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Research design
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Model and Hypothetical Experiment

A simple model

immobile and mobile factor (land, labor)
decreasing returns and constant/increasing returns to scale
sectors (agriculture, manufacturing) Details

Hypothetical experiment

Drop workers at randomly chosen locations

Suppose we Þnd a positive e!ect on later population growth

Consistent with agglomeration economies
Inconsistent with (only) natural advantages, random growth

Intuition

larger labor force→ higher wages (with agglomeration econ.)
[... → lower wages (with natural advantages)]
e!ects large if pre-treatment situation close to the threshold
where manufacturing sector emerges
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World War II

10% of Finnish territory ceded to the Soviet Union

430,000 persons (11% of the total population) evacuated

Land Acquisition Act (May 1945)
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The Resettlement Policy

Aim: compensate losses by giving

land to displaced farmers

government bonds to urban population

Execution (farmers)

Swedish-speaking areas exempt

all publicly owned land used Þrst

... but half expropriated from private farmers
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Expropriation Scale for Privately Owned Land

0

.2

.4

.6

E
xp

ro
ria

tio
n 

ra
te

0 50 100 150
Hectares of land

Agglomeration in the Periphery Matti Sarvimäki



Exproriable private land, 1930

Leningrad 
(St Petersborgh)

Stockholm
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Turku

Private land available for
exproriation (hect. per capita)
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Ceded Area

0 50 100 150 20025
Kilometers



Publicly owned land, 1940
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Share of Swedish-speaking population, 1930
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Distribution of the Displaced Persons
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Data

Municipality-level (1930Ð2000)

Population, rough production structure, migration, fertility,
mortality, taxable income per capita, land area, geographical
location, connected to the railway network, local price index
Baseline sample: 349 rural municipalities not loosing territory

Individual-level (1939, 1950, 1970/71)

Census data linked to 1971 tax register
Sample: 24,418 individuals born between 1905 and 1939 and
living in the target municipalities in 1939
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Wartime and Post-War Population Growth Rates
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Descriptive Statistics

Mean SD

Share of displaced population, 1948 0.09 0.07

Population growth rate
1930Ð1939 0.03 0.22
1939Ð1949 0.21 0.17
1949Ð2000 -0.07 0.69

Share of labor force in primary sector
1930 0.83 0.15
1939 0.81 0.15
1950 0.68 0.16
2000 0.16 0.08

Data: 349 rural municipalities.
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IdentiÞcation

Estimation equation

yjt = ! gjw + Xj" + #jt

whereyjt is the outcome of interest,gjw war-time population growth rate,Xj
observables,! jt unobservables

Challenge

gjw may be correlated with#jt

Solution

Instrument with features of the resettlement plan
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Identifying Assumption

At least one of the instruments
1 hectares of expropriable land per capita in 1930
2 hectares of publicly owned land per capita in 1940
3 share of Swedish-speaking population in 1930

a!ects post-war outcomesonly through war-time population shock

Why is this plausible?

the identifying variation formed in the Middle Ages

since then: rapid population growth, shift of economic center
from Stockholm to St Petersburg, revolution in transportation
technology, the end of the Little Ice Age...

Robustness checks [discussed below]
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First-Stage: Population Growth Rate 1939Ð1949

(1) (2)

Hectares of expropriable 0.24 0.24
land per capita (1930) (0.05) (0.06)

Hectares of publicly owned land 0.25 0.12
per capita (1940) (0.10) (0.11)

Share of Swedish-speaking -0.19 -0.16
population (1930) (0.04) (0.04)

Control variables no yes
F-statistic for instruments 21.5 17.7
Partial R2 0.16 0.14

Data: 349 rural municipalities. Control variables: population growth rate
1930Ð1939, share of labor force in primary sector 1930, taxable income per
capita 1938, population density 1939, market access 1939, longitude, latitude,
neighbor of a city 1939, connected to the railway network 1939.
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Impact on Post-War Population Growth

Dependent variable:
Population Growth Rate between 1949 and

1950 1960 1970 1980 1990 2000

OLS 0.05 0.43 0.76 1.09 1.33 1.51
(0.01) (0.06) (0.08) (0.13) (0.17) (0.20)

2SLS 0.11 0.36 0.59 0.93 1.32 1.65
(0.03) (0.15) (0.22) (0.34) (0.45) (0.54)

Treatment: Population growth rate between 1939 and 1949. Data: 349 rural
municipalities. Controlling for population growth rate 1930Ð1939, share of
labor force in primary sector 1930, log taxable income per capita 1938, log
population density 1939, market access 1939, longitude, latitude, neighbor of a
city 1939, connected to the railway network 1939.
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Main Results by Instrument

2SLS

OLS Inst. 1 Inst. 2 Inst. 3 All

With control 1.77 1.84 1.79 0.49 1.28
variables (0.19) (0.70) (1.03) (0.80) (0.49)

Without contr. 1.51 2.14 2.47 0.97 1.65
variables (0.20) (0.69) (1.25) (0.74) (0.54)

Dependent variable: Population growth rate in 1949Ð2000. Instrument 1:
Hectares of expropriable land per capita (1930). Instrument 2: Hectares of
publicly owned landper capita (1940). Instrument 3: Share of Swedish-speaking
population (1930).
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More Robustness Checks

No impact on pre-war population growth Estimates

Sensitivity to the violations of the exclusion restrictionDetails

Alternative sample areas Details

Outliers Details

Alternative standard errors Details

Alternative mechanisms

Di!erences in fertility, human capital Details

Physical capital
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Interactions with Initial Conditions

OLS 2SLS

Population Growth Rate 0.81 0.80 0.14 0.58
between 1939 and 1949 (0.31) (0.33) (0.57) (0.66)

Labor Force Share in the 0.69 0.85 -0.78 -0.59
Non-Primary Sector, 1930 (0.34) (0.39) (0.58) (0.90)

Interaction 2.51 2.53 7.25 6.52
(0.94) (0.93) (1.87) (2.46)

Control variables no yes no yes

Dependent variable: Population growth rate in 1949Ð2000. Example: 0.2
increase in wartime population growth rate would increase post-war population
growth rate by 0.17 percentage points at the Þrst quantile (7% working in
non-primary sector in 1930) and by 0.27 at the thrid quantile (21%).
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Production Structure

OLS 2SLS

Primary Sector 0.02 0.01 -0.01 0.00
(0.01) (0.01) (0.02) (0.02)

Non-Primary Sector 0.21 0.23 0.41 0.62
(0.08) (0.08) (0.19) (0.24)

Control variables no yes no yes

Dependent variables: percentage change in the number of individuals working
in primary (Þrst row) and non-primary (second row) sector between 1950 and
2000. Means of the dependent variables are -0.86 and 1.15, respectively.

Agglomeration in the Periphery Matti Sarvimäki



Introduction Test Resettlement Data Identification Results Conclusions

Wages, Prices and Local Amenities

OLS 2SLS

log Annual Taxable 0.19 0.14 0.67 0.89
Income, 1971 (0.06) (0.06) (0.18) (0.23)

Housing price 0.07 0.06 -0.06 -0.06
index, 1980 (0.02) (0.02) (0.05) (0.05)

Commodity 0.00 0.00 -0.03 -0.02
price index, 1980 (0.01) (0.01) (0.01) (0.02)

ÒReachabilityÓ -0.13 -0.06 -0.27 -0.16
index, 1980 (0.04) (0.03) (0.09) (0.08)

Control variables no yes no yes
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Conclusions

This paper

long-term impact of resettling tenth of the Finnish population

Previous work

focused on cities in developed countries

... but most people live elsewhere

Takeaway

agglomeration externalities important
even in rural areas of a developing country
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Environment

Two locations
costless trade at international markets (prices exogenous)

Fj units of immobile factor (quality of land )
Nj units of mobile factor (workers)

homogeneous, always supply one unit of labor,
wages equal marginal product
move freely across locations and sectors

A diminishing returns to scale sector (agriculture )
YAj = f (LAj , F )
fL > 0, fF > 0, fLL < 0, fFF < 0

Constant/increasing returns sector (manufacturing )
YMj = $ (LMj ) LMj

$L = 0 or $L > 0

Back
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Equilibrium within a Location: Constant Returns

N1

N1

w1

0 1!=

Marginal product
of labor in Agriculture

Marginal product
of labor in Manufacturing

share of workers in manufacturing
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The Natural Advantages Regime (small N)

Population

w
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The Natural Advantages Regime (small N)
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Equilibrium within a Location: Constant Returns

N1 N2

N1=N2

!  2

w1

w2

0 1

Agglomeration in the Periphery Matti Sarvimäki



Equilibrium within a Location: Constant Returns

N1 N2 N3

N1=N2=N3

!  2 ! 3

w1

w 3

0 1
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The Random Growth Regime (large N, ! � (Lm) = 0)
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Equilibrium within a Location: Agglomeration
Economies

N1

N1

w1

0 1
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Equilibrium within a Location: Agglomeration
Economies

N1 N2

N1

N2

λ2

w1

w2

0 1
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Equilibrium within a Location: Agglomeration
Economies
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Agglomeration Economies (large N, ! � > 0)
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Agglomeration Economies (large N, ! � > 0)
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FalsiÞcation Exercise:
Population Growth Rate 1930Ð1939

(1) (2)

Hectares of expropriable -0.18 -0.04
land per capita (1930) (0.07) (0.08)

Hectares of publicly owned land 0.00 -0.14
per capita (1940) (0.14) (0.15)

Share of Swedish-speaking -0.04 -0.06
population (1930) (0.05) (0.05)

Control variables no yes
F-statistic for instruments 2.8 0.9
Partial R2 0.02 0.01

Control variables: share of labor force in primary sector 1930, population

density in 1930, indicator for being a neighbor of a city (pre-war deÞnition),

longitude, latitude and nominal market access in 1930

Back



Violation of the exclusion restriction

Conley et al. (2008)

Gt + 1 = $Gt + X! + Z" + u

Gt = X! + Z%+ v

If we assume the magnitude of the direct e!ect (gamma),
we can consistently estimate (alpha) from

(Gt + 1 − Z" 0) = $Gt + X! + u

Back
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Violation of the exclusion restriction

" 2 = 0 " 2 = .3
" 1 = 0

" 3 = 0 1.65 1.46
(0.54) (0.54)

" 3 = −.3 0.81 0.62
(0.55) (0.55)

" 1 = .3
" 3 = 0 1.03 0.84

(0.54) (0.54)
" 3 = −.3 0.19 0.00

(0.57) (0.57)

i.e. to get point estimate to zero requires that an additional hectare
of suitable land had a direct e!ect increasing post-war population
growth rate by 30%and having Swedish speaking population
decreased population growth rate by 30%

Back



Alternative sample areas

Restricted sample

Settlement area

Ceded area

Baseline sample

0 50 100 150 20025
Kilometers

Back



Alternative sample areas

Dependent variable:
Population Growth between 1949 and

1950 1960 1970 1980 1990 2000

Baseline 0.11 0.36 0.59 0.93 1.32 1.65
(0.03) (0.15) (0.22) (0.34) (0.45) (0.54)

Restricted 0.04 0.41 0.72 1.05 1.29 1.48
(0.01) (0.06) (0.09) (0.14) (0.18) (0.21)

Restricted 0.10 0.25 0.29 0.61 1.04 1.42
(0.03) (0.17) (0.26) (0.39) (0.50) (0.61)

Settlement 0.06 0.25 0.32 0.52 1.00 1.36
(0.02) (0.20) (0.28) (0.40) (0.50) (0.58)

All 0.07 0.28 0.39 0.53 0.78 0.98
(0.04) (0.15) (0.24) (0.37) (0.47) (0.57)

Back



Outliers

Identifying inßuential observations (Cook, 1977)

Di =

�n
j = 1

�
ögj ,49+ a − ögj (−i ),49+ a

�2

(k + 1) s2 (1)

where ĝj ,49+ a is the prediction from the full regression model for
observationj , ĝj (−i ),49+ a is the prediction for observationj from a reÞtted
regression model in which observationi has been omitted,s2 is the
estimated root mean square error andk is the number of parameters in
the model. The intuition of this measure is that it is informative about
the inßuence of data pointi for the least squares regression estimate

Rule of thumb for suspected outliers:Di > 4/ (n − k − 1)

HereDi > 4/ (349− 10− 1) = .0118

Back
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Outliers

Dependent variable:
Population Growth between 1949 and

1950 1960 1970 1980 1990 2000

Baseline 0.11 0.36 0.59 0.93 1.32 1.65
(0.06) (0.13) (0.18) (0.27) (0.35) (0.43)

D > . 0236 0.05 0.30 0.50 0.62 0.97 1.11
(0.02) (0.11) (0.18) (0.25) (0.32) (0.39)

D > . 0118 0.05 0.22 0.53 0.62 0.71 0.86
(0.02) (0.11) (0.15) (0.26) (0.31) (0.36)

D > . 0030 0.05 0.25 0.42 0.42 0.62 0.84
(0.01) (0.08) (0.13) (0.23) (0.28) (0.31)
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Alternative Standard Errors

Small sample bias of robust standard errors

Chescher & Jewitt (1987): heteroscedastic robust standard
errors are biased downwards when heteroscedasticity is
relatively modest and the sample size is small
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Alternative Standard Errors

Dependent variable:
Population Growth between 1949 and

1950 1960 1970 1980 1990 2000

2SLS 0.11 0.36 0.59 0.93 1.32 1.65
Con (0.03) (0.15) (0.22) (0.34) (0.45) (0.54)
Rob (0.06) (0.13) (0.18) (0.27) (0.35) (0.43)

Spatial GMM
50km 0.07 0.32 0.53 0.86 1.22 1.52

(0.03) (0.15) (0.19) (0.28) (0.41) (0.52)

100km 0.07 0.34 0.53 0.85 1.24 1.57
(0.03) (0.14) (0.19) (0.26) (0.38) (0.50)

250km 0.08 0.33 0.53 0.84 1.30 1.76
(0.03) (0.13) (0.16) (0.22) (0.30) (0.40)
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Alternative Standard Errors

Spatial dependence

ConleyÕs (1999) Spatial GMM: similar to HAC in time-series,
but using covariance matrix estimator

öVs =
1
N

N�

i = 1

N�

j = 1

KN (si , sj ) · zsiö#i z
!

sj ö#j

whereKN (si , sj ) is an uniform kernel taking value one if
locationssi and sj are within a cut-o! distance of each other
and zero otherwise.
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Alternative Standard Errors

Dependent variable:
Population Growth between 1949 and

1950 1960 1970 1980 1990 2000
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Displaced vs. Non-Displaced Populations

Full Sample Rural Sample

Non- Non-
Disp. Disp Disp. Disp.
(1) (2) (3) (4)

Female 0.55 0.55 0.53 0.55
#Children, 1950 1.39 1.37 1.54 1.44
#Children, 1970 0.91 0.79 1.04 0.85
Alive, 2002 0.32 0.30 0.32 0.30
Native tongue Swedish 0.10 0.01 0.06 0.00
Post-primary education, 1950 0.09 0.09 0.04 0.05

Observations 3,426 31,395 2,485 19,762
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Displaced vs. Non-Displaced Populations

Full Sample Rural Sample

Non- Disp. Non- Disp.

Socio-Economic Status, 1939
Entrepeneur (non-ag.) 0.04 0.03 0.03 0.03
Entrepeneur (farmer) 0.10 0.11 0.14 0.15
White Collar 0.10 0.11 0.06 0.07
Blue Collar 0.32 0.25 0.27 0.21
Assisting Family Member 0.13 0.16 0.19 0.21
Out of Labor Force 0.31 0.34 0.31 0.34

Sector of Employment, 1939
Agriculture 0.31 0.30 0.44 0.41
Manufacturing 0.14 0.10 0.09 0.07
Construction 0.04 0.04 0.03 0.04
Services 0.17 0.19 0.11 0.13
Unknown 0.34 0.37 0.33 0.35
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Migration

OLS 2SLS

(1) (2) (3) (4)

Net 0.92 0.71 0.67 0.57
(0.12) (0.11) (0.30) (0.30)

In (internal) 3.72 3.04 3.58 4.06
(0.32) (0.32) (0.80) (0.87)

Out (internal) 2.82 2.34 3.09 3.66
(0.22) (0.23) (0.55) (0.63)

Control variables no yes no yes
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