes at all, the current tax regime, the current tax regime plus a capital gains tax 
on landlords, the current tax regime plus a capital gains tax on all households. 

When the inflation rate is zero and there is no tax, landlords charge $21,000 rent – just enough to 
cover the $16,000 interest they could earn plus the $5000 costs they face. If the young household 
lent their $80000 and rented, their net cash costs would be $21000 less $3200 interest, or $17800.  
However, a standard 25-year amortizing mortgage of $320,000 requires an annual payment of 
$20,483, including $7683 principal repayment. Purchasing a house means the household has to find 
this amount plus $5000 costs, which is $25,483 or $7683 more than the cost of renting and lending. 
The additional cash flow requirement is exactly the same as the principal repayments they make. 
The overall cost of renting and owning is the same in these two cases but owning comes with the 
obligation to save more. If a household cannot borrow any additional amounts, they may choose to 
rent rather than own as this frees up cash for them to spend on other things. 

If the inflation rate is 2 percent, nominal interest rates increase to 6 percent (6.08 percent to be 
precise). Suppose there is still no tax. Landlords need to make $24,320 to be as well off as lending 
money, and as they make $8000 capital gain the rent stays more or less the same as before: $21320. 
If the young household lent their $80000 and rented, their net cash costs would reduce to $16456, 
as they earn higher interest to compensate them for the loss of the value of their capital. However, a 
standard 25-year amortizing mortgage of $320,000 now requires annual payments of $25,223, 
including $5767 principal repayment. If the household purchases a house they have to find this 
amount plus $5000 costs, which is $30,223 or $13,767 more than the cashflow necessary to rent. 
The total cost of homeownership and renting is still the same, because they make $8000 capital gain 
in addition to the saving from the principal repayments. The cashflow requirement is nearly twice as 
large as when inflation was zero. Even though the cost of owning and renting are the same, inflation 
is likely to make many households defer home-ownership because they cannot find the additional 
cash, or cannot make the higher payments without suffering big drops in other consumption.  

The situation for young households changes under our current tax system. Landlords can afford to 
charge lower rents as they get tax-free capital gains. Since interest income is taxed, but capital gains 
are not, rents can fall by nearly $4000 to $17380. A young household that rents and lends now has 
net outgoings of only $14121. The cost of owner-occupancy is unchanged. This means the cashflow 
saving from renting has increased to $16102. Taking into account the homeowners savings and 
capital gains, renting is actually cheaper than owner-occupancy, by $2335. (This is not true for 
people with a large amount of equity in their homes: for someone who owns outright, the tax 
system makes them $4000 better off owning rather than renting and lending, even though they 
would be equally well off if there was no tax). The current tax system therefore provides big 
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cashflow advantages to renters, as well as making ownership cheaper overall, so long as they only 
have a small deposit.  

What happens if a capital gains tax is introduced on landlords? Landlords no longer make tax-free 
capital gains and have to raise rents by nearly $4000 to $21320 (the same as if there were no taxes 
at all) to make as much as lending their money. The increase in rents not only reduces the cashflow 
advantages of renting, but it makes it more expensive than owning. Potential renters now face a 
much more difficult choice. Under the current tax system renting saves them $2335, and requires 
$16100 less cash. Under the new system it costs them $1605 more to rent than own, and only frees 
up $12162. Many more people will want to purchase in these circumstances, despite the higher 
cash-flow costs. Other people will wish they could afford to make the high interest payments, but 
choose to rent because they can’t afford the high mortgage payments that include large principal 
repayments. 

If a capital gains tax is introduced on owner-occupiers and landlords, the calculus changes again. 
Rents remain elevated; the cashflow costs of homeownership remain the same (depending on when 
the capital gains tax is paid); but the overall gains from homeownership are reduced, and are once 
again negative for people with low equity in their homes. They are still positive for people who have 
a large equity position in their home, as they have to pay full tax on interest earnings but they only 
pay tax on capital gains, not their imputed rent. 

These calculations indicate that a capital gains tax on landlords is likely to raise rents, assuming 
house prices stay the same. But won’t house prices change? Yes, they will. But it is not obvious that 
they will decline. When a capital gains tax is introduced on landlords, home-ownership becomes 
more attractive than it does under the current tax system, and more attractive than a neutral (zero 
tax) system. This means young households will compete amongst themselves for the available 
supply of houses, for even though landlords no longer get a tax advantage the households tax 
advantage households gain relative to renting and lending is larger, and it increases with the equity 
they have in their houses. This competition will place a floor on house prices. It is not clear how low 
the floor will be. It will be lower if there is a capital gains tax on all households as owner-occupiers 
will be less prepared to pay a premium to purchase as the advantages of homeownership are not as 
great. 

It is possible that house prices could increase. Relative to the current tax regime, a tax regime with 
capital gains taxes on landlords increases the long run benefit and reduces the cashflow advantage 
of renting. This will make young households less willing to defer home-ownership. Currently many 
young people share accommodation with each other or their parents, rather than purchasing a 
house by themselves (or with their partner) and leaving bedrooms empty.  If they share with other 
young people, this reduces the total demand for housing relative to the case that they rent or 
purchase and live by themselves. If they leave these shared housing arrangements earlier under the 
new tax regime, because the advantages of renting are so much lower, the total demand for housing 
will increase. Paradoxically, this increase in the total demand for housing could increase house 
prices. The net position will depend if credit-constrained young households are more willing than 
landlords to buy houses when if the trade-off between the cashflow-advantage and the total-cost 
advantage or disadvantage of renting is altered. The model in this paper suggests they are leading to 
a modest increase in house prices.  
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The costs and benefits of renting versus purchasing housing for different households 

  Inflation = 0% Inflation = 2%
  No tax No tax Current 

tax 
CGT 
landlords 

CGT all 
households

Lending $400,000
-after tax income 16000 24320 16294 16294 16294
 

Landlords with $400,000
-after tax capital gain 0 8000 8000 5360 5360 
-costs -5000 -5000 -5000 -5000 -5000
-rent 21000 21320 17380 21320 21320
 

Young household with $80000 deposit
Renting  
-interest 3200 4864 3259 3259 3259 
-net rental  -17800 -16456 -14121 -18061 -18061
Owning  
-capital gain 0 8000 8000 8000 5360 
-interest payment -20484 -25223 -25223 -25223 -25223
-(principal) 7684 5767 5767 5767 5767 
-costs -5000 -5000 -5000 -5000 -5000
-total cashflow -25484 -30223 -30223 -30223 -30223
-net costs -17800 -16456 -16456 -16456 -19096
    
Advantage of ownership 0 0 -2335 1605 -1035
Cashflow disadvantage -7684 -13767 -16102 -12162 -12162
 

Household with $400,000 owning house outright
Advantage of ownership 0 0 4085 8026 5386 

Source: authors’ calculations. The tax rates are assumed to be 0% or 33% in all calculations. The real interest 
rate is 4%. The inflation rate is either zero (first column) or 2% (remaining columns). 
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Ivan Esler [TSY]

From: Andrew Coleman <andrew.coleman@otago.ac.nz>
Sent: Monday, 9 July 2018 11:24 AM
To: Oscar Parkyn [TSY]
Subject: RE: Box for Oscar

Yes I can. I’ll try a couple of minutes early as things don’t always work for me first time. 
 
From: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>  
Sent: Monday, 9 July 2018 11:11 AM 
To: Andrew Coleman <andrew.coleman@otago.ac.nz> 
Cc: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: RE: Box for Oscar 
 
Hi Andrew 
 
Could you dial into our meeting at 3pm? This will be with Tsy and IRD officials.  
 
To conference call into this meeting: 
 
Please dial:            0800 452 934 
 
Guest Passcode: 551 904 0962 
 
(If that doesn’t work, please call on my mobile 0220946893) 
 
Thanks 
Oscar 
 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Friday, 6 July 2018 6:31 p.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Cc: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: Re: Box for Oscar 
 
Monday is the day I don't teach, so the timing works. I can't remember my phone number but I can send it 
to you. Yes, it would be good to discuss these questions. I think the paper has a footnote about the land 
tax results, but there is more to discuss, and it is probably not too difficult to find a land tax rate that 
generates similar revenue. My impression of the results is that 
(a) a land tax leads to a small increase in prices if only imposed on landlords 
(b) It leads to a bigger decline in house prices if imposed on all households (because it corrects 
the distortion that imputed rent is not taxed rather the distortion that capital gains are not taxed, and this 
is a bigger distortion when inflation is 2 percent or income growth is 1 percent.  
 
AC  

From: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Sent: Friday, 6 July 2018 4:38 p.m. 
To: Andrew Coleman 
Cc: Andrew Binning [TSY] 
Subject: RE: Box for Oscar  
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Thanks Andrew. 
  
Would you be available for us to phone you at 3-3.30 on Monday to ask any further questions about the paper? I 
know you are teaching, so if not we will follow up by email.  
  
It would be good to have the land tax results.  Do you mean that a land tax on landlords would increase house prices 
by more than a CGT? Is that for a land tax that raises the same amount of revenue? Would be interested to know 
whether the effects on house prices from a land tax and CGT that raised equivalent revenue would have the same 
effect on house market. I think you previously noted it would depend on salience of the tax, but would be good to 
have the model’s answer to that question (assuming rational expectations).  
  
Thanks 
Oscar 
  
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Friday, 6 July 2018 3:38 p.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: Re: Box for Oscar 
  
That is the key mechanism. 
as the "Box" indicates, the cost and benefits of renting may change quite a bit if there is a tax on 
landlords.  
(a) the cashflow attractiveness of renting reduces (you have lower outgoings because you don't have to 
make principal repayments ) 
(b) the long term wealth advantage of owning improves (in the numbers I gave you it goes from being a 
cost advantage for renting to a cost disadvantage for renting) 
  
The contention of the model is that this will induce upward demand for housing. 
How realistic? we have a number of shared households in the model that surprised us -  on the order of a 
25% of households and 10% of houses. This seems consistent with your numbers, or at least not 
outlandish. It is bigger in the simulations we have now relative to those of 10 years ago because house 
prices are higher and because we made an effort to capture the number of young singles, not just young 
couples and this introduces a much larger number of people who have modest income. 
  
I agree that the mechanism is surprising. That is always the benefit of a model. i really don't know what the
size of the effect is, but these simulations suggest it could be sizeable. we do exaggerate it relative to 
simulations where the bulk of sharing takes place through living with parents, becayse young agents in this 
case won't experience an increase in rents.  
  
Grant scobie and I examined this mechanism a decade ago we we developed a theoretical model to 
investigate housing markets. I really believe it is an important mechanism as it is the main way that 
housing demand adjusts to meet housing supply when the response of housing supply is slow. But the 
basic more important point is that you have to identify the constraints and incentives facing the marginal 
players in the housing market, and tax changes that are applied to one type of player rather than all types 
may have smaller effects than you imagine.  
  
We actually are very conscious of our qualifications. We have rational expectations in the model . ig 
expectations are significantly influenced by the tax regime - and the current regime has encouraged over-
optimistic expectations , than this effect will be smaller than we say because landlords will currently have 
much higher willingness to pay for property than owner-occupiers. Changing the tax system could destroy 
these expectations. 
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Lastly, our simulations with land tax have larger price effects than our simulations with a CGT. I don't know 
whether you want these results. 
  
AC 

From: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Sent: Friday, 6 July 2018 1:48 p.m. 
To: Andrew Coleman; Andrew Binning [TSY] 
Subject: RE: Box for Oscar  
  
[IN-CONFIDENCE] 
  
Thanks for this Andrew.  
  
So the key mechanism that increases house prices above baseline is that some people living in shared 
accommodation before the policy change will want to buy their own accommodation, increasing the total demand 
for housing?  
  
People may ask how plausible it is that this channel dominates other channels that would tend to dampen house 
prices.  
  
Chris Ball sent me this data on multiple economic units in households from HES. Does the fraction in shared houses 
broadly match the data in this respect? (Indicates 1 in 4 households have multiple economic units so probably adds 
to the plausibility of the result.)  
                                                                                   
Of the 1,691,000 households there are 432,000 with multiple economic family units (or around 26%).  I have included a 
more detailed table below. 
  

# of families in household # of households 
1 1,259,000 
2 284,000 
3 115,000 
4 21,000 

5 or more 12,000 
  
  
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Friday, 6 July 2018 11:38 a.m. 
To: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz>; Oscar Parkyn [TSY] 
<Oscar.Parkyn@treasury.govt.nz> 
Subject: Box for Oscar 
  
Hi Andrew , Oscar 
Here is a box (or a cube) with a lengthy numerical example that I have written to help explain what is going 
on the model. Ther eis no easy way to explain it, but I find this approach useful. Ther eis a table showing 
the costs of renting and owner-occupancy for a household with a 20% deposit, and how the numbers 
change when the tax system and the inflation rate change. I find the numbers to be useful as they give a 
fairly good ide of the magnitudes involved with the tax changes. The model asusme constant house prices 
and then discusss how the changes in the rents and mortgage costs etc will change the demand to rent 
and the demand to own. This is used to expalin why house prices could increase.  
  

 

 

 

20190204 TOIA Binder Doc 23
Page 106 of 162



4

Oscar 
Doe this help? Do you want it added as an appendix or as a box to the paper? 
  
Andrew 
Will this work as an addition to the paper? 
  
thanks 
Andrew 
  
CONFIDENTIALITY NOTICE 
 
The information in this email is confidential to the Treasury, intended only for the addressee(s), and may also be legally privileged. If you 
are not an intended addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 2733); 
b. any use, dissemination or copying of this email is strictly prohibited and may be unlawful.  
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Monday, 16 July 2018 5:24 PM
To: Andrew Coleman
Subject: RE: Paper for TWG

Thanks Andrew.  
 
Please dial same number as before. I’ll also send you a meeting invite.  
 
Please dial:            0800 452 934 
 
Guest Passcode: 551 904 0962 
 
Regards 
Oscar 
 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Monday, 16 July 2018 5:01 p.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: RE: Paper for TWG 
 
That will work fine. 
 
Thanks for your last email. I hadn’t read Bartoli’s paper previously. It seems consistent with a lot of the recent work 
on the way that corporate taxes affect growth rates – I have read half a dozen on that theme now. It makes me 
understand why the OECD turned so much against corporate taxes and became so interested in recurrent land 
taxes.  
 
Must say, I wish I had read these papers a couple of months ago. Some members of the Productivity Commission 
weren’t impressed with the argument that the lack of social security taxes (or a failure to adopt the Nordic model) 
meant that we pay rather high corporate taxes in NZ. They may have been more impressed if I had linked that 
argument to the overseas evidence that high corporate taxes reduce economic growth rates  by slowing down the 
process by which firms converge to the technology frontier.  Not that the evidence is unanimous yet. 
 
 
From: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>  
Sent: Monday, 16 July 2018 4:51 PM 
To: Andrew Coleman <andrew.coleman@otago.ac.nz> 
Cc: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz>; ^IRD: Phil Whittington 
<Phil.Whittington@ird.govt.nz> 
Subject: RE: Paper for TWG 
 
Hi Andrew 
 
We would be grateful to have a phone call with you at 10:10-11:00 on Wednesday. Assuming that is OK, will be in 
touch with the phone number to dial in.  
 
thanks 
Oscar 
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From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Thursday, 12 July 2018 2:43 p.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: RE: Paper for TWG 
 
Ok, 
I teach for an hour at 9am, 1pm and 3pm on Wednesdays, 9am and 3pm on Tuesdays. Outside those times I’m good, 
with a 10 minutes allowance for travel. 
Midday Wednesday works. 
 
Thanks 
Andrew 
 
From: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>  
Sent: Thursday, 12 July 2018 12:54 PM 
To: Andrew Coleman <andrew.coleman@otago.ac.nz>; Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: RE: Paper for TWG 
 
Thanks Andrew.  
 
Mark has decided that we should take more time to think about your work and its implications.  So your paper will 
be sent to TWG in two weeks, not tomorrow. Would it be possible to set up another phone call with you next 
week?  If so, let us know what times would suit. Wednesday would be best for us, and can’t do Thurs or Friday. 
 
regards 
Oscar 
 
 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Thursday, 12 July 2018 10:31 a.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>; Andrew Binning [TSY] 
<Andrew.Binning@treasury.govt.nz> 
Subject: RE: Paper for TWG 
 
Hi Oscar 
 
(i)The use of the word “complex” hides an awful lot. How about something along the lines of  
 
The model is designed to evaluate how the tax system alters demand and supply pressures in the housing market, 
taking into account the way taxes change the relative cost of owning and renting property, and the time it takes for 
households to save up a large enough deposit to purchase a property. 
 
This at least gives the reader some idea of the nature of the issues that are examined. It can be squeezed in the first 
sentence of section 2 
 
(ii) You hide our main messages  when you talk about the distributional effects by using the word “regressive”. I 
think you should spell it out.  
(a)The work suggests that most young and low income households may be worse off if there is a CGT on landlords 
due to the increase in rents. The increase in home ownership rates will only compensate young households if 
housing prices fall. 
(b) The results suggest a CGT on all households will be much less regressive and will result in much better outcomes 
for many young and low income households, as house prices are likely to fall by a larger amount. 
 
regards 
andrew 
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From: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>  
Sent: Wednesday, 11 July 2018 7:22 PM 
To: Andrew Coleman <andrew.coleman@otago.ac.nz>; Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: Paper for TWG 
 
[UNCLASSIFIED] 
 
Hello Andrews 
 
We will send your paper to the TWG on Friday. Let me know if you want to make any final changes before 
we send it.  I’ve noticed one typo “3.1.2. Elastic Supply” (p.12) should be “3.1.2. Inelastic Supply”. 
 
At the same time, the TWG secretariat will provide a note to the TWG on housing affordability that will 
refer to your analysis. Draft text in our paper is below - can you let me know if you have any comments or 
allergic reactions to this: 
 
1. The Secretariat commissioned Dr. Andrew Coleman (University of Otago), in conjunction with Dr.

Andrew Binning (New Zealand Treasury), to model the long-term economic effects of a realisation-based 
CGT on the housing market. This work is based on a complex economic model that has been previously
published by Dr. Coleman.  

 
2. Key insights that can be drawn from the modelling: 

 
• The housing market is complex. The effects of CGT will depend on the interactions in the demand

and supply of different types of assets, different qualities of housing and in the choice between
owning and renting accommodation, among other factors. Dr. Coleman’s model simulates the 
behaviour of many households (differing in age, wealth, income and gender) over multiple
generations. The effects of a CGT on the housing market are highly uncertain given this
complexity.  

 
• A CGT on landlords would increase rents and homeownership rates in the long run. The model 

finds that a CGT on landlords would increase rents by 6 to 18 percent and the proportion of houses
owned by the occupants by 10 to 13 percentage points, depending on different assumptions. 

 
• A CGT on landlords may only have a small impact on house prices, and potentially slightly

increase house prices, as the behavioural responses of potential owner-occupiers could counteract
the reduced demand from investors on house prices.  

 
• A CGT would have significant distributional implications through its impact on property prices 

and rents. A CGT on landlords could have a regressive effect through the effect of increasing rents.
A distributional analysis is provided by income (for single and couple households) and gender (for 
single households).  
 

• A CGT that excludes owner-occupied housing would have significantly different effects to a CGT
that included owner-occupied housing.  

 
3. Key quantitative results from the modelling of a CGT on landlords in the long run: 

 
Variable Impact of CGT on landlords 
Rents +6% to +18%, depending on assumptions.
House prices +1% to +3%, depending on assumptions. 
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Home ownership (proportion of houses 
owned by occupant) 

+10 to +13 percentage points, depending 
on assumptions. 

 
 
regards 
Oscar 
 
 
 
 
Oscar Parkyn | Principal Advisor, Macroeconomic and Fiscal Policy/Tax Strategy| The Treasury/Kaitohutohu 
Kaupapa Rawa 

| Oscar.Parkyn@treasury.govt.nz   
 
Follow the Treasury on Twitter: www.twitter.com/nztreasury  
    
CONFIDENTIALITY NOTICE 
The information in this email is confidential to the Treasury, intended only for the addressee(s), and may also be legally privileged. If you are not an intended 
addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 2733); 
b. any use, dissemination or copying of this email is strictly prohibited and may be unlawful.  
 

s9(2)(k)
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Thursday, 12 July 2018 1:21 PM
To: Andrew Coleman
Subject: RE: Follow up question on differnet tax issue

[UNCLASSIFIED] 
 
Hi Andrew 
 
I don’t think there has been any specific focus on these papers in what has been released by the TWG. Look forward 
to your paper.  
 
Oscar 
 
 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Thursday, 12 July 2018 10:49 a.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: Follow up question on differnet tax issue 
 
Hi Oscar  
I have two questions, as I am finalising the Prod Comm paper (at long last) and it has two issues that I have not seen 
covered much yet. My question is whether these issues have been addressed, and if so where? – I have not read all 
the secretariat’s papers yet. 
 

(a) Issue 1: Regional Economics  – a take on Albouy (2008)  
This argument is similar to the Hseih-Morretti argument. Hseih and Morreti argue that land development 
regulations force up land prices in the most productive cities and discourage internal migration to take 
advantage of the high incomes in highly productivity cities such as San Francisco. This has material effect on 
average productivity levels. 
 
The Albouy argument is that income taxes and consumption taxes both discourage people from moving to 
highly productive cities and encourage migration to cities with high levels of natural amenities such as sun 
and surf as the latter are not taxed. The new equilibrium would lead to too many people in low income cities 
with good amenities (and higher land prices) and too few people in high productivity cities (and lower land 
prices.) A partial solution is a comprehensive land tax as this taxes the premium people pay to live in highly 
productive places or nice places. 
 
 

(b) The effects of corporate taxes on productivity growth  rates. 
There is a growing empirical literature arguing that tax structures affect productivity growth rates by taxing 
high performing firms in a sector more than poorly performing firms in the sector, as they make more 
money. This reduces the rate of convergence of firms close to the productivity frontier more than the 
convergence rate of firms far from the productivity firm – some of the estimates are appreciable. 
(Incidentally, Norman Gemmell is a co-author of some of these papers.)  

 
I am mainly curious to read what you have said about these issues so I can tailor the PC contribution accordingly.  
 
 
Thanks very much 
Andrew  
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Thursday, 12 July 2018 7:45 PM
To: Andrew Coleman
Subject: RE: Follow up question on differnet tax issue

[UNCLASSIFIED] 
 
With regard to the firm productivity convergence, would be interested to know how I reconcile this OECD paper 
with the literature you refer to: https://www.oecd-ilibrary.org/economics/firms-at-the-productivity-frontier-enjoy-
lower-effective-taxation_b102e5fc-en  
It finds that the high productivity firms have higher effective tax rates on average than lagging firms. It then offers a 
cash flow based explanation for why tax impedes productivity catch up. On the face of it, that seems a different 
mechanism than the idea that low productivity firms face lower taxes, although the policy implication is the same. 
But I could be misunderstanding.  
 
 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Thursday, 12 July 2018 10:49 a.m. 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: Follow up question on differnet tax issue 
 
Hi Oscar  
I have two questions, as I am finalising the Prod Comm paper (at long last) and it has two issues that I have not seen 
covered much yet. My question is whether these issues have been addressed, and if so where? – I have not read all 
the secretariat’s papers yet. 
 

(a) Issue 1: Regional Economics  – a take on Albouy (2008)  
This argument is similar to the Hseih-Morretti argument. Hseih and Morreti argue that land development 
regulations force up land prices in the most productive cities and discourage internal migration to take 
advantage of the high incomes in highly productivity cities such as San Francisco. This has material effect on 
average productivity levels. 
 
The Albouy argument is that income taxes and consumption taxes both discourage people from moving to 
highly productive cities and encourage migration to cities with high levels of natural amenities such as sun 
and surf as the latter are not taxed. The new equilibrium would lead to too many people in low income cities 
with good amenities (and higher land prices) and too few people in high productivity cities (and lower land 
prices.) A partial solution is a comprehensive land tax as this taxes the premium people pay to live in highly 
productive places or nice places. 
 
 

(b) The effects of corporate taxes on productivity growth  rates. 
There is a growing empirical literature arguing that tax structures affect productivity growth rates by taxing 
high performing firms in a sector more than poorly performing firms in the sector, as they make more 
money. This reduces the rate of convergence of firms close to the productivity frontier more than the 
convergence rate of firms far from the productivity firm – some of the estimates are appreciable. 
(Incidentally, Norman Gemmell is a co-author of some of these papers.)  

 
I am mainly curious to read what you have said about these issues so I can tailor the PC contribution accordingly.  
 
 
Thanks very much 
Andrew  
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Ivan Esler [TSY]

From: Oscar Parkyn [TSY]
Sent: Wednesday, 12 September 2018 11:01 AM
To: Andrew Coleman
Cc: Andrew Binning [TSY]; Peter Gardiner [TSY]; Mark Vink [TSY]; Steve Mack [TSY]; 

^IRD: Matt Benge; ^IRD: Phil Whittington
Subject: RE: Additional model runs of Binning-Coleman model
Attachments: FW: Simulation Results

Hi Andrew 
 
Hope you have survived the Dunedin winter. And really hoping you are able to find time for us amongst your other 
commitments. This work is really important for us, and do appreciate you are very busy, so let us know if you want 
to discuss. In particular, could you let us know when you will be able to provide the additional modelling results we 
previously discussed? As before, the high priority work is: 

• No financial constraints scenario: AB has already done this; we just need you to check AB’s results (as 
attached).   

• Results for standard set of etas (=0.5,2,5). Original paper presented inflationary capital gains scenario with 
eta=0.5,2 and real capital gains scenario with eta=5. AB has now modelled inflationary capital gains with 
eta=5 (waiting for your check, as attached). If you could also provide real capital gains scenario with eta=0.5 
and 2, that would cover off the sensitivity to etas (ie, we would have both scenarios for eta=0.5,2 and 5). 

• We are also keen to understand the sensitivity to occupancy rates.   
 
We would like to have your paper with Andrew Binning revised, incorporating these additional modelling results, 
and some other feedback from the TWG secretariat. Given your time constraints, suggest best way is that Andrew B 
work on revising the paper and he sends you an updated draft for your comment. This is dependent on the 
additional scenarios above. Would need a final revised paper by Friday 5 October, so grateful if additional scenarios 
can be completed as soon as possible.  
 
thanks 
Oscar 
 
 
From: Andrew Coleman <andrew.coleman@otago.ac.nz>  
Sent: Monday, 20 August 2018 5:11 PM 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Subject: RE: Additional model runs of Binning-Coleman model 
 
Hi Oscar, 
I shall try to do this, but I really can’t start up again until I have finished teaching this week.  My last lecture is 
Thursday, but I have a mountain of grading to do. 
I had planned to come to Wellington this week, but my session at the IRD tax conference was cancelled late last 
week. That will free up some time. 
 
The funniest thing about this from my perspective is that while the university gets paid (assuming I don’t miss the 
deadlines in an unacceptable way, which I realise I may be doing) I don’t get anything out of it but extremely  hard-
to-manage time pressures. It is bad enough when two jobs have pressures to meet deadlines that coincide, but this 
has certainly not helped. My issue is actually obligation to the NZPC and Otago students, and I really am not meeting 
the required standards to either at the moment. I am definitely over-committed and under-delivering at the 
moment. 
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I’ll make sure I email you later in the week to say I have restarted, and I won’t have anything else to work on during 
the weekend.  
 
andrew 
 
From: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>  
Sent: Monday, 20 August 2018 12:00 PM 
To: Andrew Coleman <andrew.coleman@otago.ac.nz> 
Cc: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: RE: Additional model runs of Binning-Coleman model 
 
Hi Andrew 
 
Thanks for this - we do greatly appreciate your work and do want to make this manageable. Main thing for us is 
having some clarity about what we can expect and when.  
 
Can I make a suggestion that you focus on parts of our request that are more straightforward and defer what is 
causing you difficulty (at present, we haven’t received any response which is causing some angst). I suggest that you 
could focus on:  

• No financial constraints scenario: AB has already done this; we just need you to check AB’s results.   
• Results for standard set of etas (=0.5,2,5). Original paper presented inflationary capital gains scenario with 

eta=0.5,2 and real capital gains scenario with eta=5. AB has now modelled inflationary capital gains with 
eta=5 (waiting for your check). If you could also provide real capital gains scenario with eta=0.5 and 2, that 
would cover off the sensitivity to etas (ie, we would have both scenarios for eta=0.5,2 and 5).   

 
I infer from your email that the scenario combining real and inflationary capital gains cannot currently be modelled. 
If so, suggest that is dropped for now and instead focus on getting the output above. Likewise, some advice about 
whether sensitivity to occupancy rates is feasible or not. 
 
Could this more limited set (checking AB’s output and eta=0.5,2 for real capital gains scenario) be done by, say, 
Wednesday next week (29 August)?  
 
thanks 
Oscar 
 
 
From: Andrew Coleman [mailto:andrew.coleman@otago.ac.nz]  
Sent: Monday, 20 August 2018 11:08 AM 
To: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz> 
Cc: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: RE: Additional model runs of Binning-Coleman model 
 
Hi Oscar 
I have just come back from a conference late last week and have only just got to see Andrew’s email – and I haven’t 
read it. This is also the last week of my teaching. I can probably restart work on this at the end of the week, but 
really can’t imagine doing so beforehand. I know this isn’t what you want to hear, and I don’t know how long it will 
take to find the solutions to the additional problems we discussed as the search algorithm was finding it difficult to 
find these solutions for reasons I have yet to fully understand. On the other hand, other than grading several 
hundred pieces of work over the next three weeks my teaching is coming to end which is an enormous relief.  
 
With hindsight, taking on this project was possibly not wise. Working two half-time jobs and taking on this has 
created nearly unmanageable time pressures. But I will get to it at the end of the week. 
 
Happy to discuss further, to see how to best resolve the situation.  
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andrew 
 
From: Oscar Parkyn [TSY] <Oscar.Parkyn@treasury.govt.nz>  
Sent: Monday, 20 August 2018 10:59 AM 
To: Andrew Coleman <andrew.coleman@otago.ac.nz>; Andrew Coleman 
Cc: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: RE: Additional model runs of Binning-Coleman model 
 
Hi Andrew 
 
The TWG and Minister of Finance have now read your modelling paper for the TWG. (We have also passed on your 
PC working paper to the TWG.)  
 
When could we expect the additional modelling output? We really would appreciate getting it asap (this week 
preferably).  I understand Andrew Binning has sent you model output for checking, so grateful if that could be 
prioritised.  
 
thanks 
Oscar 
 
From: Oscar Parkyn [TSY]  
Sent: Wednesday, 18 July 2018 12:54 PM 
To: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz>; Andrew Coleman <andrew.coleman@otago.ac.nz> 
Cc: ^IRD: Matt Benge ; ^IRD: Phil Whittington  Peter 
Gardiner [TSY] <Peter.Gardiner@treasury.govt.nz>; Paul Kilford [TSY] <Paul.Kilford@treasury.govt.nz>; Mark Vink 
[TSY] <Mark.Vink@treasury.govt.nz>; Steve Mack [TSY] <Steve.Mack@treasury.govt.nz>; Christopher Ball [TSY] 
<Christopher.Ball@treasury.govt.nz> 
Subject: Additional model runs of Binning-Coleman model 
 
[UNCLASSIFIED] 
 
Hi all 
 
Thanks for the meeting today. This is my recollection of the requests for additional model runs (in order of priority):
 
1. Scenario with capital gains of 2% inflation plus 1% real. 

o For eta=0.5,2,5 
2. Sensitivity to removing financial constraints 
3. Sensitivity to occupancy rates.  
 
Would be good to have tables with model output as soon as possible, not expecting it to be written up. 
 
Could you let us know when this could be feasibly done (or some of it)? We plan to send your note to TWG on Friday 
27 July, so would ideally want something in advance of that. 
 
thanks 
Oscar 
 
Oscar Parkyn | Principal Advisor, Macroeconomic and Fiscal Policy/Tax Strategy| The Treasury/Kaitohutohu 
Kaupapa Rawa 

| Oscar.Parkyn@treasury.govt.nz   

Follow the Treasury on Twitter: www.twitter.com/nztreasury  
    
CONFIDENTIALITY NOTICE 

s9(2)(a)s9(2)(a)

s9(2)(k)

 

 

 

s9(2)(a)

20190204 TOIA Binder Doc 27
Page 116 of 162



1

Ivan Esler [TSY]

From: Andrew Binning [TSY]
Sent: Tuesday, 11 September 2018 2:05 PM
To: Oscar Parkyn [TSY]
Subject: FW: Simulation Results
Attachments: results_capital_gains_tax_r_4.xlsx; results_capital_gains_tax_r_4_elast5.xlsx; 

compilation.xlsx; results_capital_gains_tax_r_4_no_constraints.xlsx

 
 
From: Andrew Binning [TSY]  
Sent: Thursday, 16 August 2018 12:52 PM 
To: 'Andrew Coleman' <andrew.coleman@otago.ac.nz> 
Subject: Simulation Results 
 
Hi Andrew, 
I am not sure if you had a chance to look at these. The others did not request these, so I didn’t circulate them, but 
they could be requested in the near future, so it would be good if you could tell me what you think. Also Oscar 
wants to know if you have made any progress on the model with both real and nominal capital gains?  
Thanks 
Andrew 
 
From: Andrew Binning [TSY]  
Sent: Wednesday, 25 July 2018 9:05 AM 
To: 'Andrew Coleman' <andrew.coleman@otago.ac.nz> 
Subject: FW: Simulation Results 
 
Hi Andrew, 
Have you had a chance to look at these? I was supposed to send these to the tax secretariat guys yesterday, and if 
you can’t get back to me this morning, I will have to send them without your comment. 
Andrew 
 
From: Andrew Binning [TSY]  
Sent: Tuesday, 24 July 2018 12:59 PM 
To: 'Andrew Coleman' <andrew.coleman@otago.ac.nz> 
Subject: Simulation Results 
 
[IN-CONFIDENCE] 
 
Hi Andrew, 
Here are the results from the simulations, with and without constraints. I have not completed the results with a CGT 
on all households yet, hence the results are only for the current tax regime and a cgt on landlords. Do these results 
square up with your earlier work? I have attached on the excel spreadsheets with the raw data, in case you want to 
have a look. The tax secretariat is hoping I can send these results around today. I have also included the results for 
eta = 5. 
Cheers 
Andrew 
 
 

No Constraints     
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  neta = 0.5       neta = 2 

  Current tax 
CGT on 
landlords 

% 
difference     

annual rent 13800 2394.982342 17.35494   annual rent 
Small house price  341000 5404.204748 1.584811   Small house price
Large house price 627000 4745.055868 0.756787   Large house price
Number small houses  1110000 42865.85366 3.861789   Number small ho
Number large houses 433000 6765.625 1.5625   Number large hou
fraction houses rented 0.32748538 -0.113132217     fraction houses re
Fraction "agents" rented 0.42375 -0.1175     Fraction "agents"

     
Constraints     
     
  neta = 0.5       neta = 2 

  Current tax 
CGT on 
landlords 

% 
difference     

annual rent 13800 2309.670678 16.73674   annual rent 
Small house price  336000 3252.839929 0.968107   Small house price
Large house price 634000 12271.12123 1.935508   Large house price
Number small houses  1056000 12410.25641 1.175214   Number small ho
Number large houses 443000 16908.39695 3.816794   Number large hou
fraction houses rented 0.365186857 -0.13246853     fraction houses re
Fraction "agents" rented 0.4725 -0.1225     Fraction "agents"

 
 
Eta = 5 
 

  neta = 5     

  
Current 
tax 

CGT on 
landlords 

CGT on all 
houses 

annual rent 16500 4096.197 -26484.6
Small house price  406000 29321.4 -617956
Large house price 671000 45917.13 -8622035
Number small houses  965000 13543.86 -560937
Number large houses 455000 5631.188 148984.2
fraction houses 
rented 0.483452 -0.11564 0.26226
Fraction "agents" 
rented 0.59375 -0.09875 0.15625

 
 
 
Andrew Binning | Modelling & Research Analyst | The Treasury 

 andrew.binning@treasury.govt.nz 
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No Constraints

neta = 0.5 neta = 2
Current tax CGT on landlords % difference Current tax CGT on landlords % difference

annual rent 13800 2394.982342 17.35494 annual rent 15400 3461.565282 22.4777
Small house price 341000 5404.204748 1.584811 Small house price 386000 18250.05783 4.727994
Large house price 627000 4745.055868 0.756787 Large house price 639000 30187.46546 4.724173
Number small houses 1110000 42865.85366 3.861789 Number small houses 1037000 23696.40914 2.285092
Number large houses 433000 6765.625 1.5625 Number large houses 451000 10147.5 2.25
fraction houses rented 0.32748538 -0.113132217 fraction houses rented 0.416729846 -0.10983585
Fraction "agents" rented 0.42375 -0.1175 Fraction "agents" rented 0.518125 -0.103125

Constraints

neta = 0.5 neta = 2
Current tax CGT on landlords % difference Current tax CGT on landlords % difference

annual rent 13800 2309.670678 16.73674 annual rent 15400 2786.281854 18.09274
Small house price 336000 3252.839929 0.968107 Small house price 373000 10353.7567 2.775806
Large house price 634000 12271.12123 1.935508 Large house price 654000 15524.24578 2.373738
Number small houses 1056000 12410.25641 1.175214 Number small houses 1006000 14661.43498 1.457399
Number large houses 443000 16908.39695 3.816794 Number large houses 457000 4513.580247 0.987654
fraction houses rented 0.365186857 -0.13246853 fraction houses rented 0.416602416 -0.108890594
Fraction "agents" rented 0.4725 -0.1225 Fraction "agents" rented 0.526875 -0.095
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Inflation RateHouse PriceFlat Price Rent Rentals Shared Total RentalsTotal HousesTotal Flats Total Properties
Elasticity = 0.5
ll = 0 neta = 0.5 neta = 2
hh = 0 Current tax CGT on landlordsCGT on all houses Current tax CGT on landlordsCGT on all houses

1 635300.5 337300.2 192058.8 250 400 383.3333 394 939 1333 annual rent 13800 2309.671 2149.445 annual rent 15400 2786.282 2149.248
1.01 632749.4 336094.1 181249.9 296 413 433.6667 391 933 1324 Small house price 336000 3252.84 120.5499 Small house price 373000 10353.76 -2192.205
1.02 634124 336755.2 173351.2 350 406 485.3333 393 936 1329 Large house price634000 12271.12 -11779.61 Large house price654000 15524.25 -15119.7
1.03 633749.3 337599 166608.7 446 396 578 392 943 1335 Number small houses 1056000 12410.26 18492.1 Number small houses 1006000 14661.43 772.009

Number large houses443000 16908.4 -16930.02 Number large houses457000 4513.58 -5643.341
fraction houses rented0.365187 -0.132469 -0.069698 fraction houses rented0.416602 -0.108891 -0.061597
Fraction "agents" rented0.4725 -0.1225 -0.058125 Fraction "agents" rented0.526875 -0.095 -0.048125

ll = 1
hh = 0

1 637073.4 337320.4 192337.5 248 400 381.3333 396 937 1333
1.01 641558.4 338819.9 197343.8 226 382 353.3333 402 943 1345
1.02 646395.2 340008.1 202222.1 193 367 315.3333 408 947 1355
1.03 647016.9 340691.4 206044.3 177 358 296.3333 409 951 1360

ll = 1
hh = 1

1 636831.8 337352.4 192413.8 248 400 381.3333 396 938 1334
1.01 627479.7 336898.5 195650.4 255 405 390 385 946 1331
1.02 622344.4 336875.8 199368.1 258 405 393 378 952 1330
1.03 616026.4 336396.8 202766.8 265 412 402.3333 371 956 1327

Elasticity = 1
ll = 0
hh = 0

1 645143.2 352252.1 200153 269 420 409 403 918 1321
1.01 641395.4 350972.9 188733.4 319 428 461.6667 401 915 1316
1.02 643760.2 351333.1 181841.5 361 425 502.6667 402 915 1317
1.03 636763.9 352555.9 172568.1 465 418 604.3333 398 924 1322

ll = 1
hh = 0

1 645260 351910.6 200355.7 269 420 409 403 916 1319
1.01 652218.8 354714.8 206761.3 243 404 377.6667 408 923 1331
1.02 655426.8 358105.6 213224.4 224 387 353 410 933 1343
1.03 660744.9 359588.5 217430.2 192 375 317 413 935 1348

ll = 1
hh = 1

1 644927.2 352017 200251.5 267 419 406.6667 403 917 1320
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1.01 635561.7 351224 204788.5 268 423 409 397 920 1317
1.02 624572.9 349939.9 207173.2 286 430 429.3333 390 922 1312
1.03 617001.5 349504.2 210592 284 434 428.6667 386 925 1311

Elasticity = 2
ll = 0 Current tax CGT on landlordsCGT on all houses
hh = 0

1 661914.6 374970.8 212668 296 452 446.6667 407 892 1299 annual rent 15400 2786.282 2149.248
1.01 652923.4 370938.3 198910.4 352 464 506.6667 404 888 1292 Small house price 373000 10353.76 -2192.205
1.02 654959.8 373395.3 192591.7 389 454 540.3333 405 892 1297 Large house price654000 15524.25 -15119.7
1.03 651682.3 375401.5 185291.5 461 451 611.3333 404 896 1300 Number small houses 1006000 14661.43 772.009

Number large houses457000 4513.58 -5643.341
fraction houses rented0.416602 -0.108891 -0.061597
Fraction "agents" rented0.526875 -0.095 -0.048125

ll = 1
hh = 0

1 658799.7 373687 212258.4 301 455 452.6667 406 891 1297
1.01 668238.2 379064.3 220544 275 439 421.3333 409 897 1306
1.02 670484 383749.1 227420.2 261 430 404.3333 409 905 1314
1.03 679801.3 386954 233562.8 242 421 382.3333 412 907 1319

ll = 1
hh = 1

1 658873.6 373196.1 212205.1 303 458 455.6667 406 890 1296
1.01 649737.5 372195.8 216657 302 458 454.6667 403 891 1294
1.02 639840.1 371203.1 219365.6 305 461 458.6667 400 892 1292
1.03 634935.5 372166.9 224721.6 301 462 455 398 896 1294
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Inflation RateHouse PriceFlat Price Rent Rentals Shared Total RentalsTotal HousesTotal Flats Total PropertiesGST
Elasticity = 5
ll = 0 neta = 5
hh = 0 Current taxCGT on landlordsCGT on all houses

1 684785.4 413061.9 234235.8 368 506 536.6667 405 857 1262 0.137241 annual rent 0 -10.4 32
1.01 681305.6 409496.8 220324.9 390 510 560 405 856 1261 0.138902 Small house price 207000 51202.46 -331991
1.02 671763.7 406399.9 207183.9 438 512 608.6667 404 855 1259 0.141783 Large house price406000 29321.4 -617956
1.03 670566 408801.1 202933 471 508 640.3333 404 856 1260 0.142472 Number small houses 1420000 19173.95 -410971

Number large houses965000 13543.86 -560948
fraction houses rented5042.14 -1830.95 -5042.14
Fraction "agents" rented0.700417 -0.10458 0.21625

ll = 1
hh = 0

1 688362.4 414102.7 234632.6 359 503 526.6667 406 858 1264 0.137816
1.01 703828.8 422459.5 245908.9 328 493 492.3333 408 861 1269 0.131415
1.02 717680.8 435721.3 258386.3 308 484 469.3333 409 867 1276 0.127367
1.03 723829.4 444058.1 267524.4 296 481 456.3333 410 871 1281 0.125017

ll = 1
hh = 1

1 692342.5 417735.1 237119.7 354 503 521.6667 406 859 1265 0.137735
1.01 680287.3 412366.7 240174.7 349 504 517 405 858 1263 0.113364
1.02 -7950271 -211556 -124807 400 800 666.6667 536 358 894 -594534
1.03 -2283367 431215.8 379505.9 0 0 0 417 856 1273 0.181264
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Inflation RateHouse PriceFlat Price Rent Rentals Shared Total RentalsTotal HousesTotal Flats Total PropertiesGST
Elasticity = 0.5
ll = 0 neta = 0.5
hh = 0 Current tax CGT on landlordsCGT on all houses

1 626023.8 343700.3 190216.3 258 324 366 383 1002 1385 0.149388 annual rent 13800 2394.982 -13800
1.01 625584.1 342731.7 180839.9 295 337 407.3333 382 994 1376 0.150034 Small house price 341000 5404.205 -341695
1.02 627044.7 341695.2 173249.9 333 345 448 384 984 1368 0.15035 Large house price 627000 4745.056 -627045
1.03 621932.1 342488.1 164468.8 436 338 548.6667 378 997 1375 0.155112 Number small houses 1110000 42865.85 -1110000

Number large houses433000 6765.625 -433409
fraction houses rented0.32748538 -0.11313 #DIV/0!
Fraction "agents" rented0.42375 -0.1175 -0.42375

ll = 1
hh = 0

1 626379 343878.2 192320.4 252 321 359 383 1003 1386 0.148998
1.01 628626.2 345921 198714.5 228 297 327 386 1016 1402 0.14576
1.02 631789.7 347099.4 203187.2 209 281 302.6667 390 1022 1412 0.143724
1.03 635870.8 348738.4 207488.1 181 262 268.3333 395 1030 1425 0.142916

ll = 1
hh = 1

1 624823.4 343556 191916.4 258 326 366.6667 381 1002 1383 0.146186

Elasticity = 1
ll = 0
hh = 0

1 636258.9 362957.4 201545 283 358 402.3333 398 963 1361 0.150379
1.01 637530.8 361738.8 191513.7 297 365 418.6667 398 958 1356 0.150182
1.02 633110.1 361450 183411.3 366 367 488.3333 396 960 1356 0.152245
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ll = 1
hh = 0

ll = 1
hh = 1

Elasticity = 2
ll = 0
hh = 0

1 654411.2 392311.8 216108.1 326 406 461.3333 404 924 1328 0.149423
1.01 654326.6 387356.1 204419 352 423 493 404 916 1320 0.148832
1.02 639904.5 386450.8 192601.4 410 419 549.6667 400 919 1319 0.152727
1.03 641081.5 390948.5 187370.2 464 414 602 400 926 1326 0.155664

ll = 1
hh = 0

1 657038.3 395439.6 220297.6 318 400 451.3333 405 929 1334 0.149486
1.01 667420 401962.9 230074 290 381 417 408 936 1344 0.146008
1.02 670092 404700.8 235871 289 375 414 409 940 1349 0.140287
1.03 677276 411260.4 244118.6 270 359 389.6667 411 949 1360 0.139211
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ll = 1
hh = 1

Elasticity = 5
ll = 0
hh = 0

ll = 1
hh = 0

ll = 1
hh = 1
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Ivan Esler [TSY]

From: Andrew Binning [TSY]
Sent: Wednesday, 10 October 2018 9:59 AM
To: ^IRD: Matt Benge; ^IRD: Phil Whittington; Shane Domican [TSY]; Steve Mack [TSY]; 

Michael Sherwood [TSY]; Samantha Aldridge [TSY]; ^IRD: Paul Kilford; Matt Cowan 
[TSY]

Cc: Andrew Coleman; Andrew Coleman
Subject: TWG OLG modelling appendix
Attachments: TWG_appendix - delivered version -revision2AC.docx

[IN-CONFIDENCE] 
 
Hi All, 
 
Please find attached the revised appendix for our OLG CGT modelling work. Comments are welcome. 
 
Cheers 
 
Andrew 
 
Andrew Binning | Modelling & Research Analyst | The Treasury 

 andrew.binning@treasury.govt.nz 

 

CONFIDENTIALITY NOTICE 

 
The information in this email is confidential to the Treasury, intended only for the addressee(s), and may also be legally privileged. If you 
are not an intended addressee: 
a. please immediately delete this email and notify the Treasury by return email or telephone (64 4 472 2733); 
b. any use, dissemination or copying of this email is strictly prohibited and may be unlawful.  

s9(2)(k)
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Capital gains taxes and residential housing markets (revision) 

Andrew Binning and Andrew Coleman   

October 10 2018 

_______________________________________________________________________ 

1. Introduction  

This paper uses a stylised model of the property market to investigate the possible long-term 
effects of imposing a capital gains tax on landlords in New Zealand. By identifying the main 
economic mechanisms, it attempts to assess the effects of a capital gains tax on rents, 
property prices, the number of households renting rather than owning, and the types of 
properties that are constructed. In turn, it analyses how changes to the tax system may affect 
the welfare of people who differ in terms of income, wealth, gender, and marital status.  
 
The potential effects of a capital gains tax on residential property are extremely complicated, 
as there are several factors that must be taken into account. 
 (i) Because the residential property sector has large owner-occupied and rental 
 components, a model should take into account the supply and demand for rental 
 property, the supply and demand for owner-occupied property, and the way different 
 classes of agents may respond to taxes. 

(ii) A household’s demand for housing is fundamentally dynamic and most people 
climb a housing ladder as their income, wealth, and family arrangements change 
during their lifetimes. They often move from the parental home to rental 
accommodation, buy a first house, and then upgrade to a larger house later in life. The 
tax system can affect the timing of the transitions from one phase to another, and 
these changes can alter the total demand for housing and thus overall prices.  
(iii) There is a lot of uncertainty about the way landlords and households respond to 
the relative size of rents and house prices and the relative after-tax returns to 
investments in housing and other assets such as interest-earning securities. While it is 
reasonably straightforward to estimate how much the tax system changes the price 
incentives to choose one type of housing arrangement over another, or to invest in one 
class of asset over another, much less is known about the way agents actually respond 
to these price incentives.  

 (iv) The effects of a capital gains tax depend on how much the total stock of housing 
 responds to any price  changes (i.e. the supply elasticity of new housing) as this 
 affects whether the incidence of a tax falls on households who rent, on new landlords, 
 or the owners of rental properties at the time the tax changes are introduced.  
 (v) The effects of taxes may depend on whether the capital gains reflect generalised 
 inflation or real price changes.  
 
The model we use attempts to address all of these factors simultaneously. However, some 
factors can be more accurately addressed than others, and at various places different 
simplifying assumptions must be imposed so that the model can be solved. It is useful to 
understand several of the limitations of the model from the beginning as these limitations 
serve to highlight some of the fundamental issues in housing markets. 
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The housing ladder 
A key feature of housing demand is the housing ladder, the way people choose different 
housing arrangements over the course of their lives. The model we develop tries to capture 
this by having a large number of agents who differ by age, income, wealth and marital status. 
In the paper we attempt to model how agents choose the quantity and tenure of their housing 
arrangements at each stage of their lives, how these choices are linked through time, and how 
these choices are affected by taxes and financial market variables. To enable tractability, in 
the model agents are only allowed to choose from a limited number of housing options: they 
can rent a small house, own a small or a large house, or they can share with other people 
when they are young. 
 
Since most older people live by themselves or their immediate families, a crucial determinant 
of total housing demand is the extent that young people share housing with others before they 
live by themselves or with their partner and children. We have modelled the “sharing” 
options available to young people in two ways. In one version of the model, we assume 
young people immediately leave their parental home, but may choose to share rental 
accommodation with other young people to reduce the cost of housing. In the second version 
of the model we assume young people delay leaving home and share with their parents until 
they are ready to live by themselves. In both cases the tax regime may affect the length of 
time spent in shared accommodation, thereby affecting the total demand for housing and the 
price of housing. Unfortunately we were unable to allow both sharing mechanisms 
simultaneously, or incorporate alternative sharing pathways that may also be important. For 
example, we do not allow young people to share with other young people who own a house, 
or move back and forward between rental housing and their parental residence. Recent 
international evidence shows the housing choices of young adults have changed substantially 
in the last two decades, with many more young adults choosing to live with their parents than 
before (Bleemer et al 2014; Clapham at el 2014). We are unsure whether we have adequately 
captured the reasons why people stop sharing accommodation in order to live by themselves, 
and while there is limited international research on this topic the model suggests that the 
housing pathways adopted by young people are a key determinant of the macroeconomic 
consequences of taxes on residential property. 
 
The path up the housing ladder depends on three main factors: an individual’s lifetime 
income and wealth, their marital status, and the amount they can borrow. In the model most 
but not all people own their own home at some stage of their lives, but the timing of home-
ownership depends on the relative cost of owning, renting and sharing and on the ease with 
which people can borrow to purchase a house. If the tax system causes the long- run cost of 
renting to exceed the long-run costs of owning a home, people have an incentive to move into 
home-ownership earlier, which means they must try to save a deposit faster. If this reduces 
the amount of time spent in shared accommodation, total housing demand can increase, 
leading to an increase in house prices.  
 
Throughout the paper we assume that people respond rationally to price incentives. The 
assumption of rationality is particularly important for the way we find a solution, but it may 
not accurately capture the way people make housing decisions for a wide range of reasons. 
Unfortunately, it is very difficult to model the housing demands of people who do not 
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respond rationally to price incentives, which is why we have maintained the assumption in 
our model. We also assume that people rationally change their saving and investment 
decisions in response to tax incentives. We believe the model accurately represents how 
changes to the tax system alter relative prices and the after-tax returns to different types of 
investments, but we acknowledge that people may respond to these changes in a different 
manner than our modelling suggests. Unfortunately, the burgeoning literature on behavioural 
economics provides little guidance about alternative ways that capture the way that people 
make their housing and investment choices.  
 
Supply and demand elasticities 
The recent empirical and theoretical literatures analysing the way taxes affect housing 
markets have emphasised that the results depend critically on the supply and demand 
elasticities for housing (Hilber 2017). We specify the elasticity of the supply of housing 
exogenously and thus can show how the effects of tax changes depend on this elasticity. As 
expected, the results of the model suggest price movements are much smaller when the 
supply of housing is relatively elastic. In contrast, the supply elasticity of rental housing 
(reflecting the decisions of landlords), and the demand elasticities for rental and owner-
occupied housing (reflecting the decisions of households to rent or buy houses) are not 
exogenously determined in the model but are derived endogenously from the assumed 
preferences, budget constraints, and decision-making habits of the households. In some sense 
these elasticities are ‘deep’ parameters’ as they depend on the fundamental way that we 
assume households make their choices. These elasticities can be changed by changing the 
assumptions about preferences but such changes automatically change all demand elasticities 
at once.  
 
The supply elasticity of rental housing and the demand elasticities for rental and owner-
occupied housing also depend on the assumption that households make rational calculations 
about the costs and benefits of different housing arrangements. We further assume that the 
supply of rental housing is extremely sensitive to the relative after-tax return of different asset 
classes, an assumption that ignores the effects of uncertainty on investment patterns. Our 
assumptions about rationality are too strong, but they have been maintained in the absence of 
a systematically better way of proceeding. Thus while we are confident that the model 
accurately captures how tax changes affect the relative returns of different asset classes, our 
modelling of the way households respond to these incentives is likely to be less accurate. 
 
It is almost certain that the way we represent preferences and rational choice behaviour is 
wrong. However, the budget constraints facing households may be a more important 
determinant of housing and saving choices than their preferences (Becker 1962).1 For this 
reason, the model in the paper has been particularly careful to incorporate a realistic 
representation of these budget constraints: each agent in the model has different budget 
constraints corresponding to four different life-cycle stages, for example, and the model 
incorporates the bank-imposed loan-to-value and mortgage-repayment-to-income restrictions 
faced by households.  

                                                           
1 Preferences determine how much more an agent might like to live in a big house rather than a small house, but 
their income and the extent they can borrow determine what they can afford. 
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To the extent that these restrictions have a more important bearing on the demand elasticities 
than the preference assumptions we make, some of the ways that the model assumptions 
depart from reality may not be too important.  
 
Real and nominal capital gains 
A comprehensive capital gains tax is applied to owner-occupied housing, rental housing, and 
all businesses. This paper only examines the effects of a capital gains tax on residential 
property markets, and ignores the effect on the returns to other investment classes. Since a 
capital gains tax is likely to raise revenue from business capital gains, this means the paper 
ignores the extent that other taxes (such as taxes on labour incomes) could be reduced if a 
capital gains tax were introduced. Depending on whether a capital gains tax were applied to 
real or nominal gains, the additional revenue could be substantial. Table 1 shows the value of 
different classes of assets in New Zealand between 2007 and 2016.2 It shows that while three 
quarters of capital gains during this period were from increases in residential property prices, 
the value of businesses increased by $126 billion in nominal terms, or $42 billion in real 
terms. This increase in the value of businesses is greater than the value of capital gains, as 
some reflects real investment, but if these increases were taxed at a 33% rate, they would 
generate an average of $1.5 – $4.5 billion tax revenue per year.3 The additional revenue could 
be used to compensate low income households by more than indicated in the results we 
present below. 

There are advantages and disadvantages from taxing capital gains on a nominal rather than 
real basis. If capital gains are not taxed, the tax system is biased against short-horizon 
investments (including interest-earning securities) as these are taxed at higher effective rates 
than equity securities or property assets (Samuelson 1964). If nominal capital incomes 
including nominal capital gains are taxed, the tax system is neutral towards different types of 
capital income, but capital income is taxed at rates higher than the statutory rate whenever 
there is inflation. Consequently, a tax on nominal capital gains improves the neutrality of the 
tax system but also ensures capital incomes are taxed at particularly high rates, which may 
reduce the amount of capital investment.4 If nominal capital gains are taxed, the real effective 
tax rate on capital income depends on the inflation rate and thus it is important to distinguish 
between real capital gains and capital gains that stem from generalised inflation. If the 
average inflation rate exceeds the average real increase in property prices, the effect of 
increasing the average effective tax rate may be larger than the effect of reducing the way 
different types of capital income are taxed.  

                                                           
2 Table 1 provides detailed information about the source of real and nominal capital gains in New Zealand 
between 2008 and 20016 using data from New Zealand’s Annual Balance Sheet from Statistics New Zealand. 
Similar but less comprehensive data can be used to make calculations from 2000 which show a similar pattern 
for the whole period 2000 – 2016.  
3 The lower figure assumes real rather than nominal capital gains are taxed. Many countries tax nominal capital 
gains at lower rates than standard income tax rates to recognize that much of the capital gain reflects inflation, 
and they do not want to tax real business income at rates higher than statutory rates. The higher figure would 
represent a very large increase in the taxation of corporate income, and it may prove unsustainable given that 
New Zealand already raises more revenue from taxes on corporate income (as a fraction of GDP) than any other 
OECD country. (https://stats.oecd.org/index.aspx?DataSetCode=REV Category 1200 - Taxes on income, profits 
and capital gains of corporates.) 
4 The effects are more complex if nominal capital gains from owner-occupied property are exempt from tax, for 
this enhances the incentive for people to become owner-occupiers. 
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Table 1:  Real and nominal capital gains, 2008 - 2016 

 2008 2009 2010 2011 2012 2013 2014 2015 2016 Sum 
Nominal value ($billions) 
Owner-occ. Housing 478 437 468 462 470 509 548 596 680  
Rental housing 138 131 141 143 151 163 176 195 225  
Total Housing 616 568 609 605 621 672 725 791 905  
Business (exc rental) 484 508 505 504 506 511 518 558 574  
Househld net wealth 913 848 905 933 947 1,019 1,076 1,178 1,312  
Nominal Capital Gains ($billions) 
Owner-occ. Housing 1 -41 31 -6 8 39 39 48 84 223 
Rental housing 8 -7 10 2 8 12 14 18 31 95 
Total Housing 29 -48 40 -3 15 51 53 67 114 319 
Business (exc rental) 36 24 -3 -1 2 5 7 40 17 126 
Househld net wealth 21 -65 58 27 15 71 58 101 134 420 
 
CPI 824 852 877 895 935 949 958 972 975  
Real Values ($ billions, adjusted to 2016 prices) 
Owner-occ. Housing 549 488 512 484 485 520 552 599 680  
Rental housing 158 146 154 150 155 166 178 196 225  
Total Housing 708 634 666 634 640 686 730 794 905  
Business (exc rental) 556 567 552 528 522 522 521 560 574  
Househld net wealth 1,049 946 990 977 977 1,041 1,084 1,183 1,312  
Real Capital Gains ($ billions, adjusted to 2016 prices) 
Owner-occ. Housing 7 -61 24 -28 1 35 32 47 81 138 
Rental housing 4 -12 8 -4 6 11 11 18 30 71 
Total Housing 11 -73 31 -32 7 46 44 65 111 208 
Business (exc rental) 23 11 -15 -25 -6 0 -1 39 14 42 
Househld net wealth -11 -103 44 -14 1 64 43 99 129 252 

Author’s calculations from Reserve Bank of New Zealand household balance sheet data HC21 and HC22 and 
International Balance Sheet HM7 and Statistics New Zealand Annual Balance sheet. See Table A1.1 for series 
definitions. Note that Business assets exclude rental housing and refer to business assets located in New 
Zealand, not business assets owned by New Zealanders. The capital gains on the net value of business assets 
(excluding rental property) owned by New Zealanders can be calculated as the difference between household net 
wealth and the total value of housing.  The total capital gains are similar in the two cases. 
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Table2: Annual average property price increases in New Zealand, 1923 – 2017 
 House prices 1923- 2017 
 Nominal increase Inflation Real increase 
1923:2 – 1963:2  3.7% 2.2% 1.5% 
1962:2 – 1990:2 11.1% 9.7% 1.3% 
1990:2 – 2017:4 6.2% 2.0% 4.2% 
    
1990:2 – 2000:1 4.3% 1.7% 2.5% 
2000:1 – 2017:4 7.3% 2.2% 5.1% 
 House prices and rents, 1975 – 2017 
 Nominal increase Inflation Real increase 
 1975:1-2000:1 
House prices 8.4% 8.0% 0.4% 
Rents 9.5% 8.0% 1.4% 
 1990:2 – 2017:4 
House prices 6.2% 2.0% 4.2% 
Rents 2.2% 2.0% 0.1% 
 2000:1- 2017:4 
House prices 7.3% 2.2% 5.1% 
Rents 2.2% 2.2% 0.0% 

Source:  Coleman 2017, based on Statistics New Zealand data.  

The inflation component of residential property capital gains has been smaller than the real 
component since 2000. This is a historical anomaly, however. Since 1923, property price 
inflation has occurred in three quite distinct phases (see Table 2). 5 In the first phase, from 
1923 – 1962, the average annual inflation rate was 2.2 percent and the average real house 
price increase was 1.5 percent. In the second phase, from 1962 – 1990, the average annual 
inflation rate was 9.7 percent and the average real house price increase was 1.3 percent. In the 
third phase, since 1990, the average annual inflation rate was again 2.2 percent but this time 
the average real house price increase was 4.2 percent. Most of the real increase took place 
after 2000. This means that about one third of nominal house price increases since 1990 have 
been due to inflation and two thirds have represented a real increase. Sustained periods of real 
house price increases of this magnitude are historically unusual, and probably reflect the 
international decline in interest rates to century-low levels since real rents have scarcely 
changed since 1990.6          

The algorithm used to find a solution to the model is fragile, in the sense that it does not 
always converge. This is unfortunate, for while we present results for the effect of nominal 
and real capital gains separately, we have been unable to generate a solution for the combined 
case when there is inflation and real capital gains. Nor have we always been able to find 
solutions for the model when capital gains are real for the same parameters we use when the 
capital gains are the result of generalised inflation.7 While this is a technical limitation of the 
                                                           
5 This is based on Coleman (2017), and updated for the last two years of data.  
6 In real terms rents have increased at 0.1% per year since 1990.  
7 One of the difficulties is that we attempt to find a long run solution to the model. In the model systemic real 
increases in property prices occur because the supply of housing is inelastic and there are either real income 
increases or real population increases. In the former case increases in real incomes raise the demand for better 
quality houses, and the demand for low quality owner-occupied housing ultimately disappears. In the second 

 

 

 

20190204 TOIA Binder Doc 34
Page 132 of 162



7 
 

paper, it should be emphasised that many of the results are similar in the scenarios where 
capital gains occur from generalised inflation and the scenarios where they occur from real 
capital gains. It appears that the main economic mechanisms are similar in the two cases.  

Inheritances and home ownership 
The last important issue concerns inheritances. Most old people live in owner-occupied 
accommodation until a short time before they die, and the value of the house is left as a 
bequest.8 Inheritances have three implications for housing markets which we try to capture in 
the model.  
 
First, many people receive a bequest from their parents which significantly alters their wealth 
and their ability to purchase a house or repay a mortgage. We assume that if people receive a 
bequest from their parents they receive it when they are middle aged. This means it does not 
affect the liquidity they face when they are young.   
 
Secondly, it is less expensive for old people to rent accommodation than own their home, as 
it means they can spend money that they would have otherwise left as a bequest. In the 
model, this financial incentive provides a strong incentive for old people to sell their houses 
and rent and spend the surplus wealth. This behaviour is not widespread in reality, for a 
variety of reasons that the model does not capture. To ensure that we adequately capture the 
reality that most older people live in their own homes, we do not let people who own a house 
when they are middle aged sell their house and rent when they are old, although we do let 
people rent when they are old if they rent all their lives and we do let old people with large 
house trade down to smaller houses. This means the model allows for a class of people who 
are permanent renters. These people rent rather than own not because they are liquidity 
constrained but because renting means they do not need to leave a large bequest.  
 
Thirdly, the long run effects of taxes on property markets may differ from the short run 
effects of taxes on property markets because of the effect of bequests on the distribution of 
wealth. The long run effects of bequests on the distribution of wealth are very complicated, 
but the most advanced models in the literature suggest it can have first order effects on 
welfare that should not be ignored (Gokhale et el 2001). We do not wish to pretend that we 
capture how people spend the bequests they receive accurately. However, we cannot ignore 
that bequests play an important role in our results.  This is because we explicitly calculate a 
solution that takes into account the bequests that people receive and the bequests that they 
leave, calculated under the assumption that the economy achieves a long run equilibrium. If a 
capital gains tax were to reduce property prices, for example, our model assumes that the 
value of bequests people leave will decline, and the value of bequests they receive (if they 
receive one) will also decline. If a capital gains tax causes a large increase in home-
ownership, the model predicts that a larger fraction of people will receive a bequest (as their 
parents will die owning a house), which changes their ability to own property and leave a 
                                                           
case, the house-price/income ratios keep increasing, and the demand for high quality housing steadily decreases. 
The algorithm we use to find a solution to the model often fails in these circumstances, partly because of the 
way it deals with inheritances.  
8 This is still true despite the increasing popularity of retirement homes. Many older people do not move into a 
retirement home until shortly before they die, and so even if they rent for the last few years of their life the sum 
they get from selling their house is not spent. Some retirement homes also require their customers to place a 
large and bequestable deposit with them in lieu of paying rent.  
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bequest in turn. Although these effects of the policy change only take place in the long run, 
the model is structured to capture them. Unfortunately, we have been unable to model the 
transition period from one long run equilibrium to another.  
 

The paper is organised as follows. Section 2 discusses the different ways that the interaction 
of inflation with the tax system can affect residential property markets, with a focus on the 
way that inflation can increase the effective tax rate on some asset classes and tighten credit 
constraints. Section 3 begins with a description of the model’s key features and assumptions 
and then discusses simulation results from the model when a capital gains tax is introduced 
and house prices increase at the rate of generalised inflation. Simulation results for models 
with different assumptions about the way young people share accommodation and about the 
extent of credit constraints are presented to better understand the role these assumptions play 
in the baseline simulations. Section 4 presents simulation results from the model when a 
capital gains tax is introduced and house price increases are due to real income growth. In 
Section 5 we discuss some of the qualifications and limitations of our modelling approach, 
while Section 6 concludes. 

2. The effects of a tax on the inflationary component of nominal capital gains 

New Zealand currently taxes nominal interest income when it is earned. This means real 
interest earnings are taxed at rates higher than the statutory rate when there is inflation, 
because the inflation component of interest income is taxed.9 In contrast, as there is no capital 
gains tax the increase in the value of equity securities or land-based assets is not taxed, even 
though the real income from these assets is taxed at normal rates. This means the tax system 
provides an incentive to invest in equity securities and property assets rather than interest-
earning securities. This incentive is increased if agents can deduct nominal interest payments 
from their taxable income, as the inflation-component of interest payments represents real 
savings, not real interest, and thus provides agents with a tax subsidy. Landlords who borrow 
to finance property investments benefit from this tax subsidy, but owner-occupiers do not.  

These distortions – the taxation of the inflation component of nominal interest earnings, the 
non-taxation of the inflation component of nominal interest payments, and the non-taxation 
of capital gains - provide incentives for owner-occupiers and landlords to invest in real estate 
rather than lend money. These incentives may cause three types of effects: 

 (i) owner-occupiers have an incentive to purchase larger and better-quality houses; 

 (ii) owner-occupiers have an incentive to pay higher prices for properties that are
 conveniently located to desirable amenities (such as beaches, jobs, or the centre of 
 town); and  

 (iii) landlords and potential landlords have an incentive to bid down the rent/ house- 
 price ratio to take advantage of tax-free capital gains. 

In combination the first two effects mean the current tax system provides incentives for 
people to live in larger houses and pay more for property than they would otherwise. The 
                                                           
9 The problem arises because New Zealand taxes nominal interest income when it is earned, not when it is spent. 
Most OECD countries partially circumvent this problem by taxing nominal interest income that is earned in a 
sanctified retirement savings account on an expenditure basis.  
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third effect provides an incentive for landlords to accept artificially low rent/house-price 
ratios. The low rent/house-price ratio could result in low rents if the supply of housing is very 
elastic and prices change little in response to changing demand, or it could result in stable 
rents and high house prices if the supply of housing is inelastic and quantities change by little 
in response to higher prices. The level of rents and house prices associated with any 
rent/house-price ratio is determined by other aspects of the housing market, particularly the 
relative size of the supply and demand elasticities for housing, and the tax incentives facing 
owner-occupiers.  

The economic effects of the interaction of inflation with the tax system are further 
complicated because nominal interest rates increase when inflation increases (the Fisher 
effect). This matters as many agents are restricted in the amount they can borrow. Most 
young potential owner-occupiers face two bank imposed restrictions: 

 (i) a loan-to-value limit restricting the maximum amount they can borrow to some 
 multiple of the value of the house; and  

 (ii) a mortgage-repayment-to-income limit restricting their monthly repayments to be 
 less than a particular fraction of their income.  

When inflation increases, nominal interest rates increase, increasing the nominal amount of 
regular mortgage repayments. This limits the amount that households can borrow while still 
meeting the mortgage-repayment-to income ratio, even though the real cost of the loan is 
unchanged.10 Because inflation tightens the credit constraints that households face, fewer can 
purchase a house, and those still able to purchase a house have to make greater sacrifices in 
terms of other consumption to pay the inflation component of their mortgage interest 
payments. This makes home-ownership infeasible or less attractive for young households, 
and typically reduces their welfare. The reduction in welfare occurs either because they 
cannot purchase a house when they want to, or because the higher repayments force them to 
save more than they would have saved if the inflation rate was zero. This effect is 
concentrated on young households as they are most likely to face binding credit constraints. 
The interaction of this credit constraint effect with the non-neutrality of the tax system to the 
rate of inflation has important welfare consequences, particularly for younger credit-
constrained households.  

Since owner-occupied housing is a tax-advantaged investment option under New Zealand tax 
law, households have an incentive to purchase owner-occupied housing rather than rent or 
make other investments, particularly investments in interest-earning securities. This incentive 
increases as inflation increases. However, higher inflation also makes it more difficult to 
purchase housing, due to the way higher nominal interest rates tighten credit constraints on 
households. Consequently, while inflation increases the incentive of households to purchase 
owner-occupied housing, it also reduces their ability to do so. For this reason inflation can be 
welfare-reducing for low-income households.  

                                                           
10 Suppose a household borrowed $100,000 at a real interest rate of 5%. When the inflation rate is zero, they 
make an annual nominal and real interest payment of $5000. If the inflation rate is two percent, the nominal 
interest rate increases to 7 percent, but $2000 of the $7000 nominal interest repayment is real saving as it 
reduces the real value of the loan to $98,000.  
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At the same time, the current tax system makes rental property a more attractive investment 
class as the inflation rate increases, which leads to lower rent/house-price ratios. If the supply 
of housing is inelastic and the rent/house-price ratio falls because landlords bid up house 
prices, the interaction of inflation with the current tax system will make young low-income 
households worse off as the combination of tight credit constraints, high nominal interest 
rates and high house prices increases the cost of home-ownership, and renting is no cheaper. 
If, however, the supply of housing is somewhat elastic, rents may fall and some young 
households will voluntarily choose to rent rather than purchase because renting involves 
lower cash outgoings than purchasing and frees up money for them to spend on other goods 
and services. While the absence of a capital gains tax also reduces owner-occupancy rates 
among young households in this case, it actually raises welfare because these households 
have lower rents and can consume other goods and services. The result is somewhat perverse 
but is an example of the law of second best (Lipsey and Lancaster 1956). The law of second 
best says that if there are two policy interventions that distort markets, altering one distortion 
can worsen the situation in some circumstances. If the tax system distortions were the only 
distortions affecting property markets, removing them would typically improve the welfare of 
young generations. But because there are also credit market restrictions, it is possible that the 
absence of a capital gains tax makes some young people better off. If landlords respond to the 
absence of a capital gains tax by reducing their rents, young people can be better off as they 
use the landlords borrowing ability to circumvent their own inability to borrow as much as 
they would like.  

The effect of the interaction of tax and inflation with the property market has one additional 
effect, related to the time young people spend in shared accommodation. If a capital gains tax 
on landlords leads to higher rents, there are several possible effects:  

 (i) some young people may prefer to purchase a house sooner rather than live with 
 other young people in shared accommodation due to the higher rents; 

(ii) some young people may stay longer in shared accommodation rather than renting 
by themselves, because they cannot afford to live by themselves; 

 (iii) some young people may live with their parents for longer rather than move to 
 rental accommodation, either by themselves or with other young people; and 

 (iv) some young people may live at home but save faster and leave home faster to 
 owner-occupied accommodation rather than leave home to rent. 

It is unclear which of these effects dominates, although recent empirical evidence from the 
United Kingdom and the United States shows a steadily rising share of young people living at 
home, and a declining share of people living with other young people (Bleemer et al 2014; 
Clapham at el 2014). It is theoretically possible for the increase in rents to cause some people 
to substitute away from shared accommodation towards non-shared owner-occupied housing. 
If this were to happen, it would increase the total demand for housing and increases house 
prices. If a capital gains tax is applied to owner-occupiers and landlords there is no longer a  
tax incentive to move into owner-occupied housing rather than rental accommodation and the 
capital gains tax should lead to lower property demand and falling house prices. It proves that 
in our model (for the parameters we use) the introduction of a capital gains tax on landlords 
raises housing demand and property prices by a small amount whereas a capital gains tax on 
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landlords and owner-occupiers reduces housing demand and property prices by a small 
amount, because of this sharing effect. As young people have multiple pathways to housing 
independence, either rental or owner-occupied, we cannot be confident our model accurately 
captures the contemporary reality, and therefore we cannot be confident that house prices will 
actually rise in response to the introduction of a capital gains tax on rented accommodation. 
There is little other literature on the subject, and so no obvious empirical guidance on 
alternative ways to model the housing choices of young people.  

Taxes, rents, and house prices. 
At the heart of any model examining the effects of the tax system on rents is an equation 
describing the incentives of landlords to invest in residential property. Following Poterba 
(1984), in this paper we use a “no-arbitrage” condition stating that landlords will invest until 
the expected after-tax return from investing in rental property is the same as the after-tax 
return from lending money. The following equation does not incorporate uncertainty, 
although an uncertainty premium can easily be added. To calculate this equation, let 
 
 τ  = tax rate on ordinary interest income; 

 τcg = tax on capital gains (the rate could be zero); 

 Ph
t = house price at time t 

 Rt = rent at time t 

 Et = non-depreciation expenses at time t 

 Dt = depreciation expenses at time t 

 it = nominal interest rate  

 rt  = real interest rate at time t  

 πt = general inflation rate at time t 

 πh
t = rate of real house price appreciation at time t 

 

The rent price equation is  

[ ]( )(1 ) (1 ( )(1 ) (1 ( )(1 ))h h h h
t t t t t t t t cg t t t t tR E D P P r rτ π π π π τ π π τ− − − + + + + − = + + + −  (1) 

 

Rent net of costs                   future value of property  after-tax return from lending 

 

Rearranging the equation 𝑅𝑃 =  𝐸𝑃 + 𝐷𝑃 (1 − 𝜏) + 𝑟 (1 + 𝜋 ) + 𝜋 (𝜏 − 𝜏)(1 − 𝜏) − 𝜋 (1 + 𝜋 ) 1 − 𝜏(1 − 𝜏)                 (2)     
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The first term on the right hand side says that the rent/ house-price ratio will increase one-for-
one with deductible expenses, and by more than one-for-one with non-deductible expenses 
such as depreciation. This means that an increase in rates or land taxes can be expected to 
increase the rent/house-price ratio, although the actual incidence of the tax will depend on the 
extent that rents rise (pushing the incidence onto the tenant) and the extent that house prices 
fall (pushing the incidence onto the owner.) 

The second term says the rent/house-price ratio will change in response to the real interest 
rate. Again, the incidence of any change depends on supply and demand elasticities in the 
housing market.  

The third term will be zero if the tax rate on capital gains is equal to the income tax rate, and 
negative if the capital gains tax rate is zero. This is the main term describing how the 
interaction of inflation with the tax system affects rents and house prices. With 2 percent 
inflation and a marginal tax rate of 33%, this term indicates that the current tax system 
provides incentives for the rent/house-price ratio to be 1 percentage point lower than under a 
neutral tax system. Imposing a capital gains tax will eliminate this non-neutrality. 

The fourth term shows the effect of not taxing real capital gains. If real house prices increase 
at 1.5 percent per year, the absence of a capital gains tax reduces the rent/house-price ratio by 
0.75 percentage points. 

Comparing the third and fourth effects, and again assuming an inflation rate of 2 percent and 
a real house price appreciation rate of 1.5 percent, the combined effect of a capital gains tax 
would be to increase the rent/house price ratio by 1.75 percentage points. If the current 
rent/house price ratio is approximately 4%, the introduction of a capital gains tax would 
therefore increase the ratio by nearly 50 percent, with just over half of this increase due to the 
effect of generalised inflation, not the taxation of real capital gains. To make the example 
concrete, suppose the real interest rate is 4 percent, inflation is 2 percent, real house price 
increases are 1.5 percent, and a rental property costs $350,000. The inflation component of 
the interest income is $7000, of which $2300 is paid in tax. The inflation component of 
capital gains is also $7000, but this is not taxed. If these capital gains were taxed, the rent 
would need to be increased by $3500 to make the landlord equally well off – or the price 
would need to fall substantially to make a different landlord happy to purchase the rental 
property.  In addition, the landlord currently makes $5300 in real capital gains, which would 
fall by $1800 if there were a capital gains tax. This loss would also need to be made up, or 
house prices would need to fall.  

This equation determines the rent/house-price ratio landlords are assumed to require to justify 
their investments. However, the extent that rents change and the extent that house prices 
change depends on how much the total supply and demand for housing changes with rents 
and prices. If the supply of houses was very elastic then most of the adjustment would take 
place through an increase in rents. If the supply of houses were quite elastic, much more of 
the adjustment would take place through a decline in house prices. There are limits to how 
much house prices will fall, however, because owner-occupiers purchase as landlords sell and 
it is their demand that will determine how far prices fall. If a capital gains tax is only 
introduced on landlords, owner-occupiers will still be tax-advantaged reducing the amount 
that prices can be expected to fall.  
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The above calculations ignore uncertainty. When returns are uncertain, investors may 
demand a higher average return. This increases the average rent/ house price ratio and makes 
renting more expensive relative to owner-occupied housing, increasing the incentive for 
households to move into owner-occupancy as soon as possible. Uncertainty may also change 
the way investors respond to taxes, including capital gains taxes. On this topic, the devil is in 
the detail. A capital gains tax that is applied symmetrically to gains and losses reduces both 
average returns and the variance of investment returns, and has uncertain effects on 
investment behaviour. An investor could borrow more and invest in more properties to offset 
the decrease in risk that occurs if capital gains and losses are taxable, for example, 
particularly if nominal interest payments are deductible against other income (Daley, Wood 
and Parsonage, 2016).11 Our model does not incorporate uncertainty in investment returns, 
and assumes that landlords are very responsive to the after-tax returns of other investment 
classes. This will mean that even if we accurately describe the size of the tax advantage to 
different asset classes, we are likely to overstate the responsiveness of the rent/house-price 
ratio to the tax system. Both Daley, Wood, and Parsonage (2016) and Tong (2018) provide a 
review of several episodes where rents and house prices change relatively little in response to 
changes in capital gains taxes, and discuss several examples where house prices rise modestly 
after capital gains taxes are introduced or fall when they are cut. While our model is likely to 
exaggerate the size of rent and house price movements in response to tax changes, they are 
still modest, especially when the tax is only applied to landlords.  

3. A model of the effect of the New Zealand tax system on housing markets 

To explore the different ways these mechanisms may affect property markets, we developed 
an economic model that includes many of these features. The model has five basic 
components. 

(1) There are a large number of households that differ in terms of age, income, and wealth. 
These households earn income, demand goods and services, and choose to rent or purchase 
different types of housing. Their housing choices can change over time and they can borrow 
or save. If they lend money, they pay tax on their interest earnings. We assume there are four 
distinct phases of someone’s life: two young stages (20 – 35 and 35 - 50); one middle aged 
phase (50-65); and one older phase (65-80). 

(2) There are two types of houses in the model, large and small. People can rent a small 
house, share a small house with others, purchase a small house or purchase a large house. 
There is a supply function for small and large houses that can have different elasticities. 

(3) Young households face loan-to-value and mortgage-repayment-to-income borrowing 
restrictions. These restrictions become more onerous when inflation increases and may 
prevent some people who want to own a house from being able to obtain financing or make 
them unable to afford financing. 

(4) Middle aged households can become landlords. Rents are set at a level so that the after-
tax expected returns from being a landlord are the same as the after-tax returns from investing 

                                                           
11 Daley, Parsonage, and Wood (2016) argue that changes to the capital gains tax regime in Australia in 2000 
promoted negatively geared investment in residential real estate as nominal interest costs could be fully 
deducted against other income, but nominal capital gains were only taxed at fifty percent of the normal income 
tax rate.  
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in interest-earning securities. The returns from being a landlord are the rent that is earned plus 
any capital gain earned adjusted for depreciation and interest costs. 

(5) The government raises revenue by imposing a variety of taxes. Currently we include: 

 (i) income tax applied to all income, including nominal interest income and rents, 
 payable at a rate of 20% on income under $70,000 and 33% over $70,000; and 

 (ii) GST on consumption, at a rate of approximately 15%. 

We examine what would happen if a capital gains tax were introduced on rented property or 
on all residential property. If one set of taxes is changed, we change the income tax rates or 
the GST rate to ensure that the total amount of tax revenue is constant.  

We simulate the model by making assumptions about interest rates (which are assumed to be 
constant over time), the inflation rate and the income growth rate, and then calculate 

 (i) the prices of each type of housing and the rate of house price inflation; 

 (ii) the quantity of each type of housing;  

 (iii) the quantity of houses that are rented, shared, and owned; 

 (iv) the amount of tax revenue that is raised; and  

 (v) the lifetime welfare of each household. 

By repeating the exercise for different possible tax regimes, we can compare the results. The 
comparison shows the long-term effects of the tax changes. 

The model is calibrated to represent several aspects of New Zealand’s society. We choose an 
income distribution that  

 (i) captures the way that income typically changes over an individual’s lifetime, based 
 on earnings in 2016; 

 (ii) captures the distribution of income across different households. 

According to this distribution, income is low in the first stage of life, and is about 50% higher 
in the second and third stages before declining for older age groups. We capture the 
difference between singles and partnered households, and try and weight the number of each 
household type to represent the distribution in New Zealand.  

To calibrate the housing market, we assumed that approximately one third of houses were 
large, and their price was approximately twice as much as small houses. The prices of the two 
classes were approximately $350,000 and $700,000, but the exact numbers are determined 
endogenously by the model. Real interest rates were either 3 or 4 percent, and the inflation 
rate varied between 0 and 3 percent.  

3.1 Simulation results – the effect of capital gains taxes on the inflation component of capital 
gains 

Table 3a shows the results of the model simulations when the inflation rate is 2 percent but 
there are no real capital gains. These simulations are designed to show the effects of a capital 
gains tax when young households are restricted in the amount they can borrow. The table 
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shows the effects on rents, prices and quantities and large and small houses under the current 
tax system, and then shows how these might change if a capital gains tax were introduced on 
landlords or on landlords and owner-occupiers. The capital gains are taxed at the owner’s 
marginal tax rate, assumed to be either 20 percent or 33 percent depending on their income. 
In these tables young households can share with other young households, but not with their 
parents. Table 3a shows the effects when the supply of housing is quite elastic; the case when 
the supply of housing is moderately inelastic (table 3c) is discussed later. In the base case 
rents are approximately $14,000 per year, the price of a small house is approximately 
$350,000, the price of a large house is approximately $700,000, and just over two thirds of 
houses are small (the actual numbers are determined endogenously). Consequently, the 
untaxed capital gains are about $7000 per year, and the tax on this amount is about $2300. 

3.1.1. Elastic Supply  

When the supply of housing is elastic, and a capital gains tax is introduced on landlords, rents 
increase – in this case by 2/3 of one percent of the value of a house, or approximately $2300. 
House prices change by little. Since renting has gone up substantially relative to the cost of 
owning, there is a large (13 percentage point) decline in the number of people choosing to 
rent and the number of houses that are rented. The number of people renting declines at all 
age groups. There is a small decline in the GST rate, enough to exactly match the increase in 
tax revenues raised from the capital gains tax, adjusted for the loss of tax revenues stemming 
from the decline in the rental sector.12  
 
The decline in the number of people renting has two additional effects. First, because some of 
the people leaving rental accommodation were sharing with others there is an increase in the 
total demand for housing. This leads to a small increase in house prices. Secondly, there is an 
increase in the demand for large houses, which leads to an increase in the price of large 
houses. The reason for this effect is quite subtle. When rents increase, some additional people 
decide to buy a house earlier in their lives, sacrificing their consumption and increasing their 
saving to do so as they cannot borrow more. As they save more when they are young, they  
have more to spend when they are older, and some of this additional wealth is spent on better 
housing. The larger demand for housing comes at the expense of youthful consumption, so 
the increase in lifetime welfare they gain is less than the increase in wealth they experience 
(see the Appendix for further discussion of this channel).  
 

The decline in the number of people renting occurs for two different reasons. Under the 
current tax regime, there is a tax incentive for people to own their own home as imputed rents 
and capital gains are not taxed, but if they rent they have to pay tax on the interest they earn 
on their savings. Even though people have a financial incentive to own their home, many 
cannot borrow enough to do so when they are young and have to wait. These people are 
prepared to rent even though the cost of renting is higher than the cost of owning because if 
they were to purchase they could afford very little else after paying their mortgage. If 
landlords have to pay a capital gains tax, rents increase much faster than the cost of owning a 
home. This induces people who are likely to buy sometime in the future to bring forward the 
time of their purchase, as renting is now more expensive compared to homeownership. As  

                                                           
12 The extra revenue could also be refunded as a reduction in income taxes. 
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Table 3a: Effect of capital gains tax when capital gains are due to inflation.  

  
Elastic supply of housing (η = 0.5) 
   

  
Current 
taxes 

CGT on 
landlords 

CGT on all 
houses 

 level Change from current tax level 
Annual rent $13800 +$2300 +$2100
Small house price  $336000 +$3300 +$100
Large house price $634000 +$12300 -$11800
House price inflation 2% 2% 2%
Number small houses  1056000 +12000 +18000
Number large houses 443000 +17000 -17000
Fraction houses rented 36%  -13% -7%
GST rate  13.9% -0.9% -4.3%

Source: Authors’ calculations using the Binning-Coleman model. 

 

some of these renters reduce the time they spend in shared accommodation, total housing 
demand may increase.  

The second group of people would choose to rent even if there were no credit constraints and 
they could borrow as much as they like. This group rents because it is costly to leave a house 
as a bequest, and the tax advantages of home-ownership are outweighed by the disadvantage 
of being unable to spend the capital value of the house. If a capital gains tax on landlords 
raises rents by more than it increases house prices, as it does in our model, some of these 
people will also choose to purchase housing rather than rent. This decision not only reduces 
demand for rental accommodation when they are young, but also reduces demand for rental 
accommodation when they are old. Consequently, some of the decline in the fraction of 
people who are renting represents the rise in home-ownership among older households, a 
phenomenon that could take some time to observe. It is worth noting that since New Zealand 
made major changes to the way retirement savings are taxed in 1990/1991, home-ownership 
rates have dropped by 9 percentage points, a number of similar magnitude to the result from 
this simulation.13  

The third column shows the effect of including a capital gains tax on all households. Even 
though this option is ruled out of the Tax Working Group’s terms of reference, it is important 
to examine it as a hypothetical case as it illustrates some of the problems that arise when a 
capital gains tax is only imposed on landlords.14 In this case rents also increase, and there is  

                                                           
13 We do not wish to claim that the 13 % change in the simulations is close to the 9% decline actually observed 
between 1991 and 2013; merely that it is not ridiculously large given recent historical experience.  
14 Most OECD countries exempt owner-occupied housing from a capital gains tax. This means income from 
housing is taxed on a TEE basis, which is effectively a prepaid expenditure tax (Kaldor 1950). Since most 
OECD countries also tax dedicated retirement savings accounts on an expenditure (EET) basis, housing and 
retirement savings are taxed on a similar basis, there is little tax incentive for households to invest more in 
owner-occupied housing than other assets. In short, there is little need to impose capital gains taxes on owner-
occupied housing if retirement savings are taxed on an EET basis. Since New Zealand taxes retirement savings 
on an income (TTE) basis, if a capital gains tax is not imposed on owner-occupied housing it becomes a tax 
advantaged class of assets relative to other investments in a way that is not true in most OECD countries.  
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only a modest change in house prices – although they fall (not increase), because there is a 
smaller tax advantage to owner-occupiers from owning large houses. There are three main 
differences between the two cases. First, there is a much smaller (although still sizeable) 
decrease in the size of the rental sector – the number of rental properties decreases by 7 
percentage points, not 13 percentage points. The smaller decrease occurs because the long 
run cost of renting no longer exceeds the long run cost of home-ownership by as much, since 
both landlords and owner-occupiers pay the same capital gains tax.15 More young households 
will be content to rent as it does not cost much more than ownership and since it requires 
lower up-front payments, it allows them to consume more when young. In addition, more 
older households rent as the tax advantages of homeownership are smaller than either the 
current situation or the situation with a capital gains tax on landlords.  

Secondly, there is a decrease in the attractiveness of large houses, as they are no longer as tax 
advantaged as other forms of saving, notably interest earning securities. Both the inflation 
component of capital gains and the inflation component of interest income are taxed in this 
scenario, although housing retains a tax advantage as the imputed rent is not taxed. The 
reduced demand for large houses lowers their price relative to the current tax regime, rather 
than increasing it.  

Thirdly, there is a much larger increase in tax revenue, allowing a five-fold decrease in the 
GST rate. The tax revenue increases by so much not only because more people are paying the 
capital gains tax, but also because wealthy owners own more expensive houses and pay 
additional tax amounts. The larger tax reduction increases the life-time after-tax income of 
low income agents, some of which will be spent on additional housing. Imposing a capital 
gains tax on all homeowners is progressive relative to a capital gains tax that only applies to 
landlords.  

The role of credit constraints 
Table 3b shows the results of two variations of the basic simulation. In the first, there are no 
credit constraints. This means that households that wish to purchase owner-occupied housing 
at some stage in their lives will do so as soon as possible, as home-ownership is tax 
advantaged relative to renting. In turn, those who rent either desire to share housing for some 
of their lives, as it reduces costs, or desire to rent housing for all of their lives, to avoid 
bequesting a house. In the second variation there are credit constraints, but young people who 
wish to share must live with their parents rather than share with other young people. Both 
simulations have the same parameters as table 3a and for each of the three cases the effects of 
introducing a capital gains tax on landlords is shown.  
Table 3b shows that when house prices are relatively high (as they are in this scenario) the 
effect of credit constraints on the amount of rental housing are quite modest. Removing credit 
constraints only reduces the amount of rented housing by 3 percentage points, or by a much 
smaller amount than the effect of introducing a capital gains tax on landlords (11 - 13 
percentage points). The amount is so small because when house prices are high a large 
number of the people who rent do not want to buy because it requires them to leave a large  

 

                                                           
15 Owner-occupancy is still tax advantaged relative to renting however, as landlords pay tax on rent but owner-
occupiers do not pay tax on the implicit rent they earn from owning their own house.  
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Table 3b: Effect of capital gains tax when capital gains are due to inflation.  

 Elastic supply of housing (η = 0.5) 
 

 Basic model 
Sharing 

Credit constraints 

Basic model 
Sharing 

No Credit constraints 

Basic model 
Parental Sharing 
Credit constraints 

 Base 
level 

CGT 
(change)

Base 
level 

CGT 
(change)

Base 
level 

CGT 
(change)

Annual rent $13,800 +$2,300 $13,800 +$2,400 $13,100 +$2,000 
Small house price  $336,000 +$3,300 $341,000 +$5,400 $317,000 +$1,800 
Large house price $634,000 +$12,300 $627,000 +$4,700 $626,000 $9,000 
House price inflation 2% 2% 2% 2% 2% 2% 
Number small houses 1,056,000 +12,000 1,110,000 +43,000 904,000 +2,000 
Number large houses 443,000 +17,000 433,000 +7,000 432,000 +14,000 
Total houses 1,499,000 +39,000 1,544,000 +50,000 1,336,000 +16,000 
% houses rented 36% -13% 33% -11% 28% -10% 
GST rate  13.9% -0.9% 15.0% -0.6% 13.4% -0.7% 

Source: Authors’ calculations using the Binning-Coleman model. 

 

amount of their wealth as a bequest.16 If there are no credit constraints fewer people share 
accommodation, so there are more houses in equilibrium and house prices are modestly 
higher. Irrespective of the extent of credit constraints, a capital gains tax raises rents and 
induces a big swing from rental housing to owner-occupancy. This occurs for two reasons. 
First, because rents increase much faster than house prices, some households find it more 
economical to own a house rather than rent, even allowing for the ‘expense’ of leaving a 
bequest. Secondly, because more houses are owned, more households receive a bequest when 
they are young, and use this bequest to buy a house and leave a bequest in turn. Obviously 
this effect only occurs in the very long term. Nonetheless, this finding is in keeping with 
other studies that suggest government policies that affect bequests can have large effects on 
the distribution of wealth (Gokhale et al 2001).  

Sharing with parents 
The model indicates a capital gains tax has similar effects if young people share housing with 
their parents rather than other young people. In this case, however, there is a significantly 
smaller number of houses in equilibrium, and house prices and rents are lower. When a 
capital gains tax is introduced rents increase by a similar amount, inducing many people to 
switch from renting to homeownership. The model suggests housing demand still increases 
when a capital gains tax is introduced, although modestly. This effect again reflects a very 
long run “virtuous circle” whereby households receiving a bequest are more likely to 
purchase a house and leave a bequest in turn; and if young households expect to receive a 
bequest from their house-owning parents, they are more likely to leave home earlier.  
We have not solved the model to allow young people to first live with their parents and then 
move into shared accommodation, for even this modest complication would require a large 

                                                           
16 In a different context Coleman (2014) explored the extent that reverse mortgages raise the demand for 
housing because older households can use their house to finance consumption. Reverse mortgages did not have 
a large effect on housing demand in that model, although that may be because house prices were significantly 
lower in that model than in this model.  
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amount of reprogramming. If this option were available, it might overturn the result that a 
capital gains tax applied to landlords raises housing demand. This is because the increase in 
rents that occurs when a capital gains tax is imposed may delay some young people from 
moving out of the family home into shared accommodation. The simulations in Table 3b 
suggest that when young people are restricted to share with their parents rather than other 
young people, total housing demand falls by approximately 10 percent. This is a very large 
number, suggesting this mechanism could be qualitatively important. We have not 
investigated this option, but again note that data from the United States and the United 
Kingdom suggest there has been a very large increase in the number of 25 year old and 30 
year old people living in the parental home in the last two decades, offset by a decline in the 
number living alone and living with groups of room-mates (Bleemer et al 2014; Clapham at 
el 2014).  

If this mechanism were important, could it mean that a capital gains tax leads to a large 
decline in house prices because the increase in rents induces young people to remain in the 
parental home for much longer than otherwise? Unfortunately, the model is not set up to 
answer this question, and even if it were it is not clear we know enough about the way young 
people choose their housing options to be confident the model accurately captures their 
transitions. Moreover, the answer depends crucially on the supply elasticity of housing. In the 
simulations in Table 3b, in which the supply of housing is elastic, changes in the total 
demand for housing do not have much effect on prices: even when total housing demand 
declines by 10 percent, house prices decline by less than 6 percent. When the supply of 
housing is relatively inelastic, the case we discuss below, a 10 percent decline in total 
housing demand reduces house prices by a much larger amount, nearly 15%.17  As these 
figures are the maximum amounts housing demand could change, under the completely 
unrealistic assumption that a capital gains tax on landlords would result in all young people 
moving out of shared accommodation into the parental home, the actual size of the effect 
must be much less.   

3.1.2. Inelastic Supply  

Table 3c summarises the results when the supply of housing is moderately inelastic and a 
capital-gains tax is introduced at the agent’s marginal tax rate. First consider the case that the 
tax is just imposed on landlords. The simulation results for the current tax regime are similar 
to the earlier results, except that house prices and rents are initially higher and the fraction of 
houses that are rented is larger due to the greater cost of purchasing a house. When a capital 
gains tax is introduced rents increase by $2800 (reflecting the higher cost of houses) and 
there is a similar albeit smaller decline in the fraction of people renting. As people move from 
shared accommodation to their own houses there is still an increase in the aggregate demand 
for housing, but in this case the increase in the number of houses is smaller and the increase 
in the price of houses is larger, although still relatively modest – 20,000 additional houses are 
demanded rather than 29,000, and the price of small houses increases by $10,000 rather than  

 

 

                                                           
17 The results of this simulation are not included in the paper but are available from the authors upon request.  
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Table 3c: Effect of capital gains tax when capital gains are due to inflation.  

  
Inelastic supply of housing (η = 2.0) 
   

  
Current 
tax 

CGT on 
landlords 

CGT on all 
houses 

 level Change from current tax level 
Annual rent 15400 +2800 +$2100
Small house price  373000 +10400 -$2200
Large house price 654000 +15500 -$15100
House price inflation 2% 2% 2%
Number small houses  1006000 +15000 +1000
Number large houses 457000 +5000 -6000
Fraction houses rented 42% -11% -6%
GST rate  14.2% -1.2% -4.8%

Source: Authors’ calculations using the Binning-Coleman model. 

 

$3000. The same mechanisms are in place, for people have a larger tax incentive to own than 
to rent, but in this case the additional demand is choked off by rising house prices. The 
number of large houses still increases but the increase is lower than before as fewer people 
switch from renting to ownership when they are young, and thus fewer have amassed 
sufficient wealth to justify a large house.  

When a capital gains tax is introduced on all houses in this simulation the prices of both types 
of houses fall. The decline is modest, however - $2000 for small houses, $15,000 for large 
houses – and so most of the increase in the rent/house-price ratio still takes place as an 
increase in rents. The decline in house prices occurs because there is less demand for housing 
as the tax advantages of housing are lower than previously. The amount of revenue raised is 
larger due to the higher level of house prices. 

Even though the supply of housing is far less elastic, it is noteworthy that most of the 
adjustment to the capital-gains tax still comes through changes in rents rather than changes in 
house prices. The reason for this is two-fold.  First, while the rent/house price ratio has to 
change, house prices do not fall much because owner-occupiers compete amongst themselves 
to purchase the houses of the landlords. Even with a capital gains tax, owner-occupied 
housing still enjoys substantial tax advantages over rental property and interest earning 
securities as the imputed rent is not taxed but rents and interest are. Households have a strong 
demand to purchase and do so when able to do so. Secondly, aggregate demand for housing is 
relatively inelastic. In the model, and in reality, most households live in one house and do not 
share. As prices change, aggregate demand only changes as the number of households 
sharing changes, and this is a relatively small margin of adjustment. The assumptions about 
the supply elasticity have significant effects on prices and quantities when the total 
population is allowed to change. In the absence of population-driven changes in housing 
demand, changes in capital-gains taxes have much larger effects on rents and home-
ownership rates than they do on prices.  
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3.1.3. Welfare Analysis 

The model can be used to examine the welfare aspects of these interventions on new 
households. The following comparisons can be considered as the following thought 
experiment: if a new cohort were to be born in a country with the current tax system, or with 
one of the capital gains tax regimes, which people would be better or worse off? This 
comparison does not include any of the changes to the welfare of current inhabitants of the 
country that stem from changes in house prices, although these can be considered separately. 
The welfare comparison is based on the likely lifetime experiences of these agents, although 
we can break this down to look at the experiences in each stage of a person’s life.  

Tables 4a and 4b shows the effect of introducing (i) a capital gains tax on landlords and (ii) a 
capital gains tax on all agents in the circumstances that all house price increases are due to 
inflation. The table shows the fraction of people who are worse off by at least 1 percent, the 
fraction of people for whom there is little change, and the fraction of people who are better 
off by at least 1 percent. The table shows the results broken down by average lifetime 
income. Note that within each income group there is a lot of variation in first period income - 
a student can start with low income in the first period of their lives but enjoy high life time 
income, for example. Table 4a shows the results when a capital gains tax is introduced on 
landlords, and table 4b shows the results when a capital gains tax is introduced on all 
households.  

Table 4a indicates that a capital gains tax applied to landlords has poor welfare properties. 
Slightly more than 50 percent of people are worse off, and only a third are better off. Those 
who are worse off are concentrated in low income groups, particularly single people for 
whom purchasing a house is disproportionately difficult. Those who are better off typically 
have higher incomes, although some low income people are better off. 

The key issue is that the capital gains tax on landlords raises the cost of renting without 
inducing much change in the cost of homeownership. This badly affects people who rent for 
most of their lives, who are disproportionately low income. These people may want to 
purchase housing, but find it particularly difficult to do so. Some of the people who respond 
to this situation by purchasing a house instead of renting are also worse off. As the 
introduction of a capital gains tax does little to reduce house prices relative to the current 
situation in these simulations, these people gain relatively little financially from the tax 
change, and lose for two reasons: they have to pay higher rents for part of their lives, and if 
they purchase a house sooner than otherwise they have to reduce early-life consumption in 
order to afford the mortgage. There is some relief from the reduced GST rate. The reduction 
is small, however, and it benefits people with high income more than people with low 
income.  

These simulations suggest there are a lot of adverse welfare consequences of introducing a 
capital gains tax on landlords. Again, this reflects the law of second best. The capital gains 
tax reduces one distortion (the absence of a capital gains tax on landlords) but leaves others in 
place (the absence of a capital gains tax on households and the borrowing restrictions that 
households face). The credit restrictions make it difficult for households to purchase property 
without an excessive reduction in early life consumption, but these difficulties are to some 
extent alleviated when households rent. When the cost of rent is increased above the cost of 
home-ownership, households face the full effect of the credit restrictions and are worse off. 
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Table 4a: Welfare effects of capital gains taxes when capital gains are due to inflation  

Capital gains tax on landlords only, relatively inelastic housing supply (η = 2.0) 

 Average 
income 

Average 
Welfare 
change 

Fraction 
worse off 

Fraction 
same 

Fraction 
better off 

 Capital gains tax on landlords relative to no capital gains tax 
Couples – 1 29676 1.7% 72.5% 0.0% 27.5% 
Couples – 2 43538 19.4% 50.0% 10.0% 40.0% 
Couples – 3 48615 3.3% 42.5% 25.0% 32.5% 
Couples – 4 50598 1.7% 37.5% 42.5% 20.0% 
Couples – 5 52296 -0.5% 40.0% 7.5% 52.5% 
Couples – 6 58124 3.2% 32.5% 12.5% 55.0% 
Couples – 7 60961 5.5% 27.5% 22.5% 50.0% 
Couples – 8 74329 0.2% 27.5% 32.5% 40.0% 
      
Singles – F 1  19370 -42.1% 100.0% 0.0% 0.0% 
Singles – F 2  28656 -5.3% 90.0% 0.0% 10.0% 
Singles – M 1  21424 -28.6% 100.0% 0.0% 0.0% 
Singles – M 2  32259 -11.6% 90.0% 0.0% 10.0% 
      
Total  46899 -0.9% 52.0% 15.3% 32.8% 

Note: This table is constructed by ordering households by lifetime income. Eight equally sized octiles are constructed for 
couples and two equally sized quantiles are constructed for single females and single males. We compare the changes that 
occur after the introduction of a capital gains tax, relative to the no capital gains tax case.  

Table 4b: Welfare effects of capital gains taxes when capital gains are due to inflation  

Capital gains tax on all households, relatively inelastic housing supply (η = 2.0) 

 Average 
income 

Average 
Welfare 
change 

Fraction 
worse off 

Fraction 
same 

Fraction 
better off 

 Capital gains tax on all households relative to no capital gains tax 
Couples – 1 29676 -0.2% 55.0% 15.0% 30.0% 
Couples – 2 43538 15.7% 5.0% 10.0% 85.0% 
Couples – 3 48615 9.9% 7.5% 7.5% 85.0% 
Couples – 4 50598 7.0% 7.5% 5.0% 87.5% 
Couples – 5 52296 7.3% 10.0% 10.0% 80.0% 
Couples – 6 58124 6.0% 2.5% 2.5% 95.0% 
Couples – 7 60961 11.7% 5.0% 2.5% 92.5% 
Couples – 8 74329 7.5% 0.0% 5.0% 95.0% 
      
Singles – F 1  19370 -17.5% 95.0% 5.0% 0.0% 
Singles – F 2  28656 2.6% 10.0% 10.0% 80.0% 
Singles – M 1  21424 -8.2% 90.0% 10.0% 0.0% 
Singles – M 2  32259 3.1% 35.0% 10.0% 55.0% 
      
Total 46899 5.5% 20.8% 7.5% 71.8% 

Source: Authors’ calculations using the Binning-Coleman model. 
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Why are some households better off from the reform? The households that are better off are 
those that are able to change their housing arrangements and can avoid the impact of the 
higher rents without being badly affected by the credit constraints. In the model, many of 
these agents are those that inherit houses. The higher cost of renting significantly increases 
the fraction of people owning a house, and this increases the fraction of people who get to 
inherit a house (as well as leave one to their children). This mechanism for reducing long run 
wealth inequality is captured in the model and is responsible for many of the observed 
increases in welfare. The reasoning is sound, but this aspect of the model is possibly subject 
to the greatest amount of uncertainty. It is also a very long run effect – it takes place two or 
three generations after the tax reform is introduced.  

Table 4b shows the welfare implications of imposing capital gains taxes on all households. 
These are far more positive – now 70 percent of new households would be better off from the 
reform, and only 20 percent would be worse off. The difference reflects two changes. First, a 
lot of revenue is raised from the tax, and this is refunded as a lower GST rate, reducing the 
cost of consumption. Low income households that rent – but not the lowest income 
households – gain much more from the GST rebate than they do when only landlords pay the 
tax, but they experience a similar increase in rents. This is partly because imposing a tax on 
all households is less regressive as high income households living in large houses also pay 
the capital gains tax. Secondly, there is a decrease in house prices as the higher user cost of 
housing (depreciation costs, interest rate costs, and tax costs) reduces the price of housing. 
Even though the size of the reduction is not enormous relative to the case where there is no 
capital gains tax, it is enough to raise the welfare of most new households. These households 
pay capital gains tax, but have this refunded as lower GST. These two effects are broadly 
balanced although some households will do better and others do worse. The reduction in 
house prices benefits all new households that purchase a house at some stage of their lives, as 
they save on interest payments. Collectively, therefore, new households will favour the tax. 
In this case, as is the case in all models with over-lapping generations, their gains are offset 
by the losses of current property owners (Feldstein 1977). To the extent that prices are 
artificially high because housing is a tax-favoured investment class, the rebalancing towards 
new generations will be consistent with what many people consider to be fair.  

The contrast between the two sets of results is stark. Raising a capital gains tax on landlords 
when inflation is the cause of a large component of capital gains risks reducing the welfare of 
many people, quite possibly a majority of people, particularly those who have low incomes as 
it will raise rents without offering much compensation. In contrast, a capital gains tax on all 
households will be advantageous to a large majority of young and new households, even 
though it also raises rents. This is because it lowers house prices and allows a sufficiently 
large reduction in other taxes for households to afford either higher rents or their capital gains 
tax bill. The improvement in welfare stemming from lower house prices is offset by the 
welfare losses of current property owners, many of whom have gained from the artificially 
high prices induced by current tax arrangements.  

 

4. Income growth, house price changes, and capital gains taxes.  

The previous section analysed the effect of capital gains taxes when the capital gains stem 
from inflation. This section analyses the effects of capital gains taxes when there are real 
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capital gains stemming from real income growth. The inflation rate is assumed to be zero to 
isolate the effects, and real incomes increase at one percent per year. 

Over long periods of time, higher incomes generally result in a better quality housing stock as 
people use their income to buy bigger houses. This generates modelling difficulties as there is 
no obvious equilibrium except one in which ultimately everyone lives in bigger houses. Since 
the focus of the exercise is to understand how a capital tax may affect the level of house 
prices, in this simulation the supply of houses is made very inelastic (η=5) so that the higher 
housing demand resulting from higher incomes leads to a higher price for better quality 
houses. As there is no population growth in this scenario, changes in the total demand for 
housing occur only because of differences in the fraction of people sharing with others. In 
reality, population growth is likely to be a cause of price increases as well, and in the long run 
houses get built for most residents of an area.  

 Table 5 shows the results of the simulation. In the basic simulation income growth of one 
percent per annum causes real house prices to increase by 0.8% per annum, which provides 
the capital gains in the model. If capital gains are not taxed but other income is taxed (the 
current tax regime), both landlords and households have an incentive to purchase more 
housing than otherwise. Consequently, introducing a capital gains tax on all households, 
owner-occupied and landlords, leads to modestly lower prices than the current tax regime, but 
higher rents as landlords raise the rent/house-price ratio to offset the higher taxes. The 
combination of higher rents and lower prices leads to a significant increase in the home 
ownership rate – in this simulation it increases by 5 percentage points. There is also a small 
reduction in the number of large houses, as these are no longer tax advantaged relative to 
other assets. Enough revenue is raised to allow the GST rate to fall by just over 2 percentage 
points.  

A capital gains tax applied only to landlords has different effects. The tax on landlords raises 
the rents and increases the long run cost of renting relative to owning a house. This induces 
households to purchase a house, not just because it is cheaper than renting but because it 
provides a better after-tax return than lending money. This leads to a large decline in the 
number of people wanting to rent, and house prices, particularly better quality house prices 
increase to choke off the additional demand. Little revenue is raised from the tax, as non-
taxpaying home-owners purchase the properties rather than landlords.  

Tables 6a and 6b show the welfare implications of these simulations. Table 6a, showing the 
change in welfare for new households when a capital gains tax on landlords is introduced, 
suggests that the tax would reduce welfare by more than 1 percent for 55 percent of new 
households, and increase welfare by at least 1 percent for only 20 percent. Most of the 
adversely affected households are low income, and they are disproportionately single. This is 
because these groups rent, and rents increase, but they only get a modest rebate from the tax 
revenue as little is raised because most households do not pay the tax. 

Table 6b indicates a very different situation if taxes were raised on all households. In this 
case 75 percent of new households are better off, and only ten percent of households are 
worse off. Most households are better off because of the decline in house prices. The capital 
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Table 5: Effect of capital gains tax when capital gains are due to income growth.  

  
Inelastic supply of housing (η = 5) 
 Income growth = 1% per annum 

  
Current 
tax 

CGT on 
landlords 

CGT on all 
houses 

 Level Change from current tax level 
Annual rent 13500 +800 +500
Small house price  362000 +2500 -4100
Large house price 654000 +16000 -6000
House price inflation 0.8% 0.8% 0.9%
Number small houses  1047000 -1000 +2000
Number large houses 452000 +2000 -1000
Fraction houses rented 46%  -10% -5%
GST rate  17.9% -0.5% -2.2%

Source: Author’s calculations using the Binning-Coleman model. 

 

gains tax is offset by the reduction in GST, so households that purchase at some stage in their 
lives gain from the reform by paying less for the house they purchase. Once again, the new 
cohort’s gain is balanced by the loss absorbed by current owners of property. This 
mechanism is very similar to that occurring when inflation is the cause of property price 
increases. Note that even in these circumstances there is still a tax advantage for owner-
occupied property as the imputed rent is not taxed.  

5. Qualification(s) 

This paper uses a stylised model of the property market to investigate the possible long-term 
effects of imposing a capital gains tax on landlords in New Zealand. Models are 
simplifications of reality that allow answers to be formulated to complex economic questions 
in a consistent way. It is often the case that trade-offs are made when models are built, some 
aspects are simplified to allow more detail and realism in other areas. In the introduction we 
outlined some of the key aspects of housing markets that make them difficult to model, and 
discussed some of the simplifying assumptions we made. In this section we wish to reiterate 
some of these qualifications.  

The key contribution of this paper is the calculation of endogenous house prices and rents 
when there are ownership and rental sectors. Heterogeneity in housing markets is also 
introduced, although some simplifications are necessary to allow house prices to be 
endogenized. For example, we allow for a range of housing options, but we only consider two 
house types. This circumvents an otherwise difficult problem but means individual responses 
to taxes tend to take place only occasionally as large discrete changes in living arrangements. 
This means the welfare costs of any changes will be exaggerated as we do not allow 
households to make smaller adjustments to the housing arrangements as prices and taxes 
change. 

The model is setup to explain the long-run effects of tax policy interventions on the housing 
market. It assumes housing choices are made rationally, that inflation and income growth are 
predictable, and that people have a reasonable way of forecasting housing market trends.  
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Table 6a: Welfare effects of capital gains taxes when capital gains are due to income 
growth. Capital gains tax on landlords only, inelastic housing supply (η = 5.0) 

 Average 
income 

Average 
Welfare 
change 

Fraction 
worse off 

Fraction 
same 

Fraction 
better off 

 Capital gains tax on landlords relative to no capital gains tax 
Couples – 1 29676 -4.9% 95.0% 0.0% 5.0% 
Couples – 2 43538 15.5% 65.0% 5.0% 30.0% 
Couples – 3 48615 9.4% 35.0% 12.5% 52.5% 
Couples – 4 50598 3.7% 37.5% 20.0% 42.5% 
Couples – 5 52296 1.2% 37.5% 32.5% 30.0% 
Couples – 6 58124 0.6% 17.5% 57.5% 25.0% 
Couples – 7 60961 -1.0% 32.5% 50.0% 17.5% 
Couples – 8 74329 -3.2% 37.5% 60.0% 2.5% 
      
Singles – F 1  19370 -15.0% 100.0% 0.0% 0.0% 
Singles – F 2  28656 -3.7% 95.0% 0.0% 5.0% 
Singles – M 1  21424 -11.0% 100.0% 0.0% 0.0% 
Singles – M 2  32259 1.2% 85.0% 0.0% 15.0% 
      
Total  46899 0.7% 54.8% 23.8% 21.5% 

Source: Authors’ calculations using the Binning-Coleman model. 

 

Table 6b: Welfare effects of capital gains taxes when capital gains are due to income 
growth. Capital gains tax on all households, inelastic housing supply (η = 5.0) 

 Average 
income 

Average 
Welfare 
change 

Fraction 
worse off 

Fraction 
same 

Fraction 
better off 

 Capital gains tax on all households relative to no capital gains tax 
Couples – 1 29676 1.0% 25.0% 30.0% 45.0% 
Couples – 2 43538 9.1% 0.0% 22.5% 77.5% 
Couples – 3 48615 9.0% 5.0% 12.5% 82.5% 
Couples – 4 50598 5.1% 2.5% 2.5% 95.0% 
Couples – 5 52296 4.7% 0.0% 2.5% 97.5% 
Couples – 6 58124 4.3% 0.0% 2.5% 97.5% 
Couples – 7 60961 2.4% 5.0% 5.0% 90.0% 
Couples – 8 74329 1.6% 10.0% 0.0% 90.0% 
      
Singles – F 1  19370 -4.7% 60.0% 40.0% 0.0% 
Singles – F 2  28656 3.4% 0.0% 25.0% 75.0% 
Singles – M 1  21424 -2.0% 55.0% 40.0% 5.0% 
Singles – M 2  32259 4.0% 5.0% 30.0% 65.0% 
      
Total 46899 3.8% 10.8% 14.5% 74.8% 

Source: Authors’ calculations using the Binning-Coleman model. 
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It does not examine how discrete changes to the level of interest rates or population may lead 
to one off changes in the level of house prices and rents, and how a capital gains tax may 
affect prices and expectations in these circumstances. These are likely to have been an 
important component of New Zealand’s recent history. The low level of international interest 
rates means these one-off changes may not reoccur – or they may even reverse. 

The long run consequences of population growth are not captured in this model. These may 
have different effects than long run income growth. Long run income growth creates 
pressures to build better houses while long run population growth creates pressure to build 
more houses and houses that are either more costly to build or less conveniently located. This 
problem is less amenable to current modelling techniques as it involves long term changes in 
income-house price ratios when the housing supply is not elastic.  

Finally, the model attempts to take into account the competition between landlords and 
owner-occupiers and the different credit constraints on these two parties. However we have 
not been able to model the effect credit constraints have on landlords. This is because many 
landlords are sufficiently wealthy that they will not be affected. Furthermore we are unable to 
determine which landlord is the marginal landlord. We are also unable to allow for “bubble” 
expectations among landlords. These features could also be important for understanding the 
New Zealand housing market and the impact of the introduction of a capital gains tax. 

 

6. Conclusion 

In this note we investigate the long-run impact of introducing a capital gains tax on 
residential property in New Zealand. We do this by developing an overlapping generations 
model of the housing market with four cohorts; two young, one middle aged and one retired. 
Each cohort consists of a large number of households that differ by income. The housing 
market consists of small and large houses; small houses can be rented, shared or owned while 
large houses are owner-occupied only. Agents choose consumption, saving, borrowing and 
their housing plans to maximize lifetime utility subject to their budget constraints. The two 
young cohorts face additional realistic borrowing, debt servicing and repayment constraints 
that make home ownership difficult. House prices and rents are determined endogenously 
within the model. We calibrate the model to match key features of the New Zealand housing 
market, income distribution and economy. The model is used as a laboratory to see how key 
housing market statistics and household welfare change, in the long run, when a capital gains 
tax is only imposed on landlords, and both landlords and owner-occupiers. We investigate the 
implications for both nominal and real capital gains.  

Our findings can be summarised as follows:  

(i) Imposing a capital gains tax on landlords can worsen overall welfare, while 
imposing a capital gains tax on all houses can improve it. 

(ii) Introducing a capital gains tax raises rents more than house prices fall. This affects 
poorer and younger households as they are more likely to rent. House prices don’t 
fall by quite so much because owner-occupied housing is still tax advantaged, as 
imputed rents are not taxed.  

(iii) In the paper we have examined the effect of a capital gains tax when capital gains 
can be expected to be ongoing as they stem from generalised inflation or real 
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income growth. The results are similar. Other factors that have generated house 
price growth like high population growth have not yet been analysed. Some 
factors such as declining interest rates that have contributed to high house price 
growth in the past are unlikely to occur on an ongoing basis and may not 
contribute to future house price growth, or could be reversed. 

Raising a capital gains tax on landlords when capital gains are entirely due to inflation risks 
reducing the welfare of many people. Those who have low incomes face higher rents without 
much compensation. In contrast, a capital gains tax on all households will be advantageous to 
a large majority of young and new households, even though it also raises rents. This is 
because it lowers house prices and allows a sufficiently large reduction in other taxes for 
households to afford either higher rents or their capital gains tax bill. The improvement in 
welfare stemming from lower house prices is offset by the welfare losses of current property 
owners, many of whom have gained from the artificially high prices induced by current tax 
arrangements.  

When capital gains are driven by real income growth and a capital gains tax is only imposed 
on landlords, welfare also falls for the majority of new households. Most of the adversely 
affected households are low income, and they are disproportionately single. These groups 
rent, and rents increase, but they only get a modest rebate from the tax revenue as little is 
raised, because most households do not pay the capital gains tax.  

If capital gains are real and capital gains taxes are raised on all households, a very different 
situation emerges. A large majority of new households are better off because house prices 
decline. The capital gains tax is offset by the reduction in GST, so households that purchase 
at some stage in their lives gain from the reform by paying less for the house they purchase. 
Once again, the new cohort’s gain is balanced by the loss absorbed by current owners of 
property, which is a similar mechanism that occurred when inflation was the sole cause of 
property price increases. Even in these circumstances there is still a tax advantage for owner-
occupied property as the imputed rent is not taxed.  

The modelling results in this paper suggest that tax rules that provide tax advantages to 
housing may hurt the households they are intended to help. This is because some of the tax 
advantage is captured as higher house prices. There is a long tradition in economic theory, 
dating back to Ricardo (1817) that well-intended government interventions can backfire if the 
incidence of the tax is shifted from the intended beneficiaries to property owners. Our results 
are in keeping with this literature. More recent analysis of these issues includes Skinner 
(1996), Gervais (2002), Hilber and Turner (2014) and Sommer and Sullivan (2018). These 
papers all suggest that tax concessions to housing are likely to reduce the welfare of young 
and new households by increasing the price of housing. Most of these papers are theoretical, 
like ours, but Hilber and Turner (2014)  provide empirical evidence that the U.S. policy 
allowing households to deduct mortgage interest payments from their taxes has not had the 
hoped for improvement in housing affordability as it has led to higher house prices. The 
broader lesson is that analysis of the effects of tax policies that does not incorporate how the 
incidence of the taxes may be changed via the effect on property prices can be deeply 
misleading. Our results are in keeping with this lesson.18  

                                                           
18 We have also undertaken analysis in this model investigating the introduction of a land tax. We find the 
introduction of a land tax has more extensive effects. 
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Appendix 

The effect of the tax system on young homeowners 

The accompanying table (Table A1) outlines the calculations facing landlords and young 
potential homeowners. It is assumed that a first house costs $400,000, costs such as 
maintenance and insurance and rates facing landlords and homeowners are $5000 per 
year, the real interest rate is 4 percent, the tax rate is 33 percent, and inflation is either 0 or 
2 percent.  The table shows the relative cost of owning or renting for a household with an 
$80,000 deposit. 

There are five columns. The first column assumes there is zero inflation and no tax on 
capital income. In this scenario, neither the tax rate nor the inflation rate has any effect on 
the household’s decision.  In the remaining four columns the inflation rate is assumed to 
be 2 percent, but the tax regime varies: no taxes at all, the current tax regime, the current 
tax regime plus a capital gains tax on landlords, the current tax regime plus a capital gains 
tax on all households. 

When the inflation rate is zero and there is no tax, landlords charge $21,000 rent – just 
enough to cover the $16,000 interest they could earn plus the $5000 costs they face. If the 
young household lent their $80,000 and rented, their net cash costs would be $21,000 less 
$3200 interest, or $17,800.  However, a standard 25-year amortizing mortgage of 
$320,000 requires an annual payment of $20,483, including $7683 principal repayment. 
Purchasing a house means the household has to find this amount plus $5000 costs, which 
is $25,483 or $7683 more than the cost of renting and lending. The additional cash flow 
requirement is exactly the same as the principal repayments they make. The overall cost 
of renting and owning is the same in these two cases but owning comes with the 
obligation to save more. If a household cannot borrow any additional amounts, they may 
choose to rent rather than own as this frees up cash for them to spend on other things. 

If the inflation rate is 2 percent, nominal interest rates increase to 6 percent (6.08 percent 
to be precise). Suppose there is still no tax. Landlords need to make $24,320 to be as well 
off as lending money, and as they make an $8000 capital gain the rent stays more or less 
the same as before: $21,320. If the young household lent their $80,000 and rented, their 
net cash costs would reduce to $16,456, as they earn higher interest to compensate them 
for the loss of the value of their capital. However, a standard 25-year amortizing mortgage 
of $320,000 now requires annual payments of $25,223, including $5767 principal 
repayment. If the household purchases a house they have to find this amount plus $5000 
costs, which is $30,223 or $13,767 more than the cashflow necessary to rent. The total 
cost of homeownership and renting is still the same, because they make $8000 capital gain 
in addition to the saving from the principal repayments. The cashflow requirement is 
nearly twice as large as when inflation was zero. Even though the cost of owning and 
renting are the same, inflation is likely to make many households defer home-ownership 
because they cannot find the additional cash, or cannot make the higher payments without 
suffering big drops in other consumption.  

The situation for young households changes under our current tax system. Landlords can 
afford to charge lower rents as they get tax-free capital gains. Since interest income is 
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taxed, but capital gains are not, rents can fall by nearly $4000 to $17,380. A young 
household that rents and lends now has net outgoings of only $14,121. The cost of owner-
occupancy is unchanged. This means the cashflow saving from renting has increased to 
$16,102. Taking into account the homeowners’ savings and capital gains, renting is 
actually cheaper than owner-occupancy, by $2335. (This is not true for people with a 
large amount of equity in their homes: for someone who owns outright, the tax system 
makes them $4000 better off from owning rather than renting and lending, even though 
they would be equally well off if there was no tax). The current tax system therefore 
provides big cashflow advantages to renters, as well as making ownership cheaper overall, 
so long as they only have a small deposit.  

What happens if a capital gains tax is introduced on landlords? Landlords no longer make 
tax-free capital gains and have to raise rents by nearly $4000 to $21,320 (the same as if 
there were no taxes at all) to make as much as lending their money. The increase in rents 
not only reduces the cashflow advantages of renting, but it makes it more expensive than 
owning. Potential renters now face a much more difficult choice. Under the current tax 
system renting saves them $2335, and requires $16,100 less cash. Under the new system it 
costs them $1605 more to rent than own, and only frees up $12,162. Many more people 
will want to purchase in these circumstances, despite the higher cash-flow costs. Other 
people will wish they could afford to make the high interest payments, but choose to rent 
because they can’t afford the high mortgage payments that include large principal 
repayments. 

If a capital gains tax is introduced on owner-occupiers and landlords, the calculus changes 
again. Rents remain elevated; the cashflow costs of homeownership remain the same 
(depending on when the capital gains tax is paid); but the overall gains from 
homeownership are reduced, and are once again negative for people with low equity in 
their homes. They are still positive for people who have a large equity position in their 
home, as they have to pay full tax on interest earnings but they only pay tax on capital 
gains, not their imputed rent. 

These calculations indicate that a capital gains tax on landlords is likely to raise rents, 
assuming house prices stay the same. But won’t house prices change? Yes, they will. But 
it is not obvious that they will decline. When a capital gains tax is introduced on 
landlords, home-ownership becomes more attractive than it does under the current tax 
system, and more attractive than a neutral (zero tax) system. This means young 
households will compete amongst themselves for the available supply of houses, for even 
though landlords no longer get a tax advantage the tax advantage households gain relative 
to renting and lending is larger, and it increases with the equity they have in their houses. 
This competition will place a floor on house prices. It is not clear how low the floor will 
be. It will be lower if there is a capital gains tax on all households as owner-occupiers will 
be less prepared to pay a premium to purchase as the advantages of homeownership are 
not as great. 

It is possible that house prices could increase. Relative to the current tax regime, a tax 
regime with capital gains taxes on landlords increases the long run benefit and reduces the 
cashflow advantage of renting. This will make young households less willing to defer 
home-ownership. Currently many young people share accommodation with each other or 
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their parents, rather than purchasing a house by themselves (or with their partner) and 
leaving bedrooms empty.  If they share with other young people, this reduces the total 
demand for housing relative to the case that they rent or purchase and live by themselves. 
If they leave these shared housing arrangements earlier under the new tax regime, because 
the advantages of renting are so much lower, the total demand for housing will increase. 
Paradoxically, this increase in the total demand for housing could increase house prices. 
The net position will depend if credit-constrained young households are more willing than 
landlords to buy houses when the trade-off between the cashflow-advantage and the total-
cost advantage or disadvantage of renting is altered. The model in this paper suggests they 
are leading to a modest increase in house prices.  

 

Table A1: 

The costs and benefits of renting versus purchasing housing for different households 

  Inflation = 
0% 

 Inflation = 2% 

  No tax  No tax Current 
tax 

CGT 
landlords 

CGT all 
households 

Lending $400,000 
-after tax income 16000 24320 16294 16294 16294 
 

Landlords with $400,000 
-after tax capital gain 0 8000 8000 5360 5360 
-costs -5000 -5000 -5000 -5000 -5000 
-rent 21000 21320 17380 21320 21320 
 

Young household with $80000 deposit 
Renting  
-interest 3200 4864 3259 3259 3259 
-net rental  -17800 -16456 -14121 -18061 -18061 
Owning  
-capital gain 0 8000 8000 8000 5360 
-interest payment -20484 -25223 -25223 -25223 -25223 
-(principal) 7684 5767 5767 5767 5767 
-costs -5000 -5000 -5000 -5000 -5000 
-total cashflow -25484 -30223 -30223 -30223 -30223 
-net costs -17800 -16456 -16456 -16456 -19096 
    
Advantage of ownership 0 0 -2335 1605 -1035 
Cashflow disadvantage -7684 -13767 -16102 -12162 -12162 
 

Household with $400,000 owning house outright 
Advantage of ownership 0 0 4085 8026 5386 

Source: authors’ calculations. The tax rates are assumed to be 0% or 33% in all calculations. The real 
interest rate is 4%. The inflation rate is either zero (first column) or 2% (remaining columns). 
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Ivan Esler [TSY]

From: ^IRD: Matt Benge
Sent: Saturday, 8 December 2018 8:38 AM
To: 'Andrew Coleman'; Oscar Parkyn [TSY]
Cc: Andrew Binning [TSY]
Subject: RE: Estimate of the effect of CGT on rent

[UNCLASSIFIED] 
 
Hi Andrew 
 
Thanks for the clarification. We agree that caution about Eric’s econometric results is appropriate given 
data limitations, and questions about specification and methods applied.  
 
We have consistently given advice that there is likely to be upward pressure on the rent to price ratio 
and on rents. We have emphasised the uncertainty about the magnitude, and that the data (while very 
limited) does not suggest as strong a relationship between the rent to price ratio and rents and tax 
settings as your OLG modelling or Dominick Stephens single equation modelling predicts. We still 
believe it is appropriate to state that there is likely to be upward pressure on the rent to price ratio 
and rents, but taking account of evidence from other countries we believe that these increases will be 
small relative to estimates from the modelling. The modelling estimates depend heavily on a no-
arbitrage condition. So while the modelling estimates might be consistent with a long time for rents or 
prices to adjust to new tax settings, the rent to price ratio should adjust rapidly because this is a no-
arbitrage condition. We acknowledge there will be wide confidence intervals as you outline but in the 
countries we have been able to look at, we do not see big increases in rent to price ratios two or five 
years out from a capital gains tax reform. While the international evidence is scanty, the large changes 
in rent to price ratios predicted in the models seem very different from what other countries have 
experienced.  
 
Matt 
 
 
From: Andrew Coleman <andrew.coleman@otago.ac.nz>  
Sent: Thursday, 29 November 2018 5:36 PM 
To: Oscar.Parkyn@treasury.govt.nz; Matt Benge < > 
Cc: Andrew Binning [TSY] <Andrew.Binning@treasury.govt.nz> 
Subject: Estimate of the effect of CGT on rent 
 

Hi Matt, Andrew, Oscar 

 

i was looking at the final revision we have made and want to comment a little bit about the TWG 
Secretariat's interpretation of Eric Tong's Work. I have discussed this with Eric. 

 

My concern is about your interpretation of Eric's coefficient's of the effect of the CGT in Australia and 
Canada on rents. He has spot estimates of 0.21 (se = 0.17) for Australia and 0.22 (se = 0.29) for Canada. 
Both of these superficially suggest that the introduction of a CGT in these two countries had a very small 
effect on rents: the 95% confidence interval appears to be -0.13% to 0.55% for Australia and -0.36% to 
0.80% for Canada. Neither coefficient is statistically significant but the confidence intervals are small. 

s9(2)(a)
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This interpretation is wrong, for two reasons. The estimated equation has the change in rents as a dependent 
variable, and it includes a lagged dependent variable (the coefficient beta = 0.65, approximately) as well as 
the coefficient delta on the capital gains dummy variable.  

This means the long run effect of the capital gains dummy should be delta/(1-beta)  

 

Suppose the delta coefficient on the dummy is 0.2 and the beta coefficient (on lagged change in rent ) is 2/3. 
Suppose further that there is only one "1" in the dummy variable, at time T. 

 

At time T the immediate effect on change in rent is 0.2, so rents rise by 0.2, 

At time T+1 there is no further direct effect, but there is an indirect effect as rents at time T increased by 0.2 
and the lag on the dependent variable mean rents rise by a further 2/3* 0.2 = 0.133 

At time T+2 there is no further direct effect but the increase in rents at time T+1 means rents rise by a 
further 2/3* 0.1333 = 0.088888 
 
etc Summing up the series we get 0.2+ 0.133+0.008888.... = 0.2/(1-2/3) = 0.6 in total. 
 
You can imagine that it is really important to the get the lag structure correct to get the right estimate of 
the long run effect.  
 
This increases the effect from approximately 0.2 to 0.6, which is still rather small. But there is a second 
issue. The Dummy variable for capital gains has nine consecutive 1s in it, starting a year before the date 
that CGT was introduced and ending a year later. This means you need to multiply the effect by nine, so 
you get 5.35% for Australia and 6.52% for Canada. You have to multiply by nine because each year the 
dummy variable is equal to 1 the rent goes up and then there is a sequnce of indirect effects. 
 
It is quite difficult to calculate the 95% confidence interval for this number because it depends on the 
correlation between the standard error estimates for the coefficients beta and delta as well as the 
standard errors of each. Moreover, the standard error of beta matters a lot as you are dividing by (1-beta) 
and dividing by (1-0.698+0.056) is quite different to dividing by (1- 0.698-0.056). I could do a monte carlo 
simulation (under the assumption the standard error estimates of the coefficients are uncorrelated) but 
you can easily imagine the confidence interval may be quite a lot bigger than -5% to 15% .  
 
The difficulty is knowing exactly the lag structure to include and the number of 1s to include in the dummy 
variable. There is no right answer - this is one of the difficulties of doing this type of econometric time 
series estimation. I think Eric has done a good job under limited time circumstances, and frankly do not 
know how I would have approached this issue - other than to be have been very wary about estimating 
this type of relationship in differences.  
 
If the confidence interval of these estimates is -5% to +15% or even more, it would appear that the upper 
end of the confidence interval is not terribly inconsistent with some of the numbers we have in our model. 
You may recall our model suggests that a CGT on rental property would be associated with a modest 2-4% 
change in house prices and a somewhat larger 15 - 18% long term increase in rents. 15% -18% is definitely 
greater than the 5.5-6.5% spot estimates from Tong's model, but probably within a 95% confidence 
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interval. Given some of the issues surrounding Ton's estimate and given that our model explicitly 
calculates long term effects, I would not be surprised if a 10% increase in rents occurred, particularly as his 
spot estimates also indicate a modest increase in house prices. 
 
My wider point is a concern that you may have misinterpreted the meaning of Eric's estimates by not 
taking into account the adjustments needed to convert short term estimates into long term estimates. If 
you have made these adjustments, could you tell me? My reason for asking is that I am wishing to 
comment on this issue in the paper - are the paper estimates inconsistent with the estimates from other 
countries - and it would be useful to know whether we are on the same page on this issue.  
 
 
I know this is a small issue in the bigger scheme of things, and that you are very busy redesigning the tax 
system, but it would be useful to ensure your final report contains accurate information. 
 
Andrew Coleman 
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