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Abstract
We analyze whether Tanzanian households engage in internal migration as a 
response to weather-related shocks. Our findings confirm that climate shocks 
lead to a higher probability of migration by reducing agricultural yields, which 
in turn induces households to send their members away in order to spatially 
diversify their income. This effect is, however, low, since a 1% reduction in agri-
cultural income induced by weather shock increases the probability of migration 
by 3% for an average household. What is more, such mechanism is valid only 
for households whose income is highly dependent on agriculture, but is not 
significant for diversified livelihoods.
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1. Introduction 

There is a substantial evidence that climate has been changing in recent decades, both in terms of 

its means and extremes, and this trend will not only persist, but will also intensify in near future 

(IPCC, 2007). According to recent estimates, this unprecedented climate variability will first occur in 

the tropics and among low-income countries, where the projected mean climate may continuously 

move outside the bounds of historical variability already in 2034, about 17 years earlier than the 

global average (Mora et al., 2013). Through their implications for agricultural production, these 

changes will exert additional pressure on the populations in developing countries, both because 

majority of the poor rely on rain-fed agriculture and also because the share of food in the budget of 

the poor may amount to two-thirds (Cranfield at al., 2003). Therefore, climate change and climate 

variability should  be perceived as an important source of risk for rural households in developing 

countries. 

The link between climate and agricultural productivity has been thoroughly analyzed. Despite 

calibration caveats or data limitations, both Crop Growth Simulation Models and statistical studies 

reveal that whereas some yield gains are possible under global warming in temperate regions, the 

lowest income countries will experience the sharpest losses (Deryng et al., 2011). In particular, 

cereals, the staple food in most of developing world,  show the greatest potential to be adversely 

affected by climate change (Schlenker and Roberts, 2008) and according to Schlenker and Lobell 

(2010), yields will decline by about 10% by 2050 in nearly all countries in Sub-Saharan Africa. 

Schlenker and Roberts (2008) identified a clear threshold at 30 ̊ C for maize, after which additional 

increments to temperature result in sharp reduction in yields. This type of non-linearity can 

therefore have important consequences should the climate change lead to an increase in the 

intensity and frequency of extreme heat events (Easterling et al., 2000). 

The implications of increased climate anomalies may have a much broader range than just 

distortions of plant phenology. Other consequences include spread of crop pests and livestock 

diseases, and reduction in pastures (Swai et al., 2012), land degradation and soil erosion (Morton, 

2007), spread of human diseases such as malaria, cholera and typhoid (Kudamatsu et al., 2012) or 

conflict over water and other environmental resources (Harari and LaFerrara, 2012). In this study, 

however, our aim is to analyze the direct impact of changing weather conditions on rural 

households whose livelihood depend on farm activities, therefore we focus our attention solely on 

climate variability as a risk factor for the agriculture. In particular, we investigate the extent to 

which rural households engage in internal migration to ensure against agricultural risk due to 

weather-related shocks. 

The literature suggests a range of mechanisms that households living in risky environments have 

developed to shield their consumption from risk, including income smoothing, self-insurance, and 

social insurance arrangements, particularly important in the absence of formal insurance or credit 

markets. Much emphasis has been put on households depleting their productive assets (Kazianga 

and Udry, 2004; Fafchamps, Udry, and Czukas, 1998), making low-risk, low-return investment 
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(Rosenzweig and Binswanger, 1993), diversifying their income sources (Dercon, 1996) or 

diversifying landholdings into various spatially separated plots and into various crops (Townsend 

1994). Even though these strategies prove efficient to some extent, they do not lead to a level of 

consumption smoothing required by the permanent income hypothesis or to Pareto efficient 

allocation of risk within local communities (Kazianga and Udry, 2004).  

 Indeed, the effectiveness of these risk-bearing institutions is hindered by the fact that weather risk 

is spatially covariant. This applies particularly to formal and informal credit which, as useful as it can 

be in case of idiosyncratic risk, proves unworkable when the whole village experiences the same 

climatic stress (Rosenzweig and Stark, 1989). Similarly, the limited use of livestock as a buffer stock 

may be partly explained by the price dynamics at play when a nonidiosyncratic shock, such as 

drought, affects the whole region. In this context, spatial diversification of income through 

migration may be considered as a valid option in order to reduce vulnerability of smallholder 

farmers to weather risk. Since interhousehold family transfers are an important source of income 

insurance in low-income countries, a household, as long as it can afford the cost of migration, may 

decide to relocate one or more of its members within a country in order to reduce the correlation 

between origin and destination income shocks, adjusting the distance travelled by migrants 

accordingly (Rosenzweig and Stark, 1989). Therefore, a better understanding of the effectiveness 

and limitations of migration as a risk management strategy may inform us about  households’ 

ability to adapt to weather-related risk, and, potentially, inform the design of policy in the context 

of increasing climatic stress on the smallholder farmers in developing countries. 

A growing literature investigates the use of migration as a response to climate change or climate 

variability. Starting with Rosenzweig and Stark’s (1989) seminal paper on India, some evidence of 

environmentally induced migration has been found for low income countries (Burkina Faso (Henry 

et al., 2004), Ethiopia (Ezra and Kiros, 2001; Meze-Hausken, 2004 ), Mali (Findley, 1994)), but also for 

high income countries, for example the US, both in historical (McLeman and Smit, 2006) and 

modern perspective (Feng et al., 2012). Even though the prevailing strand of literature focuses on 

internal migration, international migration flows have also been modeled as a response to climatic 

stress (Marchiori et al., 2012; Feng et al., 2010; Munshi, 2003; Halliday, 2006).  

However, the environmentally induced migration is a highly contextual phenomenon, depending 

on particular agroecological conditions or cultural norms, as in case of female migration (Curran 

and Rivero-Fuentes, 2003), and therefore different studies produce different, sometimes 

conflicting, results. For example, a study on Ecuador emphasizes the importance of international 

migration as a response to agricultural shocks (Gray and Bilsborrow, 2010), whereas Findley (1994) 

and Henry et al. (2004) suggest that in west Africa, migrants choose short-distance destinations. 

Both papers show that mobility takes place primarily within rural zones. On the other hand, 

Marchiori et al. (2012) propose a model where environmental factors lead to international 

migration through urbanization. Other inconsistencies occur with respect to the role of female 

migration (Findley, 1994; Gray and Mueller, 2011), or the impact of natural disasters versus slow-

onset climatic changes (Halliday, 2006; Gray and Mueller, 2012; Gray et al., 2009). The most striking 
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is the example of Mexico in which case two papers on migration to the US found a positive 

relationship between climate change, crop yields, and migration (Munshi, 2003; Feng et al., 2010), 

whereas an alternative analysis suggests the reverse relationship, showing that Mexican migration 

to the US decreases as rainfall declines (Kniveton et al., 2008). Therefore, the hybrid narrative of 

environmental migration requires further investigation. 

What is more, a closer examination of the literature suggests that important data issues may be at 

stake. First, an important number of studies are based on household surveys covering a very 

limited number of individuals, households, and communities, which restrains the diversity of 

observed climatic conditions. Second, climatic data itself is not always available nor reliable, and 

covers a limited time span in case of majority of developing countries, forcing researchers to base 

their estimations on a merely a decade of observations, or on a highly extrapolated data. Finally, a 

lot of studies use rainfall data only, while temperature might be much more detrimental to 

agriculture according to recent research (Ahmed et al., 2011).  

In this paper, we attempt to address these challenges in a number of ways. Our contribution to the 

existing literature is threefold. First of all, we base our estimations on high-quality household 

survey data on Tanzania, covering a large and representative sample of households from the whole 

country (more than 16,000 individuals). We merge these data with a high-resolution1 climate data 

from Climatic Research Unit of the University of East Anglia (Harris et al., 2013), which enables us to 

test different climate measures, and we use both temperature and rainfall as our main explanatory 

variables. Secondly, the unquestionable advantage of Tanzanian setting to which we apply our 

estimations is its diversity of agroclimatic conditions and ecological zones, including different types 

of both semiarid and sub-humid environments, which proves to be essential for analyzing the 

impact of climate on livelihoods. Finally, not only do we examine whether there is any impact of 

climate on migration, but we also propose a mechanism through which adverse weather 

conditions induce human mobility. 

2. Background 

Tanzania appears to be a pertinent case study for the analysis of the link between climate 

variability, agricultural yields and human mobility. Although Tanzania is not considered to be a 

drought-prone area to the same extent as Ethiopia or Sudan, the country registered two important 

drought events in the last decade, leading to severe losses in some regions. At the same time, other 

parts of the country are subject to recurrent flooding. Indeed, the diversity of agroecological zones 

in Tanzania ranges from arid or semiarid zones, sub-humid highlands, plateaux, to alluvial plains 

and coastal zones (DePauw, 1984).  

An empirical analysis of rainfall and temperature suggests a trend of decreasing rainfall between 

1922 and 2007, whereas temperature mean and temperature extremes increased by 1.9 and 0.2 ̊ C 

respectively (Mary and Majule, 2009). Several future projections using General Circulation Model 

                                                           
1 0.5x0.5 degree  
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indicate that the interior of the country will experience a 20% decrease in rainfall in June – August 

season, shortening the rainy season and increasing the risk of drought, whereas precipitations are 

expected to increase by up to 50% in eastern Tanzania and the regions around Lake Victoria 

(Hulme et al., 2001). Temperatures are projected to increase by up to 2.2 ̊ C by 2100 (Agrawala et al., 

2003). Climate change should therefore be considered as an important challenge Tanzanian 

households will be about to face, all the more so because of the importance of agriculture for the 

poor. 

Agriculture accounts for about half of gross production, and employs about 80 %  of the labor force 

(Thurlow and Wobst, 2003). Agriculture in Tanzania is also primarily rain-fed, with only 2 % of arable 

land having irrigation facilities (FAO, 2009), which makes it particularly susceptible to adverse 

weather patterns. In a recent study, Rowhani et al. (2011) predict that by 2050, the projected 

seasonal temperature increases by 2 ̊ C in Tanzania will reduce average maize, sorghum, and rice 

yields by 13%, 8.8%, and 7.6% respectively. Ahmed et al. (2011), using CGE model, predict that this 

decrease in crop yields will have a spillover effect on other sectors, and , especially, on food prices, 

leading to an increase in poverty headcount. 

3. Data 

We base our analysis on a high quality household survey data. We use the Tanzania National Panel 

Survey (TZNPS) collected by the National Bureau of Tanzania as part of nationally representative 

living standard survey (WB’s LSMS-ISA). The extensive focus of the survey on agriculture offers a 

wealth of data. TZNPS include a range of data on 16,709 individuals from 3,265 households. We 

take households baseline characteristics and agricultural production data from the first 2008/2009 

wave. Since individuals from the first wave were followed in 2010/ 2011, with very low attrition 

level (93% of individual or 97% of households were tracked), we use the second wave survey in 

order to construct migration variable. 

For the purpose of our study, a migrant is any household member who moved to another village 

between the two waves of survey. We adopt the New Economics of Migration approach (Stark and 

Levhari, 1982; Lucas and Stark, 1985; Stark and Bloom, 1985; Katz and Stark, 1986) where migration 

is a collective and not an individual decision. Therefore, our unit of observation is a household, and 

our principal dependent variable is a dummy variable for household with at least one migrant. 

Alternatively, we also use a dummy for household having at least one migrant in working age. 

TZNPS provides a range of household characteristics which we use in our estimations (table 1): 

household size, highest level of education in the household, assets (total livestock units2), and also 

a detailed data on crop production we use in agricultural income equation: land area in ha, soil 

quality (elevation, slope). We use the data on distance to major road, or the distance to the district 

capital as a proxy of connectedness or cost of migration. The data on 2008/2009 income (total 

income and agricultural income) or value of crop and livestock production (all aggregates in 

                                                           
2 Based on conversion factors from Chilonda and Otte (2006) 
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Tanzanian shillings) come from the FAO Rural Income Generating Activities database. These data 

were computed based on the TZNPS. On average, agricultural activities combined (crop, livestock, 

and agricultural wage labor) amount to 70% of total income in our sample (Covarrubias et al., 

2012). Importantly, TZNPS covers the entire country and thus represents all types of agro-

ecological conditions.  

Since the TZNPS provides the GPS coordinates of the sample households3, we are able to assign the 

climatic data, aggregated at the village level, to each household. The climate data come from a 

high-resolution (0.5x0.5 degree) gridded dataset by the Climate Research Unit of the University of 

East Anglia (Harris et al., 2013). In this analysis, we focus on slow-onset climate changes rather than 

natural disasters. We test different available measures, but in principle our estimations are based 

on monthly mean temperature and precipitation data. Our preferred climatic variable is 

temperature and precipitation shock in 2008, one year prior to migration. We define a shock as a 

number of standard deviations above / below the 15-year mean. We apply this measure to 

seasonal data since on the premise of plant phenology it is more relevant for estimating the impact 

of climate variability on crop yields than annual data. Since Tanzania is characterised by both 

unimodal and bimodal rainfall patterns, we averaged seasonal patterns for both regimes, and 

following Ahmed et al. (2011) we take the data for January – June growing season. For sake of 

consistency, we also check the results using the data for long masika season (March – May), more 

pertinent for bimodal rainfalls.  

Because of extrapolation issues, we do not have climatic data for three enumeration areas. 

Similarly, lack of GPS coordinates for some villages in TZNPS made it impossible to match their 

climatic data. Finally, since we focus on households that are involved in any agricultural activity, 

our final sample consists of 2202 households.   

                                                           
3
 For confidentiality reason, these are the averages of household GPS coordinates in each enumeration area, to 

which a random offset within a specified range has been applied. Spatial queries using medium or low 

resolution datasets should be minimally affected by the offsets. 
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12.5% of households have at least one migrant, and in 94% of cases migrants are in working age. 

Migration appears to be mainly a female phenomenon, since about 60% of migrants are females. 

Even though female migration is often related to marriage, Rosenzweig and Stark (1989) showed 

that such context does not exclude the importance of environmental factors in migration decision. 

Interestingly, rural – urban migration and, particularly, migration out-of-agriculture, constitute a 

small proportion of moves (30% and 14% of migrants respectively), in line with findings by Findley 

(1994) and Henry (2004). In our dataset, we observe internal migration only. It should be noted, 

however, that this picture may be blurred by attrition between the two survey waves, since it is 

possible that there are international migrants among attritors. Finally, the distance travelled ranges 

from 5.2 km to 1065 km, with median 41.8 km and mean 123.7 km. In our baseline specification, we 

consider a migrant anybody who moved out of the village, however, we check our results by 

defining a migrant as an individual who moved a distance bigger than the median, in order to 

account for the objective of spatial diversification in terms of climatic conditions.  

Variable Definition Mean Std. Dev.

migr Migration, dummy (1=hh w ith at least one migrant) 0.125 0.331
migr15 Migration, dummy (1=hh w ith at least one migrant aged >14 & <65 ) 0.118 0.323
migr_fem Migration, dummy (1=hh w ith at least one female migrant) 0.096 0.294
tmp2008 Mean temperature in 2008 rainy season, degree C 23.378 2.384

tmpshock Temperature shock in 2008 rainy season, no of sd over 15 year mean 0.819 0.439
pre2008 Mean precipitation in 2008 rainy season, mm 108.064 28.992

preshock Precipitation shock in 2008 rainy season, no of sd over 15 year mean 0.464 0.334
totincome Total income (TZ shillings) 1078993.000 1839698.000
cropinc Crop income (TZ shillings) 193856.600 287228.900
off inc Off-agricultural income (TZ shillings) 700103.000 1684272.000
hhsize Household size 5.317 2.890
femhead Female head, dummy (1=female) 0.243 0.429
educhigh Highest education level (years) 6.390 3.463
credit Acces to credit 0.057 0.232
saccos SACCOS membership 0.052 0.222
distroad Distance to road (km) 20.919 23.923
distdistrict Distance to district capital (km) 31.216 45.414
migrexp Previous migration experience in hh 0.472 0.499
totarea Total area ow ned (ha) 5.513 16.739
TLU_cattle Total livestock unit: cattle 1.459 4.705
TLU_total Total livestock unit: all 1.784 5.050
fhh Farm specializer, dummy 0.459 0.498
fshh Subsistence agriculture, dummy 0.359 0.480
divhh Income diversif ication, dummy 0.307 0.461
N = 2202

Table 1. Variable definitions and statistics

migration

climate

income

hh 
characteristics
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Some important differences can be observed between households with and without migrants 

(table 2). In particular, households with migrants experienced a more pronounced precipitations 

shock in 2008. They are wealthier and have twice as much livestock units, which not only is a good 

wealth indicator, but also constitutes an important productive asset in Sub – Saharan Africa, and 

their consumption and income (total income, but also income from agriculture and off – 

agriculture) are higher on average. Similarly, households who have sent migrants are less 

financially constraint, since they have better access to credit and are more involved in informal 

assistance groups (SACCOS), even though these differences are not statistically significant. Also, 

the percentage of households involved in subsistence farming is smaller among migrant – sending 

ones. These differences may suggest that migration is costly, and that poor households cannot 

afford it. Finally, households that have sent their members away differ significantly along the lines 

of traditional migration drives: they are bigger, have lower dependency ratio, are better educated, 

and have more migration experience. 

4. Estimation and Results 

Our specification is motivated by the literature on the New Economics of Migration (Stark and 

Levhari, 1982; Lucas and Stark, 1985; Stark and Bloom, 1985; Katz and Stark, 1986). A central tenet 

of this approach is that families evolve economic strategies not only to maximize household 

hh w ithout migrants hh w ith migrants difference

tmpshock 0.826 0.774 0.0521

preshock 0.455 0.522 -0.0663*

totincome 1027921 1433718 -405796.9***

cropinc 188669.2 229886 -41216.7**

off inc 656505.3 1002917.9 -346412.6*

totcons 2188758.2 2935106.9 -746348.7***

hhsize 5.18 6.275 -1.096***

femhead 0.238 0.275 -0.0375

educhigh 6.263 7.264 -1.001***

credit 0.054 0.0797 -0.0257

saccos 0.0483 0.0761 -0.0278

distroad 20.89 21.08 -0.187

distdistrict 31.55 28.99 2.56

migrexp 0.458 0.569 -0.111***

totarea 5.474 5.78 -0.306

TLU_total 1.316 2.446 -1.129***

TLU_cattle 1.64 2.788 -1.148***

fhh 0.463 0.428 0.0357

fshh 0.369 0.293 0.0753**

divhh 0.307 0.312 -0.00486

N = 2202                

Table 2. Characteristics of households w ith migrants

climate

income

hh characteristics

* signif icant at 10% lev el ** signif icant at 5% lev el *** signif icant at 1% lev el
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earnings, as in the Harris Todaro model, but also to minimize risk. Our specification is employed in 

order to analyze how households respond agriculture income negative shock induced by a climatic 

shock. The main idea behind our model is that climate does not impact migration decision directly, 

for example through its amenity value or through household’s preferences for a given climatic 

setting; this is why climate variables do not appear directly in the migration equation. Instead, we 

propose that climate affects household’s members mobility through its impact on agricultural 

yields, i.e. temperature or precipitation shock decreases yields and as a consequence household’s 

income, which in turn induces household to send its member away. Therefore, we apply an IV 

probit model, where eq. (1) estimates the determinants of the household i in a village j sending at 

least one migrant M between 2008 and 2010: 

��� = ����	
�,�� , 
�� , ��� +	����																																				(1) 

where ��	
�,�� is the logarithm of crop production one year prior to migration, and the vector X 

refers to pre-migration household characteristics at the baseline (2008/2009), such as household 

size, gender of household head, the highest level of education, livestock assets, and landholdings. 

We include these variables to reflect initial endowments that influence the decision to send 

migrants and are uncorrelated with climate fluctuations.  �� denotes cost of migration, proxied by 

the distance from the village to a main road, or to a district capital. In order to account for the main 

mechanism in our model, but also to take into account the endogeneity in eq. (1), we instrument 

crop production with temperature and precipitation shock and other determinants of crop 

production as in eq. (2):  

��	
�,�� = ����� , ���, ����, ���, �ℎ����� +	����																			(2) 

where household’s agricultural income is determined as a function of climatic shock in a village j,  

and as a function of household i’s number of laborers ��� , land units ���, livestock units ����, and 

soil type ���. 



10 

 

 

First, we estimate the impact of climatic shock on crop production in order to confirm the feasibility 

of the IV probit model. We draw on previous studies that use climate variability (Fafchamps et al., 

1993; Rose, 2001; Rosenzweig and Stark, 1989; Rowhani et al., 2011). The results in table 3 suggest 

that a temperature shock decreases crop production, and this result is highly significant in 

statistical terms. On the other hand, the precipitation shock tested alone turns out insignificant. 

This may result from two issues. First of all, as explained by Rowhani et al. (2011), the CRU dataset  

overestimates rainfall in comparison to data obtained from meteorological stations by the 

Tanzanian Meteorological Agency, while temperature measures seem much more consistent. Also, 

rainfall patterns show much greater spatial heterogeneity than temperature, and such 

heterogeneity is not fully captured by the extrapolated data. Second, some recent works suggest 

that temperature variability is much more important factor for plant growth than precipitations 

(Schlenker, Hanneman, and Fischer, 2006). 

On the other hand, both temperature and precipitation shocks appears to be highly significant in 

statistical as well as in economic terms when tested together. This may suggest that some 

important interdependencies exist between the two types of shocks. Indeed, it seems that the 

effectiveness of rainfall depends on temperature, for example through evapotranspiration or the 

capacity of soil to retain water (Vicente – Serrano et al., 2011). In order to account for the fact that 

climatic data we use is aggregated at the village level, while our estimation is done at the 

household level, we test these results by correcting standard errors with cluster and Moulton 

correction options, but the estimates remain highly significant. Therefore, in our preferred 

specification, we use both temperature and precipitation shocks as main explanatory variables. 

 

 

OLS OLS OLS cluster moulton

(1) (2) (3) (4) (5)

totcropprod_lg   

hhlabor 0.104*** 0.110*** 0.111*** 0.111*** 0.111***

-5.94 -6.24 -6.31 -5.21 -5.88

totarea 0.00554*** 0.00579*** 0.00561*** 0.00561 0.00561* 

-3.47 -3.61 -3.53 -1.65 -3.15

TLU_cattle 0.0231*** 0.0284*** 0.0238*** 0.0238*** 0.0238***

-3.94 -4.88 -4.05 -4.04 -3.82

slope 0.0288*** 0.0281*** 0.0255*** 0.0255*** 0.0255***

-6.27 -6 -5.44 -3.83 -3.82

tmp_shock -0.276***                -0.418*** -0.418*** -0.418***

(-4.39)                (-5.48) (-3.66) (-3.63)   

pre_shock -0.0378 -0.340*** -0.340** -0.340**  

(-0.46)   (-3.43) (-2.27) (-2.27)   

_cons 12.37*** 12.14*** 12.65*** 12.65*** 12.65***

-154.68 -177.08 -111.72 -77.37 -73.38

N 1890 1890 1890 1890 1890

* signif icant at 10% level ** signif icant at 5% level *** signif icant at 1% level

t statistics in parentheses

Table 3. Crop production regression
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We present our main results in tables 4 and 5. Table 4 shows the coefficient of IV probit estimates 

which confirm the viability of the instrument. Table 5, instead, presents the marginal effects at 

means. Indeed, for the average household, a 1% decrease in crop production induced by a climatic 

shock increase the probability of migration by almost 3%. While this is an important effect in 

statistical terms, its magnitude is rather low, which can be explained by a culturally based 

(6)

migr

totcropprod_lg -0.294**

(-2.11)   

hhlabor 0.155***

-6.67

educhigh 0.0276**

-2.29

femhead 0.186

-1.89

TLU_cattle 0.0182**  

-2.55

migrexp 0.211** 

-2.89

_cons 1.884

-1.02

totcropprod_lg

hhlabor 0.0982***

-5.21

educhigh 0.00000446

0

femhead -0.216***

(-3.33)   

TLU_cattle -0.216***

(-3.33)   

migrexp 0.056

-1.01

slope 0.056

-1.01

totarea 0.00574***

-3.71

tmp_shock -0.403***

(-5.22)   

pre_shock -0.363***

(-3.77)   

_cons 12.70***

-105.07

athrho

_cons 0.394**

-2.08

lnsigma

_cons 0.150***

-9.19

N 1889
Instrumented:  totcropprod_lg
Instruments:

hhlabor educhigh femhead TLU_cattle 
migrexp slope landow n  tmpshock2008

Table 4. IVprobit coefficients

Wald test of  exogeneity (/athrho = 0): chi2(1) =     4.32 Prob > chi2 = 0.0376

* significant at 10% level ** signif icant at 5% level *** significant at 1% level
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reluctance toward migration in Tanzanian society, well described by Dercon et al. (2004) and 

Majule et al. (2011). 

 

The estimates in table 5 also confirm the importance of traditional migration drivers: bigger and 

better educated households, but also those households with previous migration experience are 

more prone to send their members away. The number of livestock units is an important 

determinant of migration, too. In particular, cattle is considered to be a wealth indicator in 

Tanzanian culture, therefore, these results suggest that richer households have a higher probability 

of migration.  

Finally, in order to test the validity of the main mechanism in our model, we estimate eq. (1) 

separately for household specialized in agriculture, i.e. for whom at least 70% of income is derived 

from agricultural activities, and those who have diversified income sources. The results in table 6 

confirm that such mechanism indeed works only for households dependent on agriculture, and 

therefore those which are highly vulnerable to weather shocks, while climatic shock does not seem 

to have any impact on diversified households. 

 

(7)

migr

totcropprod_lg -0.294**

(-2.11)   

hhlabor 0.155***

(-6.67)

educhigh 0.0276**

(-2.29)

femhead 0.186

(-1.89)

TLU_cattle 0.0182**  

(-2.55)

migrexp 0.211** 

(-2.89)

N 1889

Table 5. IVprobit marginal effects

* significant at 10% level ** signif icant at 5% level *** significant at 1% level

farm specilizers diversified

(8) (9)

migr

totcropprod_lg -0.472* -0.109

(-1.95)   (-0.53)   

hhlabor 0.0739*** 0.117** 

(-4.13) -3.29

educhigh 0.0286 0.0464** 

-1.73 -2.75

femhead 0.133 0.301*  

-1.07 -2.14

TLU_cattle 0.0194*  0.00455

-2.57 -0.3

migrexp 0.224*  0.217*  

-2.26 -2.02

N 965 924

* signif icant at 10% level ** signif icant at 5% level *** signif icant at 1% level

Table 6. IVprobit marginal effects: farm specialisers
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5. Robustness 

As a robustness check, we employ a set of estimations using alternative measures of dependent 

variable. In table 7, we present our estimates for eq. (1) with a dummy migration equal to one for 

households that have at least one migrant in working age (between 15 and 64 year old), in order to 

account for economic drivers of migration (such as employment opportunities).  Our previous 

results are confirmed also for this narrower definition of migrants. 

 

Also, we check these results for migrants who moved above the median distance (41 km), and our 

results remain stable also for this group of movers (results not reported here). 

Finally, we proceed in a similar manner with respect to main explanatory variable, i.e. we redefine 

our seasonal variables in two ways: first, we compute the temperature and precipitation shock over 

a longer 30 year mean; second, we compute the shock only for masika rainy season  (March to 

May).  

 

(10)

migr15

totcropprod_lg -0.316**  

(-2.25)   

hhlabor 0.164***

-7.06

educhigh 0.0229

-1.88

femhead 0.156

-1.57

TLU_cattle 0.0197** 

-2.78

migrexp 0.216** 

-2.91

N 1889

Table 7. IVprobit marginal effects: migrants >14 & < 65

* signif icant at 10% level ** signif icant at 5% level *** signif icant at 1% level

shock over 30 yr avg shock  masika

(11) (12)

migr

totcropprod_lg -0.298* -0.394**

(-1.81) (-2.98)

hhlabor 0.155*** 0.159***

-6.59 -7.24

educhigh 0.0279** 0.0255**

-2.29 -2.16

femhead 0.186 0.151

-1.82 -1.55

TLU_cattle 0.0184** 0.0206**

-2.48 -3.01

migrexp 0.210* 0.204**

-2.87 -2.86

N 1889 1889

Table 8. IVprobit marginal effects: different climate variables

* significant at 10% level ** significant at 5% level *** significant at 1% level
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Results reported in table 8 remain significant. In particular, marginal effect of a decrease in crop 

production induced by a climatic shock seems to be very pronounced for long rainy season 

(column 12). This may suggest that some differences exist between unimodal and bimodal rainfall 

areas, or between different agroecological zones, which is an issue to be explored in more detail in 

future. 

6. Conlcusion 

We investigate whether Tanzanian households respond to weather risk. We test an IV probit model 

where migration decision is determined by agricultural income instrumented with temperature 

and precipitation shocks. Our results suggest that climatic shocks have a significant negative 

impact on crop production.  As a consequence, a 1% reduction in agricultural income induced by 

weather shock increases the probability of migration by 3% for an average household. This number 

may be considered rather low in economic terms. What is more, such mechanism where climate 

variability affects household’s migration decision only through agricultural channel, is valid only for 

households whose income is highly dependent on agriculture, while the results are not significant 

for diversified livelihoods. 

Finally, whereas the impact of temperature shock is significant in any specification, the 

precipitation shock alone does not seem to be a significant determinant of crop production and 

consecutive human mobility. This may result from data issues, but may also be in line with recent 

literature on plant phenology suggesting that temperature variability is more important 

determinant of plant growth than precipitation. On the other hand, our results indicate that, when 

estimated together, both temperature and precipitation shocks exert strong pressure on 

households whose livelihoods are dependent on agriculture. 

 

 

 

 

 

  



15 

 

Bibliography 

Agrawala, S., A. Moehner, A. Hemp, M. van Aalst, S. Hitz, J. Smith, H. Meena, S.M. Mwakifwamba, T. 

Hyera and O. U. Mwaipopo (2003), “Development and climate change in Tanzania:focus on Mount 

Kilimanjaro”, OECD 

Ahmed, S.A., N.S. Diffenbaugh, T.W. Hertel, D.B. Lobell, N. Ramankutty, A.R. Rios, and P. Rowhani 

(2011). “Climate volatility and poverty vulnerability in Tanzania”, Global Environmental Change 

21(2011), pp. 46 – 55  

Alderman, H., and C.H. Paxson (1994). “Do the Poor insure? A Synthesis of the literature on Risk and 

consumption in Developing Countries” [in:] Economic in a Changing World, ed. By E.L. Bacha, vol. 

Development, Trade and the Environment, chap. 3, pp. 48 – 78.Macmillan, London 

Arndt, C., W. Farmer, K. Strzepek, and J. Thurlow (2012). “Climate Change, Agriculture and Food 

Security in Tanzania”, WB Policy Research Working Paper 6188, September 2012 

Badiani, R., and A. Safir (2008). “Coping with Aggregate Shocks: Temporary Migration and Other 

Labor Responses to Climatic Shocks in Rural India”, working paper November 2008, available at 

http://www.webmeets.com/files/papers/ESWC/2010/2531/Temporary%20Migration%20India%20

Badiani%20Safir.pdf [accessed on 02/11/2013] 

Barrios, S., L. Bertinelli, and E. Strobl (2006). “Climatic change and rural – urban migration: the case 

of Sub-Saharan Africa”, Journal of Urban Economics 60(2006), pp. 357 – 371  

Bhattacharya, H., and R. Innes (2008). “An Empirical Exploration of the Population – Environment 

Nexus in India”, American Journal of Agricultural Economics 90(4), pp. 883 – 901  

Binswanger, H.P., and M.R. Rosenzweig (1986). “Behavioural and material determinants of 

production relations in agriculture”, The Journal of Development Studies 22(3), pp. 503 – 539  

Black, R., D. Kniveton, and K.Schmidt-Verkerk (2011). “Migration and climate change: towards and 

integrated assessment of sensitivity”, Environment and Planning 43(2011), pp. 431 – 450  

Chang’a, L.B., P.Z. Yanda, and J. Ngana (2010). “Indigenous knowledge in seasonal rainfall 

prediction in Tanzania: A case of the South-western Highland of Tanzania”, Journal of Geography 

and Regional Planning 3(4), pp. 66 – 72  

Covarrubias, K., L. Nsiima, and A. Zezza (2012). “Livestock and livelihoods in rural Tanzania. A 

descriptive analysis of the 2009 National Panel Survey”, joint paper of the World Bank, FAO, AU-

IBAR, ILRI, and the Tanzania Ministry of Livestock and Fisheries Development, July 2012 

Cranfield, J.A.L., J.S. Eales, T.W. Hertel, and P.V. Preckel (2003). “Model selection when estimating 

and predicting consumer demands using international cross section data”, Empirical Economics 

28(2), pp. 353 – 364  

Curran, S.R., and E. Rivero-Fuentes (2003). “Engendering migrant Networks: The Case of Mexican 

Migration”, Demography 40(2), pp. 289 – 307  

de Pauw, E.  (1984).  “Soils, Physiography and Agroecological Zones of Tanzania”, CMEW Project, 

MALD, Dar es Salaam 

Dercon, S. (1996). “Risk, Crop Choice, and Savings: Evidence from Tanzania”, Economic Development 

and Cultural Change 44(3), pp. 485 – 513  

Dercon, S. (2000). “Income risk, coping strategies and safety nets”, Background Paper for World 

Development Report 2000/01, September 2000 

Deryng, D., W.J. Sacks, C.C. Barford, and N. Ramankutty (2011), “Simulating the effects of climate 

and agricultural management practices on global crop yield”, Global Biogeochemical Cycles 25(2) 

June 2011 



16 

 

Dillon, A., V. Mueller, and S. Salau (2011). “Migratory responses to Agricultural Risk in Northern 

Nigeria”, American Journal of Agricultural Economics 93(4), pp. 1048 – 1061  

Easterling, D.R.,  G.A. Meehl, C. Parmesan, S. A. Changnon, T. R. Karl, and L. O. Mearns (2000), 

“Climate Extremes: Observations, Modeling, and Impacts”, Science 289 (5487), pp.  2068-2074 

Ezra, M., and G.E. Kiros (2001). “Rural Out-Migration in the Drought Prone Areas of Ethiopia: A 

Multilevel Analysis”, International Migration Review 35(3), pp. 749 – 771  

Fafchamps, M., C. Udry, and K. Czukas (1998). “Drought and saving in West Africa: are livestock a 

buffer stock?”,  Journal of Development Economics 55(2), pp. 273 – 305  

FAO (2009). FAOSTAT Database. Food and Agriculture Organization: faostat.fao.org (accessed 

06.06.2013) 

Feng, S., A.B. Krueger, and M. Oppenheimer (2010). “Linkages among climate change, crop yields 

and Mexico–US cross-border migration”, Proceedings of the National Academy of Sciences, July 

2010 

Findley, S.E. (1994). “Does Drought Increase Migration? A Study of Migration from Rural Mali during 

the 1983 – 1985 Drought”, International Migration Review 28(3), pp. 539 – 553  

Gray, C. (2009). “Environment, Land, and Rural Out-migration in the Southern Ecuadorian Andes”, 

World Development 37(2), pp. 457-46 

Gray, C., E. Frankenberg, T. Gillespie, C. Sumantri, and D. Thomas (2009). “Population Displacement 

and Mobility in Sumatra after the Tsunami”, working paper, Princeton University 

Gray, C. and R. Bilsborrow (2010), “Environmental Influences on Migration in Rural Ecuador”, Paper 

for the 2010 Annual Meeting of the Population Association of America 

Gray, C. (2011). “Soil Quality and Human Migration in Kenya and Uganda”, Global Environmental 

Change 21(2), pp. 421 – 430  

Gray, C., and V. Mueller (2011). “Drought and Population Mobility in Rural Ethiopia”, World 

Development  40(1), pp. 134 – 145  

Gray, C., and V. Mueller (2012), “Natural disasters and population mobility in Bangladesh”, 

Proceedings of the National Academy of Sciences 109(16), pp. 6000 – 6005  

Halliday, T. (2006). “Migration, Risk, and Liquidity Constraints in El Salvador”, Economic Development 

and Cultural Change 54(4), pp 893 – 925 

Henry, S., b. Schoumaker, and C. Beauchemin (2004). “The Impact of Rainfall on the First Out-

Migration: A Multi-level Event-History analysis in Burkina Faso”, Population and Environment 25(5), 

pp. 423 – 460  

Hertel, T.W., and S.D. Rosch (2010). “Climate Change, Agriculture and Poverty”, WB Policy Research 

Working Paper 5468, November 2010 

Hulme, M., R. Doherty, T. Ngara, M. New, and D. Lister (2001), “African climate change: 1900-2100”, 

Climate Research 17, pp. 145 – 168 

IPCC, WGI (2007). “Climate Change 2007: The Physical Science Basis: contribution of Working Group 

I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change” [in:] IPCC 

Fourth Assessment Report, Geneva, Switzerland 

Kangalawe, R., S. Mwakalila, and P. Masolwa (2011). „Climate Change Impacts, Local Knowledge and 

Coping Strategies in the Great Ruaha River Catchment Area, Tanzania”, Natural Resources 2(2011), 

pp. 212 – 223  

Katz, E., and O. Stark (1986). “Labor Migration and Risk Aversion in Less Developed Countries”, 

Journal of Labor Economics 4(1), pp. 134-149 



17 

 

Kazianga, H., and C. Udry (2006). “Consumption smoothing? Livestock, insurance and drought in 

rural Burkina Faso”, Journal of Development Economics 79(2), pp. 413 – 446  

Kniveton, D., K. Schmidt-Verker, C. Smith, and R.Black (2008), Climate Change and Migration: 

Improving Methodologies to Estimate Flows. Unset. International Organization for Migration, Geneva. 

Kudamatsu, M., T. Persson, and D. Stromberg (2012), “Weather and infant mortality in Africa”, CEPR 

Discussion Paper No. 9222 . 

Lucas, R.E., and O. Stark (1985). “Motivations to Remit: Evidence from Botswana”, Journal of Political 

Economy 93(5), pp. 901-918 

Lyima, J.G., and R.Y.M. Kangalawe (2010). “Vulnerability and adaptive strategies to the impact of 

climate change and variability. The case of rural households in semi-arid Tanzania”, Environmental 

Economics 1(2), pp. 89 – 97  

Maddison, D. (2003). “The amenity value of climate: the household production function approach”, 

Resource and Energy Economics 25(2003), pp. 155 – 175  

Maliondo, S.M.S., E.J. Mpeta, and J. Olson (2012). “Climate change and food security in Tanzania: an 

analysis of current knowledge and research gaps and recommendations for a research agenda”, 

iAGRI Reference Background Paper, July 2012 

Marchiori, L., J.F. Maystadt, and I. Schumacher (2012). “The impact of weather anomalies on 

migration in sub-Saharan Africa”, Journal of Environmental Economics and Management 63(2012), 

pp. 355 – 374  

Mary, A.L., and A.E. Majule (2009). “Impacts of climate change, variability and adaptation strategies 

on agriculture in semi arid areas of Tanzania: The case of Manyoni District in Singida Region, 

Tanzania”, African Journal of Environmental Science and Technology 3(8), pp. 206 – 218  

Massey, D.S., W.G. Axinn, and D.J. Ghimire (2010). “Environmental Change and Out-Migration: 

Evidence from Nepal”, Population and Environment 32(2-3), pp. 109 – 136  

McLeman, R., and B. Smit (2006). “Migration as an Adaptation to Climate Change”, Climatic Change 

76(2006), pp. 31 – 53  

Meze-Hausken, E. (2000). “Migration caused by climate change: how vulnerable are people in 

dryland areas?”, Mitigation and Adaptation Strategies for Global Change 5(2000), pp. 379 – 406  

Mongi, H., A.E. Majule, and J.G. Lyimo (2010). “Vulnerability and adaptation of rain fed agriculture to 

climate change and variability in semi-arid Tanzania”, African Journal of Environmental Science and 

Technology 4(6), pp. 371 – 381  

Mora, C., A.G. Frazier, R.J. Longman, R.S. Dacks, M.M. Walton, E.J. Tong, J.J. Sanchez, L.R. Kaiser, Y.O. 

Stender, J.M. Anderson, C.m. Ambrosino, I.Fernandez-Silva, L.m. Giuseffi, and T.W. Giambelluca 

(2013). “The projected timing of climate departure from recent variability”, Nature 502 10 Oct 2013, 

pp. 183 – 195 

Morton, T. (2007), Ecology without nature: rethinking environmental aesthetics. Cambridge, MA: 

Harvard University Press 

Munshi, K. (2003). “Networks in the Modern Economy: Mexican Migrants in the U.S. Labor Market”, 

The Quarterly Journal of Economics 118(2), pp. 549 – 599  

Nordhaus, W. (1996). “Climate Amenities and Global Warming”, Mimeo Yale University 

Reardon, T., and J.E. Taylor (1996). “Agroclimatic shock, income inequality, and poverty: evidence 

from Burkina Faso”, World Development 24, pp. 901-914 

Rosenzweig, M.R., and O. Stark (1989). “Consumption Smoothing, Migration, and Marriage: 

Evidence from Rural India”, Journal of Political Economy 97(4), pp. 905 – 926  



18 

 

Rosenzweig, M., and H. P. Binswanger (1993). “Wealth, weather risk, and the composition and 

profitability of agricultural investments”, The Economic Journal 103(416), pp. 56 – 78  

Rowhani,P., D.B. Lobell, M. Lindermanc, and N. Ramankutty (2011), “Climate variability and crop 

production in Tanzania”, Agricultural and Forest Meteorology 151 (2011), pp. 449–460 

Schlenker, W. and D. B. Lobell (2010), “Robust negative impacts of climate change on African 

agriculture”, Environmental Research Letters 5 

Schlenker, W. and M. J. Roberts (2008), “Estimating the Impact of Climate Change on Crop Yields: 

The Importance of Nonlinear Temperature Effects”, NBER Working Papers 13799 

Schlenker, W., W.M. Hanemann, and A.C. Fisher (2006), “The Impact of Global Warming on U.S. 

Agriculture: An Econometric Analysis of Optimal Growing Conditions”, The Review of Economics and 

Statistics 88(1), pp. 113-125 

Stark, O., and D. Levhari (1982). “On Migration and Risk in LDCs”, Economic Development and 

Cultural Change 31(1), pp. 191 – 196  

Stark, O., and D. Bloom (1985). “The new economics of labor migration”, American Economic Review 

75, pp. 173 – 178  

Swai, O.W., J.S. Mbwambo, and F.T. Magayane (2012). “Perceived Effects of Climate Change on 

Agricultural Production: A Gendered Analysis Done in Bahi and Kondoa Districts, Dodoma Region, 

Tanzania”, Research on Humanities and Social Sciences 2(9), pp. 59 – 68  

Thurlow, J. and P. Wobst (2003), “Poverty-focused social accounting matrices for Tanzania” TMD 

discussion papers 112, International Food Policy Research Institute (IFPRI) 

Townsend, R. (1994), "Risk and Insurance in Village India", Econometrica 62(3), May 1994, pp. 539 – 

591.  

Vicente-Serrano, S.M., S. Beguería, and J. I. López-Moreno (2010), “A Multiscalar Drought Index 

Sensitive to Global Warming:  The Standardized Precipitation Evapotranspiration Index”, Journal of 

Climate 23(7), pp.1696-1718 

 



“Sur quoi la fondera-t-il l’économie du monde qu’il veut 
gouverner? Sera-ce sur le caprice de chaque particulier? 
Quelle confusion! Sera-ce sur la justice? Il l’ignore.” 

Pascal

Créée en 2003, la Fondation pour les études et recherches 
sur le développement international vise à favoriser 
la compréhension du développement économique 
international et des politiques qui l’influencent.

Contact
www.ferdi.fr
contact@ferdi.fr
+33 (0)4 73 17 75 30


