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[bookmark: _Toc158196669]Measurement details
To measure household exposure to different types of shocks, we rely on a special shock module in the TZNPS questionnaire. In this module, household heads or the most knowledgeable household member consider a list of 18 defined adverse events – plus a category for “other” – and report whether the household was negatively affected by them over the past five years. The defined events include a range of different types of shocks, including drought or flood events, crop disease or crop pests, loss of salaried employment or non-payment of salary, business failure, or health-related events.

We restricted to shocks that have occurred during or after the year 2000 (losing only 9 observations). In the analysis, we look at individual shocks as reported in the survey and break down into a categorization of non-environmental versus environmental. Table S1 shows the shocks that were reported and our categorization.
[bookmark: _Toc158196679]Table S1 - Measurement details: Categorization of reported shocks
	Environmental
	Non-environmental

	Climatic
Drought or floods (101), severe water shortage (109)
	Market economic
Household business failure, non-agricultural (104), loss of salaried employment or non-payment of salary (105), large rise in price of food (107), loss of land (110)

	Agricultural
Crop disease or crop pests (102), livestock died or were stolen (103), large fall in sale prices for crops (106), large rise in agricultural input prices (108
	Health
Chronic/severe illness or accident of household member (111), death of a member of household (112), death of other family member (113) 

	
	Socio-political
Break up of the household (114), jailed (115), Hijacking/robbery/burglary/assault (117)

	
	Other
Fire (116), dwelling damages, destroyed (118), other, not specified (119)




Wealth categories were constructed for all households based on self-reporting dwelling and living characteristics. The goal of these categories is to represent a broad indication of economic position. Together with our variables for type of occupation and household location, we consider this sufficient to broadly address socioeconomic status. Our criteria for categorization is adapted from the criteria used by the Demographic and Health Survey Program from USAID for the DHS Wealth Index (Rutstein, 2014; Rutstein & Johnson, 2004), collapsing variables for “unmeasured wealth” into broad indicators. We choose to consider unmeasured wealth over wage- or income-based categorization due to the prevalence of subsistence agriculture in the population. Table S2 shows the criteria for these categories.
[bookmark: _Toc158196680]Table S2 - Measurement Details: Criteria for constructed absolute wealth categories
	Wealth category
	Criteria

	Poor
	Reported main dwelling has dirt floors; no improved walls or roofing; no toilet

	Middle
	Reported main dwelling has dirt floors; burned brick walls and/or improved roofing (aluminum); pit latrine, pour flush, or similar

	Wealthiest
	Reported main dwelling has tile flooring and/or tile roofing; improved toiled (flush or ecosan)


[bookmark: _Toc158196670]Further information on procedures
The Tanzania National Panel Survey (TZNPS) panel used in this study is part of the World Bank Living Standards Measurement Study - Integrated Surveys on Agriculture (LSMS-ISA) set of nationally representative household surveys. Microdata is available for the four completed rounds of the TZNPS – NPS 2008/09 (R1), NPS 2010/11 (R2), NPS 2012/13 (R3), and NPS 2014/15 (R4). Three questionnaires – household, agricultural, and community – were administered in a single visit to the households in each wave, concurrent with data entry. These were followed by mobile tracking units to track households and individuals that had moved away from their original enumeration areas, and a second data entry was performed. 

We pooled the information from the three questionnaires into one dataset, and harmonized the pooled data by assigning individual as well as household identifiers to each household member. To do so, we separated out each household member as listed in the roster (reported by the household head/ respondent). This was necessary in order to include household- and community-level information for each individual household member, allowing us to consider a continuous variable (0-1) for the share (0-100%) of migrants in the household (see manuscript section 2.3) in addition to the binary variable of whether or not a household had any migrant (0/1). This is also interesting for our analysis because household size varies significantly by region, and in some areas, we may see out-migration is more severely affecting the population than if we look at whether a household has any migrant member or not.

We then pooled data for three rounds (R1-3), cleaning and harmonizing to have accurate, individual-level information for all participants. The individual and household identifiers were coded slightly differently in each wave, so we recoded in the course of the pooling. It was at this point we noticed the R4 identifiers could not be connected to the previous waves, and this was because a different sample was used. This was confirmed by the Tanzania NBS. The later rounds of the survey were therefore not used in this study, as the sample did not correspond to that used in the first three rounds and individuals could therefore not be tracked across time. 

Because we are using the baseline (2008/9) information as the basis of the analysis, at this step we exclude households from Y2 or Y3 for which we cannot identify the Y1 household. We were left with a total of 3,265 households at the baseline year for which we have complete roster and survey data. Our main results for migration and share of migrants are based on this. 

A limited number of individuals missing values relevant to the construction of our additional migration variables were excluded from the extended analyses. For example, if there is no information on district or region of birth, we cannot classify this person as a so-called “lifetime” migrant. 

Household makeup 

We have information for over 16,700 individuals at the baseline year (2008/9). We choose to aggregate information at the household level and focus on the household as the unit of analysis, in line with recent migration literature suggesting migration decisions are mediated at the household level. For the purposes of this study, we ignore sex characteristics and create summative variables for mean age, household dependency ratio (total non-working age members/ total working age members), total number of working age members, and total number of non-working age members, as well as a number of dummy variables representing household characteristics.

Because we are interested in household subsistence- and economically-motivated migration in rural areas, we create a variable for the number of working age migrants in a household, defined as people age 15 to 64 who migrated for any reason. Because we know household tasks are not restricted to working age members,[footnoteRef:1] we also include a variable for the total number of migrants in a household of any age and for any reason. [1:  The most recent Labor Force Survey (ILFS) for Tanzania (2006) suggests that nearly 1/3 of children aged 5–17 years were employed in economic activities, and half of children were engaged in households tasks.] 


Household location

The TZNPS includes information about the enumeration area in which the household is located (e.g. rural vs. urban, region, district, etc.) as categorized by the Tanzanian National Bureau of Statistics. Redistricting that occurred since the third round of the TZNPS does not affect our work. The NBS distinguishes between Dar es Salaam, the primary city, and “other urban areas and consider the region of Zanzibar separately from the mainland regions. 
[bookmark: _Toc158196681]Table S3 - Location of households in TZNPS
	Strata
	Freq.
	Percent

	Dar es Salaam
	555
	12

	Rest of urban
	480
	14.2

	Rural (all)
	1,751
	53.63

	Zanzibar
	479
	14.67

	Total
	3,265
	100




While there may be good reason to exclude Zanzibar or non-Dar es Salaam urban areas in further studies, we keep these households in our migration analysis. To do so, we subsume all urban areas together – including Dar es Salaam and parts of Zanzibar – and subsume all rural areas together to create a rural versus urban variable. Of the 3,265 households at the baseline year for which we have complete roster and survey data, the majority – 1,823 households – inhabit rural enumeration areas.

Many different definitions and types of migration are possible. We choose to separate split-off households that have not “migrated” away from the original household location, for example, if they moved within the same village. Because there are no survey questions specifically asking about migratory status, we look at the locations of the households by GPS and self-reported origin areas. Household GPS have been offset in the panel data by 10 kilometers for privacy reasons. We exclude people who moved less than 15 kilometers away from the baseline (2008/9) household from our definition of migration, and check this by looking at the name of the village of the baseline household. 

We are therefore able to identify individuals from split-off households that may have migrated (i.e., individuals migrated away to form a new household in the new location) and include the individuals in our analysis. Moreover, we track households that broke up in the origin area and re-formed in a new location by tracking two or more individuals that stayed together in a new location. Our approach represents an improvement over much of the existing body of quantitative literature, which might consider this a breakup of the household and exclude the split-off households from the sample. We conduct analyses focused on these instances of whole-household migration and do not find interesting results, likely due to the relatively low number.



[bookmark: _Toc158196671]Additional analyses and robustness checks
[bookmark: _Toc158196682]Table S4 - Robustness test: Broadening the time window for the measurement of the impacts of environmental and non-environmental shocks on migration
	
	Outcome variable: household member absent (0/1)

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Environmental shock in past 24 m
	0.00575**
	0.00802***
	0.00935***
	
	
	

	
	[0.003]
	[0.002]
	[0.003]
	
	
	

	Environmental shock in 25-48 m
	
	0.00503
	0.00633
	
	
	

	
	
	[0.003]
	[0.004]
	
	
	

	Env shock 24m x env shock in 25-48m
	
	
	-0.00075
	
	
	

	
	
	
	[0.001]
	
	
	

	Non-environmental shock in past 24 m
	
	
	
	-0.00033
	-0.00086
	-0.00117

	
	
	
	
	[0.002]
	[0.003]
	[0.003]

	Non-environmental shock in 25-48 m
	
	
	
	
	-0.00109
	-0.00139

	
	
	
	
	
	[0.003]
	[0.004]

	Non-env shock 24m x 
Non-env shock in 25-48m
	
	
	
	
	
	0.00011
[0.001]

	
	
	
	
	
	
	

	Constant
	0.14355**
	0.13176**
	0.12893**
	0.15868***
	0.16255***
	0.16358***
	

	
	[0.073]
	[0.061]
	[0.061]
	[0.060]
	[0.060]
	[0.062]
	

	Model controls for:
	
	
	
	
	
	
	

	Household fixed effects
	X
	X
	X
	X
	X
	X

	Year fixed effects
	X
	X
	X
	X
	X
	X

	Season/months fixed effects
	X
	X
	X
	X
	X
	X

	Shocks occurring in previous periods
	X
	X
	X
	X
	X
	X

	Observations
	8980
	8980
	8980
	8980
	8980
	8980

	AIC
	6224.006
	6222.176
	6223.701
	6230.006
	6231.696
	6233.656

	R² (within)
	0.02842
	0.02883
	0.02888
	0.02777
	0.0278
	0.02781

	R² (between)
	0.0032
	0.00199
	0.00191
	0.0041
	0.0051
	0.0051


Note: Coefficients displayed in cells with cluster robust standard errors in brackets. Standard errors are clustered at the village or community level (k=99 clusters). All models control for household, year, and season fixed effects. P-values: *<0.1, ** <0.05, *** <0.01.

[bookmark: _Toc158196683]Table S5 - Robustness test: Baseline models controlling for additional time-varying covariates (1-2) and considering the share of household members absent as main outcome (3-4)
	
	Outcome variables: 

	
	household member absent (0/1)
	% household members absent

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

	Environmental shock in 0-12m
	0.00820*
	
	0.00256*
	

	
	[0.004]
	
	[0.002]
	

	Environmental shock in 13-24m
	0.00531
	
	0.00149
	

	
	[0.003]
	
	[0.001]
	

	Environmental shock in 25-36m
	0.00583
	
	0.00133
	

	
	[0.004]
	
	[0.002]
	

	Environmental shock in 37-48m
	0.00099
	
	-0.00026
	

	
	[0.004]
	
	[0.002]
	

	Environmental shock in 49-60m
	-0.00086
	
	-0.00107
	

	
	[0.005]
	
	[0.002]
	

	Nonenvironmental shock in 0-12m
	
	-0.00048
	
	0.00055

	
	
	[0.004]
	
	[0.002]

	Nonenvironmental shock in 13-24m
	
	0.00148
	
	0.00114

	
	
	[0.003]
	
	[0.002]

	Nonenvironmental shock in 25-36m
	
	-0.00244
	
	-0.00045

	
	
	[0.003]
	
	[0.002]

	Nonenvironmental shock in 37-48m
	
	0.00384
	
	0.00294

	
	
	[0.005]
	
	[0.002]

	Nonenvironmental shock in 49-60m
	
	0.00317
	
	0.00037

	
	
	[0.004]
	
	[0.002]
	

	Time-varying covariates
	
	
	
	
	

	Household size
	0.04705***
	0.04745***
	
	
	

	
	[0.005]
	[0.005]
	
	
	

	Mean age of household
	-0.00067
	-0.00076
	
	
	

	
	[0.001]
	[0.001]
	
	
	

	Rural vs urban location
	-0.00483
	-0.00424
	
	
	

	
	[0.023]
	[0.023]
	
	
	

	% women in household
	-0.08209*
	-0.08330*
	
	
	

	
	[0.048]
	[0.048]
	
	
	

	% children/seniors in household
	-0.26410***
	-0.26276***
	
	
	

	
	[0.032]
	[0.032]
	
	
	

	Model controls for:
	
	
	
	
	

	Household fixed effects
	X
	X
	X
	X

	Year fixed effects
	X
	X
	X
	X

	Season/months fixed effects
	X
	X
	X
	X

	Shocks occurring in previous periods
	X
	X
	X
	X

	Observations
	8980
	8980
	8980
	8980

	AIC
	6049.527
	6052.747
	-7591.19
	-7591.58

	R² (within)
	0.04902
	0.04868
	0.02517
	0.02521

	R² (between)
	0.0644
	0.06632
	0.00533
	0.00267


Note: Coefficients displayed in cells with cluster robust standard errors in brackets. Standard errors are clustered at the village or community level (k=99 clusters). All models control for household, year, and season fixed effects. P-values: *<0.1, ** <0.05, *** <0.01.


[bookmark: _Toc158196684]Table S6 - Robustness test: Interaction models controlling for additional time-varying covariates
	
	Outcome variable: household member absent (0/1)

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	Impacts of any shocks in past 24m
	
	
	
	
	
	
	

	Urban household
	0.00072
	
	
	
	
	
	

	
	[0.003]
	
	
	
	
	
	

	Rural household
	0.00418*
	
	
	
	
	
	

	
	[0.002]
	
	
	
	
	
	

	Household without remote location	
	
	0.00203
	
	
	
	
	

	
	
	[0.002]
	
	
	
	
	

	Household with remote location
	
	0.00400*
	
	
	
	
	

	
	
	[0.002]
	
	
	
	
	

	Non-agricultural occupation
	
	
	0.00018
	
	
	
	

	
	
	
	[0.002]
	
	
	
	

	Agricultural occupation
	
	
	0.00563*
	
	
	
	

	
	
	
	[0.003]
	
	
	
	

	No alternative income available
	
	
	
	0.00484*
	
	

	
	
	
	
	[0.003]
	
	
	

	Alternative income available
	
	
	
	0.00018
	
	

	
	
	
	
	[0.002]
	
	
	

	Non-poor household
	
	
	
	
	0.00214
	
	

	
	
	
	
	
	[0.002]
	
	

	Poor household
	
	
	
	
	0.00481
	
	

	
	
	
	
	
	[0.003]
	
	

	No lifetime migrant in household
	
	
	
	
	
	0.00036
	

	
	
	
	
	
	
	[0.002]
	

	Lifetime migrant in household
	
	
	
	
	
	0.00476**
	

	
	
	
	
	
	
	[0.002]
	

	No children/seniors in household
	
	
	
	
	
	
	-0.0009

	
	
	
	
	
	
	
	[0.003]

	Children/seniors in household
	
	
	
	
	
	
	0.00356

	
	
	
	
	
	
	
	[0.002]

	Time-varying covariates
	
	
	
	
	
	
	

	Household size
	0.04721***
	0.04730***
	0.04714***
	0.04716***
	0.04726***
	0.04747***
	0.04724***

	
	[0.005]
	[0.005]
	[0.005]
	[0.005]
	[0.005]
	[0.005]
	[0.005]

	Mean age of household
	-0.00069
	-0.00072
	-0.00068
	-0.00069
	-0.00069
	-0.00069
	-0.00067

	
	[0.001]
	[0.001]
	[0.001]
	[0.001]
	[0.001]
	[0.001]
	[0.001]

	Rural vs urban location
	-0.00601
	-0.00419
	-0.00513
	-0.00517
	-0.00463
	-0.00397
	-0.00442

	
	[0.023]
	[0.023]
	[0.023]
	[0.023]
	[0.023]
	[0.023]
	[0.023]

	% women in household
	-0.08285*
	-0.08352*
	-0.08226*
	-0.08308*
	-0.08375*
	-0.08377*
	-0.08478*

	
	[0.048]
	[0.048]
	[0.048]
	[0.048]
	[0.048]
	[0.048]
	[0.048]

	% children/seniors in household
	-0.26304***
	-0.26237***
	-0.26324***
	-0.26374***
	-0.26239***
	-0.26184***
	-0.26647***

	
	[0.032]
	[0.032]
	[0.032]
	[0.033]
	[0.032]
	[0.032]
	[0.032]

	Model controls for:
	
	
	
	
	
	
	

	Household fixed effects
	X
	X
	X
	X
	X
	X
	X

	Year fixed effects
	X
	X
	X
	X
	X
	X
	X

	Season/months fixed effects
	X
	X
	X
	X
	X
	X
	X

	Shocks occurring in previous periods
	X
	X
	X
	X
	X
	X
	X

	Observations
	8980
	8980
	8980
	8980
	8980
	8980
	8980

	AIC
	6053.252
	6054.38
	6050.453
	6051.754
	6054.091
	6052.051
	6053.382

	R² (within)
	0.04863
	0.04851
	0.04892
	0.04879
	0.04854
	0.04875
	0.04861

	R² (between)
	0.06559
	0.06761
	0.06355
	0.06416
	0.06611
	0.06998
	0.06726

	[bookmark: _Hlk151987866]Note: Coefficients displayed in cells with cluster robust standard errors in brackets. Standard errors are clustered at the village or community level (k=99 clusters). All models control for household, year, and season fixed effects as well as for the occurrence of shocks in previous periods (25-36m, 37-48m, 49-60m). All interaction variables were measured in wave 1 of the survey and kept constant throughout all survey waves. Dependent household members are considered as children under 16 years or adults over 65 years of age (seniors). P-values: *<0.1, ** <0.05, *** <0.01.
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