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Context 
In February, Sense Partners was asked to provide the New Zealand Treasury with a forecast 

for migration based on our in-house proprietary model. 

Like Statistics New Zealand, and most demographic models, our model uses the cohort 

component method. 

Where our model differs from Statistics New Zealand is the treatment of migration – the key 

component of forecasting New Zealand’s population growth. 

Migration is everywhere an economic decision. Rather than adopt an aggregate assumption 

on net migration, we separate net migration into immigration and emigration flows. Some of 

our models also allow individuals to respond to economic conditions, improving the forecasts.  

This brief note documents our method and provides national demographic forecasts to New 

Zealand Treasury over the period to June 2022 for: (i) Population, (ii) Working Age, (iii) net 

Immigration, and (iv) emigration and immigration flows which are documented in the 

Appendix. 
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1. Model overview 
We use the cohort component method 

We follow most statistical agencies and construct our population forecasts based on the 

cohort component method. That method defines next period’s population as last period’s 

population adjusted for several components of demographic change: (i) births; (ii) deaths; and 

(iii) net migration.  

To produce a net migration component, we first produce separate immigration and 

emigration forecasts. Our immigration model also includes economic conditions.  

Statistics New Zealand produces ‘top-down’ forecasts by distributing national forecasts for 

population growth to subnational regions. In contrast, our model constructs separate ‘bottom-

up’ forecasts for births, deaths and emigration at the subnational level that are aggregated 

and combined with a national immigration forecast to make the national population forecast. 

The emigration forecast is   

Constructing a bottom-up forecast based on economic data holds the promise of improving 

emigration forecasts by using local labour market decisions escaping the type of information 

loss discussed in Orcutt et al. (1968).1  So our cohort component method is the following: 

𝑃𝑡
𝑁𝑍 = ∑ 𝑃𝑡

𝑖
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where 𝑖 is one of 66 sub-national districts, 𝑡 is the year the forecast relates to, 𝐵𝑡
𝑖  is the number 

of births at the district level, 𝐷𝑡
𝑖 is deaths at the subnational level, 𝐸𝑡

𝑖 is international emigration 

at the district level and 𝐼𝑡
𝑖  is a national immigration forecast distributed at the district level.  

Forecasting Births and Deaths 

We forecast births and deaths at the sub-national level using similar methods to Statistics New 

Zealand at the national level.  

For mortality, we use the coherent functional demographic model developed in Hyndman et 

al. (2013) that rather than directly estimating male and female mortality, estimates the product 

and ratio of male and female mortality. This helps ensure forecasts of mortality do not diverge 

by gender (see Woods and Dunstan 2014 for details).  

                                                 

 
1 For us, it is natural to describe the economic context at the sub-national level and to date, we do not test 

the extent to which our bottom-up approach determines forecast performance at the national level. We 

are also interested in forecast performance at the sub-national level. Richer analysis could test if the 

hierarchical forecast method of Hyndman et al. (2011) improves performance. 
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We estimate fertility rates for each age cohort at each district level using simple ARIMA 

models, smoothing across cohorts.2  

Both fertility and mortality rates are then applied to Statistics New Zealand population 

estimates to form base population prior to forecasting population change from migration. 

Approach relative to Statistics New Zealand 

The difference between Sense projections and Statistics New Zealand’s projections are 

differences in views about international migration.  

Along with substantial volatility, there is a general long term upward trend in inward migration 

into New Zealand reflecting the attractiveness of New Zealand and increasing numbers of 

people internationally who are capable of migrating. This means inward migration is 

increasing relative to the size of the New Zealand population.  

Trends in outward migration, on the other hand, have been subdued relative to the size of the 

population.3 Strong outwards flows to Australia are yet to reassert themselves. Consequently, 

net international migration is projected to grow.  

In contrast, Statistics New Zealand’s projections appear to be based on assumptions about net 

migration and an assumption that net migration will return to historical averages of the past – 

averages in terms of absolute rather than proportional numbers. This means not taking 

account of long term trends of increasing net migration.  

2. Forecasting emigration 
Domestic emigration by District 

Age cohorts largely determine emigration rates. So we construct domestic emigration 

estimates, by age, by district, based on observed Census rates of emigration. The underlying 

data is population changes by age by district compared with 5 years earlier.  

Rates of change are adjusted for mortality rates (estimated deaths). The remainder is 

estimated emigration flows, converted to rates relative to the base population. So that makes 

migration flows into a district (𝑑), by age (𝑎) in each year (𝑡):  

𝑒𝑎𝑑𝑡 = 𝑁𝑎𝑠𝑡−1𝜃𝑎𝑠𝑡δasdt 

Where 𝑁𝑎𝑠𝑡 is the population, by age (𝑎), in the source district (𝑠) in each year (𝑡). The value 𝜃𝑎𝑠𝑡 

is the probability that a person emigrates a given year. The value 𝛿𝑎𝑠𝑑𝑡 is the probability that a 

person migrating from a district (𝑠) goes to another district (𝑑, 𝑑 ≠ 𝑠).  

                                                 

 
2 An alternative would be to impose a Bayesian prior on the model that reflects the smoothness we expect 

to see in the data – eighteen-year-olds behavior similarly to nineteen-years olds who behave similarly to 

twenty-year olds etc. 
3 At least, this is the case since a rapid increase between 1960 and 1980, coinciding with rapid 

improvements in the availability and affordability of air transport. 
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The value is 𝜃𝑎𝑠𝑡 is modelled as: 

𝜃𝑎𝑠𝑡 = 𝑒𝜇𝑎𝑠𝑡+𝜖𝑎𝑠𝑡  

𝜖𝑎𝑠𝑡~𝑁(0, 𝜎2) 

where average age-specific migration rates (𝜇𝑎𝑠𝑡) are subject to random fluctuations (𝜎𝑎𝑠𝑡). 

Fluctuations are assumed to be entirely independent of each other over time.4  

Data we have on age-specific emigration rates are by age group. So, the values for 𝜇𝑎𝑠𝑡 are 

fitted using a semi-parametric model of migration by age. The source- and destination-specific 

arrival rates (𝛿𝑎𝑠𝑑𝑡) are constants. 

The model for emigration uses a model of economic activity be age and district to adjust the 

propensity to emigrate in any given year. The model of economic activity uses a VAR for 

industry GDP shares (𝑠𝑖𝑡) to forecast national-level industry GDP, where the VAR has the form:  

 𝑠𝑖𝑡 = 𝐴1. 𝑠𝑖𝑡−1 + 𝑢𝑡 

𝑠𝑖𝑡 = ln (
𝑦𝑖𝑡

∑ 𝑦𝑖𝑡
16
𝑖=1

) 

Where 𝑦𝑖𝑡 is GDP by industry (𝑖) and year (𝑡) and the coefficient matrix 𝐴 is subscripted with a 1 

to indicate a single lag in the VAR. Then, district level extensions of national trends are based 

on fixed variations (or correlations), that is: 

𝑦𝑖𝑗𝑡 = 𝑦𝑖𝑡exp (𝜃𝑖) + 𝜖𝑖𝑡 

𝜃𝑖𝑗 = ln (
∑ 𝑦𝑖𝑗𝑡𝑡 / ∑ 𝑦𝑖𝑗𝑡𝑖𝑡

∑ 𝑦𝑖𝑡𝑡 / ∑ 𝑦𝑖𝑡𝑖𝑡
) 

where district specific industry GDP is subscripted with a 𝑗. 

International emigration by District 

International migration by age and district is projected using average departure rates and an 

autoregressive model of movements around averages: 

𝑒𝑎𝑑𝑡 = 𝜇𝑎𝑑 + 𝑢𝑡 

𝑢𝑎𝑑𝑡 = 𝜌𝑎𝑑𝑡𝑢𝑎𝑑𝑡−1 + 𝜖𝑎𝑑𝑡 

Domestic emigration by District 

Emigration by age by district is based on observed Census rates of emigration. The data is 

population changes by age by district compared with 5 years earlier. Rates of change are 

adjusted for mortality rates (estimated deaths). The remainder is estimated emigration flows, 

converted to rates relative to the base population. 

𝑒𝑎𝑑𝑡 = 𝑁𝑎𝑑𝑡𝜃𝑎𝑑𝑡  

𝜃~𝑁(𝜇, 𝜎2) 

                                                 

 
4 This assumption is adopted because we have so few (4, by time dimension) data points to examine the 

time dependence of these emigration rates. which to examine  
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Emigration rates by age are fitted using a semi-parametric model of migration by age. The 

means of these rates are held constant. This does raise questions about whether changes in 

international migration in future are more likely to change domestic rates of migration.  

If international immigration increases this could change rates of domestic emigration or 

change preferences for domestic migration destinations. In terms of the rate of migration, 

there is evidence that international immigrants migrate within New Zealand at roughly the 

same rate as New Zealand born people.5 Research on whether immigrants have different 

preferences for destinations relative to natives when migrating internally appears not to have 

been researched in New Zealand.6  

There is also scope for preference change. An increase in numbers of migrants from Asia 

could, for example, increase the share of migrants in the population and these people may 

have different preferences in terms of internal migration relative to observed historical 

preferences. We assume no preference change.  

3. Forecasting immigration 
General approach 

The decision to migrate is typically an economic decision. Our approach to forecasting 

immigration is to obtain information on the economic performance of groups of countries 

relative to New Zealand to help predict arrivals. Growth in arrivals to New Zealand is 

dominated by changes in the number of non-citizens arriving in New Zealand while growth in 

departures is dominated by New Zealanders moving to Australia. 

These dynamics underscore that there are two (at least) materially different migration 

dynamics that affect international migration in and out of New Zealand: no individuals or 

families make net migration decisions. Instead, for New Zealand inward migration is drawn 

from the decisions of a large and potentially rapidly growing population. 

Relationship between migration and relative 
economic conditions 

High-level contributions to growth of New Zealand citizens and non-citizens and 

movements to and from Australia 

Growth in arrivals is dominated by changes in the number of non-citizens arriving in New 

Zealand. Growth in departures, are dominated by New Zealanders moving to Australia. 

                                                 

 
5 See Mare et al (2007). 
6 This is a different question to where migrants settle when they first arrive in New Zealand. 

Mare et al (2007), for example, shows that recent migrants tend to settle in areas with denser 

populations, higher incomes, and lower unemployment rates.  
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These dynamics further underscore that there are two quite different migration dynamics 

affecting international migration into and out of New Zealand. 

The main differences in these dynamics is that outward migration is drawn from a small and 

relatively slow growing population. Inward migration is drawn from a large and potentially 

rapidly growing population i.e. as incomes grow elsewhere in the world, the ability of people to 

move here increases. 

Relationship between migration and economic conditions in NZ and elsewhere 

Detailed economic information is not available for each of the 197 countries from which 

migrants came to New Zealand in 2016. So we implement clustering analysis as a data 

reduction technique, to define country clusters that exhibit similar behaviour for modelling 

purposes. We first begin with all countries that account for more than 0.5 percent of arrivals. 

This leaves 23 countries. Where reasonable, we reduce these groupings further. To do this, 

time series clustering methods are used to test potential alternative aggregations. 

Three methods are used to create dissimilarity measures for clustering: 

(i) Piccolo distance (PIC), which is the (Euclidian) distance between series based 

on ARIMA models of the data; 

(ii) Distances between logarithms of normalised periodograms (LNP); and  

(iii) Complexity invariant dissimilarity (CID), where the raw distance between 

series is corrected for complexity based on a complexity estimator which is 

the square root of the sum of the squared changes in each series. 

These methods are applied to create clusters of countries that we use to analyse flows. 

We average across different forecasting immigration 
forecasting models 

The models described here are used to forecast growth rates in inward and outward 

migration. Those forecasts are then used in demographic and economic projections by 

District. The forecasts are national level forecasts. 

Data preparation 

The data is quarterly and is seasonally adjusted. It includes: 

• national migration flows (including immigration and emigration) 

• migration by source country cluster (including immigration and emigration) 

• macro-variables (including house prices, unemployment rates, real TWI etc.). 

The data contains 124 observations, from March quarter 1986 to December quarter 2016. 
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The models 

We fit a range of models and conducted variable selection tests across a range of model 

specifications. Ultimately, we chose to average forecasts across 5 separate models: 

i. A-simple Vector Autoregression (VAR) of immigration and emigration. 

ii. A univariate time series trend projection model of immigration and emigration 

iii. Univariate models of the components of immigration and emigration. 

iv. A VECM model of immigration and emigration by country clusters. This model 

attempts to account for trends and co-movements in series. It includes immigration 

country clusters plus emigration, but excludes macroeconomic explanatory variables 

v. Vector Error-Correction Model with macroeconomic variables. This model introduces 

Australian and New Zealand unemployment rates as variables in the ECM VAR and the 

real trade-weighted exchange rate for NZ. 

Out-of-sample forecasting accuracy is tested with the model fitted to data from March 1986 to 

December 2006 and forecasts conducted for 40 periods into the future (to December 2016) 

Although the ECM VAR with macroeconomic predictors appears to have the best fit, the final 

forecasts area a weighted combination of the 5 models. 

Additional models 

We construct additional models to implement our approach. These include: 

(i) A stochastic projection model to project and- and sex-specific populations and 

labour force status by District in New Zealand (which also provides the base 

population for emigration forecasts). 

(ii) A model of economic outcomes to project GDP by industry, employment, 

earnings, unemployment rates. The model relies heavily of a VAR set-up based on 

industry shares. National level industry GDP is projected using a VAR for industry 

GDP shares: 

 𝑠𝑖𝑡 = 𝐴1. 𝑠𝑖𝑡−1 + 𝑢𝑡 
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4. Results 
Figures 2 and 3 show the updated Treasury and Sense Partner forecasts. They are similar at an 

aggregate level. At the end of the Treasury forecast period (June 2022), the Sense Partners 

population forecast is 0.63 percent higher – it contains 32,500 extra people. The Sense 

Partners working-age forecast is also higher and has almost 26,000 extra working age people. 

FIGURE 2: TREASURY’S NEW FORECAST IS SIMILAR TO OUR POPULATION FORECAST 

Resident population, March 2014 to June 2025 

 

Source: Statistics New Zealand, Sense Partners, New Zealand Treasury 

FIGURE 2: THE FORECASTS FOR THE WORKING AGE POPULATION ARE VERY CLOSE 

Working age population (15 years and over), March 2014 to June 2025

 

Source: Statistics New Zealand, Sense Partners, New Zealand Treasury 
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The higher population forecast is driven by a stronger outlook for net migration (see Figure 3). 

Our net migration forecast is based on an average of five models for immigration and a 

separate model for emigration. Figure 4 shows forecasts for immigration and emigration. 

Numbers are provided in Figure A1 in the Appendix.  

FIGURE 3: SENSE PARTNERS FORECASTS SUGGEST STRONGER NET MIGRATION 

Working age population (15 years and over), March 2014 to June 2025 

 

Source: Statistics New Zealand, Sense Partners, New Zealand Treasury 

FIGURE 4: BOTH EMIGRATION AND IMMIGRATION ARE EXPECTED TO INCREASE 

Working age population (15 years and over), March 2014 to June 2022 

 

Source: Statistics New Zealand, Sense Partners 
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Appendix 
FIGURE A1: SENSE PARTNERS NEW ZEALAND POPULATION FORECASTS 

Date Population WAP Net migration Arrivals Departures 

Dec-17 4,844,499 3,844,250 15,720 32,830 17,110 

Mar-18 4,867,856 3,864,982 17,267 33,963 16,696 

Jun-18 4,890,588 3,885,156 16,878 34,020 17,142 

Sep-18 4,912,621 3,904,715 16,312 33,829 17,517 

Dec-18 4,934,030 3,923,795 15,519 33,371 17,852 

Mar-19 4,955,017 3,942,486 14,706 32,821 18,115 

Jun-19 4,975,785 3,960,879 14,082 32,352 18,270 

Sep-19 4,996,323 3,978,934 13,626 31,966 18,340 

Dec-19 5,016,554 3,996,639 13,197 31,583 18,386 

Mar-20 5,036,583 4,014,124 12,824 31,251 18,427 

Jun-20 5,056,512 4,031,522 12,538 31,022 18,484 

Sep-20 5,076,338 4,048,909 12,300 30,870 18,570 

Dec-20 5,096,017 4,066,203 12,065 30,742 18,677 

Mar-21 5,115,598 4,083,298 11,849 30,647 18,798 

Jun-21 5,135,129 4,100,085 11,672 30,597 18,925 

Sep-21 5,154,548 4,116,345 11,496 30,574 19,078 

Dec-21 5,173,855 4,132,209 11,300 30,556 19,256 

Mar-22 5,193,189 4,148,099 11,123 30,545 19,422 

Jun-22 5,212,691 4,164,437 11,001 30,541 19,540 

Sep-22 5,232,459 4,181,466 11,001 30,608 19,607 

Dec-22 5,252,400 4,198,935 11,101 30,756 19,655 

Mar-23 5,272,366 4,216,519 11,204 30,905 19,701 

Jun-23 5,292,209 4,233,896 11,208 30,972 19,764 

Sep-23 5,311,889 4,251,004 11,099 30,971 19,872 

Dec-23 5,331,486 4,268,009 10,952 30,969 20,017 

Mar-24 5,351,030 4,284,929 10,810 30,967 20,157 

Jun-24 5,370,555 4,301,782 10,718 30,966 20,248 

Sep-24 5,390,065 4,318,573 10,667 30,967 20,300 

Dec-24 5,409,543 4,335,293 10,628 30,972 20,344 

Mar-25 5,428,992 4,351,941 10,605 30,980 20,375 

Jun-25 5,448,409 4,368,518 10,602 30,988 20,386 

Source: Statistics New Zealand, Sense Partners 


