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Abstract

Applying exploratory descriptive analysis and machine learning models to National Panel
Surveys comprising 10,832 households in 3,285 wards, and related climate change data, this
paper examines the extent to which access to credit moderates the relationship between
temperature variability and poverty across Tanzanian wards. It confirms the widely
acknowledged importance of financial inclusion in facilitating adaptation to climate change.
The findings show that access to credit reduced the importance of temperature variation in
affecting household poverty: access to credit shifted 6% of wards from either extremely
poor or intermediate-poor status to non-poor status. Moreover, it reduced the proportion of
extremely poor wards that were negatively affected by temperature variation from 61.3% to
40.7%, while the reduction for intermediate-poor wards was from 67.4% to 52.1% and that
for non-poor wards was from 52.8% to 48.4%. These findings are indicative of a change in
the direction of the relationship between temperature variation and poverty, from a negative
relationship to a positive one, and a shift from a significant relationship to an insignificant
one. Similarly, 27% of the 30 poorest wards across 30 regions were lifted from extremely
poor to intermediate-poor or non-poor status due to increased access to credit. Some of
these wards likewise saw a weakening of the temperature variation—poverty relationship.
Instances of wards being made poorer and of the relationship between temperature
variation and poverty changing from a positive to a negative one were also observed. This
may indicate situations where households’ access to credit came with stringent conditions,
where credit was misused, or where funds were invested in non-adaptation measures.
Based on these findings, it is highly recommended to adopt measures to increase financial
inclusion (affordable and quality access to credit, bundled with initiatives relating to savings,
insurance, and payment systems), coupled with initiatives to increase financial literacy and
climate change adaptation awareness, in order to reduce households’ vulnerability to
temperature variation.
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1 Background

Financial inclusion is widely acknowledged as an important tool for reducing households’
vulnerability to climate change. It is defined as the access to and usage of affordable
financial services (e.g. savings, credit, payment services, insurance) by people who were
initially excluded from those services. A number of financial institutions — banks, savings
and credit cooperative societies (SACCOS), rotating savings and credit associations
(ROSCAs), village community banks (VICOBAs), and mobile network operators (MNOs) -
bundle access to credit with either savings, insurance, or bank/mobile money accounts that
can be used for transactions or saving money. This justifies consideration of access to
credit as a partial indicator of financial inclusion. Following certain innovations and the
introduction of MNO money services, agency banking, and community groups, access to
credit in Tanzania increased from 25% to 31% during the 2013 to 2017 period (Finscope,
2017). As access to credit is considered to be a tool that can facilitate adaptation to and
mitigation of climate change (Burwood-Taylor et al., n.d.), development institutions (e.g. the
Green Climate Fund, the European Investment Bank, and the Global Climate Partnership
Fund) have provided affordable wholesale loans to commercial banks (e.g. CRDB Bank,
NMB, Kenya Commercial Bank) for on-lending to small businesses, fishers and farmers
(Lipper et al., 2022; Ishengoma, 2025). However, despite these developments, Tanzania still
lags behind in terms of its preparedness to deal with climate change, being 150th out of 191
in regard to preparedness, and rated as the 47" most highly vulnerable country) (World Bank,
2024).

As the negative effects of climate change on poverty, i.e. pushing households into poorer
states, are set to increase due to climate change (World Bank, 2024; Ahmed et al., 2011,
Rowhani, et al., 2011), it is crucial to establish if financial inclusion moderates the effect of
temperature variation on poverty. Understanding this can help to understand how financial
inclusion can contribute to the achievement of Sustainable Development Goals 1 and 2, the
Tanzania Development Vision 2050 target of having more than 95% of the population living
above the poverty line (United Republic of Tanzania, 2024), and the Zanzibar Development
Vision 2050 target of achieving 91.5% of the population being above the national basic
needs poverty rate (Revolutionary Government of Zanzibar, 2020).

Poverty is the condition in which individuals or households are unable to meet their basic
needs relating to food, shelter and related services (utilities), and health, so as to satisfy a
socially acceptable minimum standard of living given their limited resources and money
(Ramphoma, 2014). Climate change refers to variations in key variables (e.g. temperature-,
wind-, precipitation-, moisture-, humidity-mean and variations) over time (Paavola, 2008,
Alcamo et al., 2007). Climate change affects poverty through reducing agricultural
productivity and the yield from crops, reduced fish catches due to increased sea level
temperatures, and reduced output from livestock due to limited pastures, resulting in food
insecurity, reduced income, and a decline in households’ ability to meet their basic needs
(Kapapa et al., 2022; Mkonda and He, 2018; Rowhani et al., 2011; Ahmed and Khurshid,
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2011). Financial inclusion, and credit access in particular, can moderate the effect of
temperature variability on poverty through different channels: by providing credit that can be
used to purchase climate change adaptation and mitigation technologies; by providing
capital for engagement in sectors that are not sensitive to climate change and to
supplement income from climate change-sensitive sectors; and through the use of
insurance, savings, and payment services (for receiving money) bundled with credit access
to cover risk and smooth consumption (IPA, n.d., a; IPA, n.d., b; Burwood-Taylor et al., n.d.).

IPA (n.d., a); IPA (n.d., b), Burwood-Taylor (n.d.), World Bank (2020), Haile et al. (2018),
Aleksandrova et al. (n.d.), World Food Programme (WFP) (2023), and Costella et al. (2023)
argue for the need for financial services and social protection to boost climate risk
management and thus poverty reduction. In Kenya, households with access to credit
increased their take-up of rainwater harvesting tanks, which provided them with reliable and
convenient access to water and improved their productivity even during times of climate
change shocks (IPA, n.d., b). In models assessing the relationship between climate change
variables and poverty, Herrera et al. (2018) included households’ capital stock (e.g. savings
accounts, remittances, stock, machinery, households’ assets) and revealed that the capital
stock and remittances reduced poverty. However, this study did not show the moderation
effect of capital stock on the relationship between climate change variables and poverty.
Due to limited saving facilities in rural areas, some households tend to save in assets like
livestock and land, which are sometimes used to smooth consumption in times of shock
(see Haile et al., 2018). However, IPA (n.d., a) argues that money saving facilities are better
in smoothing consumption during times of climate change shocks than these household
assets, which may be negatively affected by climate change.

Despite the acknowledged importance of financial inclusion in facilitating climate change
adaptation measures, empirical evidence showing the extent to which access to credit, as a
partial indicator of financial inclusion, moderates the relationship between temperature
variability and poverty across Tanzanian wards is scant. This paper fills this knowledge gap
by applying exploratory descriptive analysis (EDA) - i.e. geographically weighted regression
(GWR) models) and machine learning models (the Global Random Forest (Global RF) and
the Geographical Random Forest (GRF)) — to National Panel Surveys (NPS) comprising
10,832 households in 3,644 wards. It makes three major contributions: first, it shows that
the incorporation of access to credit in the models reduces the importance of climate
change variables (temperature variation in particular) in affecting poverty across wards;
second, it confirms the importance of credit access in pushing wards (including the poorest)
out of poverty, which could be associated with the use of credit to execute climate change
adaptation measures; and third, it further shows the possibility of access to credit driving
the poorest into an even poorer state.

The rest of the paper is organised as follows. The next section presents the theoretical
foundation and previous empirical evidence regarding the relationship between climate
change and poverty, and the possible presence of the moderation effect of financial
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inclusion on the relationship between climate change and poverty. It then presents the
research methodology. Thereafter, it presents and discusses the findings. The final section
concludes and sets out the implications of the findings.
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2 Theory and empirical evidence

Extant literature has reported the influence of climate change on poverty, which takes place
through different mechanisms, including reducing outputs and income from households’
activities that are sensitive to climate change, and destroying households’ assets during
climate change events. In line with the first mechanism, Haile et al. (2018) and World Bank
(2020, 2024) argue that prolonged high temperatures or heat result in drought, while wet
spells can degrade soil nutrients. Both constrain productivity and thus reduce crop harvests,
leading to increased poverty among rural people, who make up the majority of the
population in less developed countries including Tanzania. Some empirical studies support
these observations, revealing that rising seas surface temperatures reduce fish catches
(Kapapa et al., 2022), and that decreased rainfall and excessive increases in temperature
and temperature variation reduce yield in maize, rice sorghum among farmers in Tanzania
(Mkonda and He, 2018; Rowhani et al., 2011; Ahmed and Khurshid, 2011). Empirical results
aligned with the second mechanism referred to above reveal that high temperatures and
prolonged drought, as well as heavy rainfall, destroy public infrastructure and household
assets, and displace people, hence driving them into a poorer state (Mikova and Makupa,
2014; World Bank, 2024).

Empirical evidence associating climate change with poverty shows mixed findings, including
both insignificant relationships and significant negative and significant positive
relationships. The evidence supports the case for facilitating adaptation measures among
households experiencing insignificant and positive relationships between climate change
and poverty (e.g. where temperature variation is positively associated with households’
consumption) (Ishengoma and Msuya, 2025; Kira, 2021; and Mbwambo et al., 2022). These
arguments are supported by IPA (n.d., a) and IPA (n.d., b) Burwood-Taylor et al (n.d.), and
IFAD (2022), who have also observed that insignificant and positive relationships are
associated with households’ engagement in climate change adaptation measures, such as
the use of technologies that are resilient to or that reduce climate change effects, the
application of crop-livestock and intercropping systems, planting trees for shade, and the
diversification of investment in assets for the generation of multiple sources of income, and
stabilise consumption. Engagements in climate change adaptation activities may require
households to use affordable financial services (IPA, n.d., b; Burwood-Taylor et al., n.d.;
Lipper et al., 2022) - credit in particular.

In Tanzania, access to credit, which is a partial indicator of financial inclusion, is in most
cases bundled with other financial services offered by financial institutions. For example,
clients accessing loans from banks are required to have a bank account, and use the
account for making transactions, receiving and sending money, and maintaining savings.
Similarly, borrowers from SACCOS are required to save a certain minimum amount for a
specified time/frequency (e.g. on a monthly basis) and to have savings equivalent to one-
third of the loan amounts they are applying for. Again, those borrowing from VICOBAs must
be members of the VICOBA, save with the VICOBA though the purchase of at least a

© Data & Evidence to End Extreme Poverty 4



THE MODERATION EFFECT OF FINANCIAL INCLUSION ON THE RELATIONSHIP BETWEEN TEMPERATURE VARIABILITY AND
POVERTY IN TANZANIA

specified number of shares, and access loans proportional to their savings. Furthermore,
loans from banks are sometimes insured, while loans from MNOs are assessed based on
the borrowers’ use of mobile money to make transactions and save. The channels through
which the usage of credit/loans — which in most cases are bundled with access to and
usage of a bank account, savings, insurance, and payment systems - are likely to moderate
the relationship between climate change and poverty include enabling households to use
savings or loans to smooth consumption during times of shocks; the use of loans to
purchase technologies that facilitate adaptation to climate change, or to start and to grow
non-agricultural income-generating activities; access to payment systems to facilitate
immediate cash transfer or remittances; and the use of insurance to cover climate change-
related risks (WFP, 2023; IPA, n.d., a; Burwood-Taylor et al., n.d.; Aleksandrova et al., n.d;
Hammill et al., 2008).

Access to loans may enable households to purchase and use climate-resistant inputs —
such as hybrid seeds, irrigation technologies, and post-harvest technologies that increase
products’ shelf life — and so increase their resilience in the face of climate-related shocks
(IPA, n.d., a; Burwood-Taylor et al., n.d.). In Kenya, researchers found that asset-collateralised
loans increased the take-up of rainwater harvesting tanks, which helped provide dairy
farmers with reliable and convenient access to water and improved their productivity (IPA,
n.d., b). Through access to loans and savings facilities, households are able to start non-
farm income-generating activities which are less sensitive to climate change and thus
complement their income from farming (WFP, 2023). Indeed, World Bank (2020) reports that
households whose heads were engaged in non-farm activities were less likely to be poor.

Savings and access to loans are likely to smooth low income earners’ consumption when
they face reduced income due to climate change, and thus reduce their vulnerability to
climate change (Hammill et al., 2008; IPA, n.d., a; Burwood-Taylor et al, n.d.). As an
alternative to saving with financial institutions, some households save durable assets like
crops, livestock, and land. In Uganda, households with a higher number of livestock and a
greater land area experienced a marginal weaker effect of climate change on their
consumption as they were able to smooth their consumption by, among other things, selling
their livestock (Haile et al., 2018). However, IPA (n.d., a) views savings in assets (land and
livestock) as vulnerable to climate change and argues for formal savings as a more effective
tool for smoothing consumption during climate change shocks. In Bangladesh, some
microfinance institutions (MFIs) facilitate contractual savings by their clients, which they
can withdraw to smooth their consumption during climate shocks (Hammill et al., 2008).

Households accessing micro-insurance may reduce their climate risk vulnerability through
receiving compensation when they face poor harvests due to weather changes, preventing
them selling their productive assets and enabling them to recover more quickly (WFP, 2023).
At the same time, farmers’ confidence that weather-related risks will be covered by weather
insurance can increase their farm-related investments, which increases their productivity
and income (IPA, n.d., a).
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Apart from the ex-post climate change adaptation measures which households may
undertake to reduce their vulnerability to climate change, financial inclusion (i.e. access to
credit, savings, and micro-insurance) may facilitate households to apply ex-ante climate
change adaptation measures. These include accumulating assets (financial and physical)
and diversifying sources of income to prevent households from depleting their income for
consumption and depleting their assets to reduce their vulnerability (Hammill et al., 2008).

Despite the positive contributions provided by financial inclusion (i.e. access to credit, which
is in most cases bundled with other financial services, such as savings, micro-insurance),
loans may make households more vulnerable to climate change and thus poorer than they
would be without loans (Hammill et al., 2008). This could be the case if the loan terms are
unfavourable and/or loans are ineffectively used in productive activities, leading households
to default on their loan repayments, trapping them in debt, or causing them to sell or lose
their assets to enable loan repayment (Hammill et al., 2008). Conventional loans or grants
are considered better options for poor and vulnerable households than microcredits.

Social safety nets, in the form of cash transfers (and remittances) to poor households, are
considered to not only smooth households’ expenditure but also to contribute to their start-
up capital, the use of farm inputs to increase productivity, and savings/assets accumulation,
which may be used for income generation. World Bank (2020) reveals that direct cash
transfers to poorer and vulnerable households in Tanzania enabled them to increase their
monthly consumption by 20% and reduce poverty by 10%; beneficiaries were also 18.6%
more likely to own or raise livestock as assets; 38% more likely to use agricultural inputs that
increased productivity, and to increase their self-employment in non-farm enterprises in
trade. World Bank (2020) also indicates that the Tanzanian national safety net programme
facilitated the establishment of MFls to serve the poor with savings and loans, thus
including them in the financial system, as one of the options for reducing poverty. When low
income earners are financially included, they are able to save and to access loans and
micro-insurance.

In Tanzania, the provision of financial services has been increasing over time. During the
period 2013 to 2017, the share of the adult population with access to financial services from
savings and credit groups (e.g. VICOBA), SACCOS, other MFIs (micro-lenders, money
lenders), and commercial banks increased from 34% to 42%, those with access to mobile
money services increased from 50% to 60%, while those which received credit from these
institutions increased from 25% to 31% (Finscope, 2017). While the majority of the
population still had no access to credit, financial services were unequally distributed among
regions and within regions (urban versus rural) (Finscope, 2017). Lack of access to credit
inhibits poor people’s ability to diversify their sources of income or to engage in non-farm
activities (Katega and Lifuliro, 2014). The poor who are without access to financial services
are thus likely to be more vulnerable to climate change variation. Credit from some MFls
(e.g. moneylenders and micro-lenders), though considered easier to get than other forms of
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credit, is sometime costly (Finscope, 2017). These sources of credit might push households
further into poverty, instead of uplifting them.

Most VICOBAs have a saving component whose purpose is to cover or reduce vulnerability
related to disasters/shocks which might be encountered by their members. Saving for this
purpose is mandatory for all members. It is possible that climate change shocks are also
covered by such saving components. Based on the reviewed literature, this paper therefore
assumes that financial inclusion, access to credit in particular, is likely to moderate the
relationship between temperature variation and poverty.

© Data & Evidence to End Extreme Poverty 7
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3 Methodology

3.1 Data

The paper utilises the Tanzania NPS waves 1 (2008-2009), 2 (2010-2011), 3 (2012-2013),
and 4 (2014-2015). Wave 5 (2020-2021) was excluded because the tool used to collect
data was different from that used in the other four waves The four waves provided data for
estimating the household poverty indicator. We obtained the NPS data from the website of
the Tanzania National Bureau of Statistics (NBS), and we also obtained the coordinates of,
and the key identification numbers of, households from the NBS. The data obtained were
cleaned to remove repetitions of observations and observations with missing values on
target variables. The total number of observations used in the analysis included 10,832
households in 3,285 wards from 30 regions of Tanzania.

In line with Brzezinska and Jasper (2023), the paper further, utilises remote sensing climate
change data for surface air (two metres above sea level) temperatures, precipitation,
humidity, and soil moisture for each of the coordinates in Tanzania. These data come from
the Reanalysis Fifth Generation (ERAS5) global climate dataset for 1979 to 2015. The data
were extracted from the website of the European Centre for Medium Range Weather
Forecast (ECMWF).

The geospatial vector data (Tanzania-shapefiles) collected from NBS were used to map all
3,285 wards. Each ward’s geometry coordinates facilitated the merging of the climate
change dataset and the NPS data, as the two datasets also comprised coordinates for each
of the households. A ward was classified as poor if its predicted poverty was less than 0.6.
Temperature variation scored highest in regard to importance in affecting poverty. Thus
further analysis focused on 2,686 wards whose poverty indicator had a significant
relationship with temperature variability.

Although household poverty and credit access data from the four waves (1-4) are still
useful, the utilisation of more recent poverty and credit access data would have provided
even more insightful results as studies on climate change show that that during the period
2016 to 2019 some parts of the country experienced both the warmest and coldest
temperatures since 1958 (e.g. Moshi and Mbeya, respectively), and because there has been
an increase in temperature anomalies over time across different areas (United Republic of
Tanzania, 2021). Financial inclusion has also been increasing over time. Other climate
change variables_apart from temperature, such as rainfall patterns and trends, have also
varied. Rainfall variation is expected to increase over time (Future Climate for Africa, 2017).

3.2 Measurement of variables

Access to credit was measured as the total amount of credit which the household received.
Poverty was captured by two variables: i) per capita consumption, measured as the total
monthly monetary value (in Tanzania shillings (TZS)) of expenditure for an adult equivalent
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(i.e. monthly real monetary expenditure for the household divided by the adult equivalent); ii)
dummy poverty, measured as dummy one if the daily per capita expenditure is at least the
international poverty line of USS 1.9 (an average of TZS 94,000 per month for all aggregated
waves), and zero if below that; and iii) poverty clustered into three categories — not poor, if
the daily per capita expenditure is at least the international poverty line of USS 1.9,
intermediate-poor if the daily per capita expenditure is below USS 1.9 (TZS 94,000 per
month) and above the per capita national poverty line of TZS 49,500 per month, and extreme
poor if expenditure is below TZS 49,500 per month. The monthly international per capita
poverty line was established by multiplying USS 1.9 by 30 (i.e. USS 57), which was changed
to TZS using the Bank of Tanzania data on the average monthly exchange rate for each of
the panel years. USS 1 was equivalent to TZS 1,313.29 in 2008/09, to TZS 1,566.66 in
2010/11,to TZS 1,578.57 in 2012/2013, and to TZS 2,148.52in 2014/2015. The
international monthly per capita poverty lines were TZS 75,000, TZS 89,000, TZS 90,000, and
TZS 122,000 for the respective years/periods. The average international poverty line for the
four waves was TZS 94,000. The three-category categorisation facilitates better target policy
interventions and is in line with the perspective of the World Bank (2020).

We measured the variability of each of the climate change variables as follows. First, we
estimated the monthly range (e.g. maximum temperature minus minimum temperature for
each month (Jan to Dec) for each year covered by the NPS (2008-2009, 2010-2011, 2012-
2013, and 2014-2015)). Second, we estimated the yearly mean of the monthly range (i.e. we
summed the monthly range for each of the NPS years then divided by 12). Third, we
established the yearly average for the whole NPS period, i.e. sum the yearly mean for years
of the NPS waves and divide by the number of years in NPS waves. Fourth, following the
same approach, we estimated the monthly range of climate change variables and
established yearly means for the years from 1979 to 2015 (the latter being the year NPS
wave 4 ended). These estimates were used as the control variables of the climate change
variables for each of the wave. Fourth, to estimate temperature variations in 2008-20009,
2010-2011,2012-2013, and 2014-2015, we took the year mean of the monthly range for
2008-2009, 2010-2011, 2012-2013, and 2014-2015, minus the yearly mean of the monthly
range for the periods 1979-2009, 1979-2011, 1979-2013, and 1979-2015, respectively.
We did this for all three remaining climate change variables. This approach is slightly similar
to that of Brzezinska and Jasper (2023). It is based on the argument that there are expected
seasonal variations which are normal (indicated by estimates for 1979 to 2015). Where the
target (NPS) year variations go beyond the normal ones this means there are changes in
absolute terms (i.e. climate change).

3.3 Spatial aggregation of household data and statistics at ward, regional, and
national levels

The NPS dataset and the climate change datasets were merged to create a household-level
dataset. This dataset was utilised at all levels of the analysis to generate the results, which
were then transformed to obtain ward-level, regional, and national results. The analysis
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progressed through three distinct stages: moving from raw household data to a spatially
explicit ward-level dataset and related statistics, and finally to national or/and regional
modelling. To create a ward-level dataset suitable for spatial analysis, household-level data
variables — poverty indicators and predictions, financial inclusion and its interactions with
climate change variables, and climate change variables — were aggregated to their
respective ward centroids by using inverse distance weighting (IDW) instead of simple mean
statistics. IDW is not only preferred in geospatial analysis but also eliminates outliers (Li and
Heap, 2011). It generates an unknown point and estimates its value by averaging the values
of known points, with closer points having a greater influence. It assumes that households
in locations near to the reference (unknown) location/point are likely to have characteristics
similar to the reference point, and thus assign them more weight than those far from the
reference point. The value of the reference point/location was estimated as follows. First,
we estimated the distance (d;) between the unknown (reference) point (x,) and each of the
known points (x;). We calculated the weight (w;) for each of the known points as w; =

1/d;"? whereby B is the power parameter, typically 1 or 2. We used 2 because the number
of observations is high; we standardised weight for each ward (i.e. w;-standardised =

w; /3w, [i=1,2,3,..n]; i stands for the data for household 1 in a ward and nth is data for
household n) so that the sum of all the weight is equal to one (1). We then estimated the
weighted value (wv;) for each known point (x;) by multiplying the w;-standardised with the
known value (v;) at point (x;), i.e. wy; = v; * w;-standardised; then we summed the weighted
the weighted value for all the known data points (i.e. Y7 ; wv; * v;) to get the data for the
unknown point.

3.4 Model selection and evaluation

This paper employs a multi-model approach to analyse the extent to which access to credit
moderates the relationship between climate change (temperature variation in particular) and
poverty. It utilises Global RF, GRF, and GWR, following Santos et al.'s (2019) approach.
Global RF was selected due to its robustness in handling non-linear relationships and high-
dimensional data, which allows it to provide insights into feature importance and provides
predictive accuracy (see Pradhan and Agrawal, 2025). GRF was used to extend this analysis
by explicitly modelling heterogeneity in treatment effects, allowing for the identification of
context-specific access to credit and climate impacts across subgroups or locations
(Georganos et al., 2021). The application of GWR complemented these methods by
incorporating spatial non-stationarity, revealing how credit access-climate-poverty
relationships vary geographically (McMillen, 2004). The GRF and GWR models and related
results were generated at ward level as the values of variables (poverty, financial inclusion
and interaction terms) at regional level included outliers (Ishengoma and Msuya, 2025),
which may bias the results.
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3.4.1 Global RF

The Global RF model initially demonstrated strong predictive performance, with accuracy of
95% and Receiver Operating Characteristic - Area Under Curve (ROC-AUC) scores 0.95.
However, distribution classes (poor and non-poor wards) revealed underlying data
imbalance issues, indicating potential model bias towards the minority class (Figure 1). This
discrepancy between high overall accuracy and distribution classes highlights the danger of
relying solely on conventional metrics without assessing probabilistic calibration,
particularly when dealing with imbalanced poverty classification tasks where minority class
is also critical for policy-relevant insights.

Figure 1: Distribution of poor wards and non-poor wards
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Global RF model interpretation via partial dependence

To interpret the global behaviour of our trained Global RF model, we examined partial
dependence plots (PDPs) for each of the climate change variables and their interactions
with credit access. Figure 2 and Annex A show that the relationship between temperature
variation and predicted poverty level is negative, implying that an increase in temperature
variation drives wards into poorer states. This finding aligns with existing domain knowledge
(Dell et al., 2012), providing face validity for our model's learned patterns. Figure 2 further
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shows that the results might not generalise to all wards as there are signs of decreases in
poverty as temperature variation increases.

Figure 2: PDPs showing the relationship between climate change variables and predicted poverty
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The slope of the graph before the inclusion of financial inclusion in the model (Panel 1) is
steeper than the one after the inclusion of financial inclusion in the model (Panel 2),
indicating a weakening of the coefficient of temperature variation. The minimum predicted
poverty after financial inclusion is about 0.14, while before financial inclusion is included it is
below 0.12, suggesting that there is an upward shift in predicted per capita consumption.
Temperature variation-credit access interaction and the poverty indicator are negatively
correlated although the slope of the downward shift of poverty when temperature variation-
credit access increases is lower than that of temperature variation alone. Thus, the inclusion
of access to credit in the Global RF model reduces the influence of temperature variation on
poverty. The results further show that financial inclusion and the poverty indicator are
positively correlated, meaning that an increase in credit access drives wards (households)
out of poverty. Annex A shows the results for other climate change-credit access interaction
variables.

3.42 GRF

Results from the GRF model before incorporating credit access in the model reveal that
9,376 (86.56%) households were considered poor (i.e. they were below the daily per capita

© Data & Evidence to End Extreme Poverty 12



THE MODERATION EFFECT OF FINANCIAL INCLUSION ON THE RELATIONSHIP BETWEEN TEMPERATURE VARIABILITY AND
POVERTY IN TANZANIA

international poverty line of USS 1.9), and 1,456 (13.44%) were not poor. After incorporating
credit access, the results reveal that the number of households classified as poor decreases
t0 9,066 (83.69%) while those classified as not poor increases to 1,766 (16.30%) confirming
the role of financial inclusion (access to credit) in uplifting the poor from poverty. To
address the imbalances in classification in the original dataset, the GRF integrated Synthetic
Minority Over-sampling Technique (SMOTE) and coordinate-weighted distance metrics,
following Koldasbayeva et al. (2023). SMOTE generated 6,209 synthetic households that
were used to train the model in order to balance class distribution, ensuring a robust
representation of both poverty and non-poverty cases. The GRF model achieved positive
performance metrics, with accuracy of 94.91%, precision of 83.83%, recall of 86.87%, an F1
score of 85.87%, and a ROC-AUC of 98.15%.

Post-processing predictions indicated 4,963 poverty cases (extreme poverty and
intermediate poverty) and 5,898 non-poverty cases, demonstrating the model’s capacity to
effectively identify both classes while accounting for spatial heterogeneity. These results
mitigate imbalance-driven bias and enhance predictive reliability for mapping poverty and
climate importance.

Figure 3: Results obtained after SMOTE resampling
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Mathematically, SMOTE generates an artificial point, x;**" , according to the equation below.

new __ nearest
X = x+ (o — x| ) *

Where x; is a minority data point, its nearest neighbour of the same class is x/***"¢, and
«a; is an independent and identically distributed number uniformly distributed on [poor wards,
non-poor wards]
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GRF model interpretation via climate change variables and financial inclusion
importance

Results from the Global RF analysis (Annex B) indicate that temperature variation is the
most critical climate factor predicting poverty, having the highest importance score
(0.3194). After incorporating access to credit and its interactions with climate change
variables in the model, temperature variation is still ranked first, scoring 0.1413 in terms of
its importance in influencing poverty (Figure 4), followed by temperature variation-credit
access interaction (0.1201), and soil moisture variation-credit access interaction. Access to
credit (financial inclusion) comes fifth, after humidity variation. Humidity and precipitation
variation interactions with access to credit are less impactful (0.0823 and 0.0803,
respectively), suggesting financial inclusion provides a protective effect against temperature
and soil moisture-related climate risks, which are critical for agricultural livelihoods and
poverty vulnerability.

Figure 4: Climate change importance in affecting poverty
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3.43 GWR

The GWR model expresses poverty (P, measured as per capita consumption) as a function
of climate change variables (X,;), whereby c = 1 for temperature variation, 2 for humidity
variation, 3 for precipitation variation, and 4 soil moisture variation for the household at
locationi (' =1, 2,3, ... 10,832) with coordinates (u; v;). Equation 1 is before the inclusion of
the moderation variable (financial inclusion). In Equation 2, the GWR model incorporates the
interaction of financial inclusion (FI;, measured as credit access) and temperature variation
(X1;) at location ‘i’ of the household (‘i = 1, 2, 3, ... 10,832) with coordinates (u; v;). Financial

inclusion and its interaction with other climate change variables has a high multicollinearity
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challenge (Annex C.1) and was excluded from the model (Equation 2). The terms, p; _sstand
for coefficients of the respective variables to be estimated, while X0 and e stand for a
constant and an error, respectively. The results are generated at ward level.

Pi = XO(ui'vi_) +

c

Be(uivy). Xei + € (1]

4
=1

4

Py = X0(uv;) + Z Be(uivi)-Xei + Bs(uivy). Fli. X1; + ¢ (2]

c=1
Table 1 presents the results for Equation 2, while the results for Equation 1 are presented in
Annex C.2. Table 1 indicates that the GWR model demonstrates good predictive
performance, explaining 14.9% of the spatial variation in the data. However, the use of 600
bandwidth stabilises the coefficients of the independent variables, which is the case for the
results in Equation 1 (Annex C.2), as the gap between Akaike Information Criterion (AIC) and
AIC corrected (AICc) is small, i.e. 13 (29531.635 - 29518.293).

Table 1: GWR evaluation results for Equation 2

Spatial kernel: Adaptive bisquare
Bandwidth used: 600.000
Residual sum of squares: 9214.708
Effective number of parameters (trace(S)): 263.992
Degree of freedom (n - trace(S)): 10568.008
Sigma estimate: 0.934
Log-likelihood: -14494.154
AIC: 29518.293
AlCc: 29531.635
BIC: 31450.157
R2: 0.149
Adjusted R2: 0.128
Adj. alpha (95%): 0.001
Adj. critical t value (95%): 3.255
Variable Mean STD Min Median Max

X0 0.047 0.102 -0.303 0.039 0.519
X1 0.705 1.102 -0.036 0.020 5.341

X2 -0.185 0.062 -0.352 -0.186 0.117
X3 -0.052 0.117 -0.475 -0.043 0.349
X4 -0.097 0.114 -0.412 -0.096 0.235
X5 0.121 0.124 -0.372 0.145 0.658

Note: X0 is intercept, X1 is temperature variation, X2 is humidity variation, X3 is precipitation variation, X4 is soil
moisture variation, and X5 is the interaction variable between temperature variation and financial inclusion
(credit access).
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Further analysis integrates GWR and GRF to link the coefficients of independent variables
and their importance scores in regard to affecting poverty. This hybrid approach transforms
the model from a purely descriptive tool into a powerful, predictive framework (Grekousis et
al., 2022). It leverages the spatial detail of GWR while using GRF's robustness to produce
reliable, generalisable, and actionable results — turning a statistically fragile model into a
trustworthy solution for predicting poverty patterns.

The regression results were obtained by integrating GWR and GRF to create a
comprehensive spatial analysis of the factors influencing poverty (Neumann et al., n.d.). This
hybrid approach leveraged the unique strengths of each model: GWR provided precise,
location-specific coefficients and p-values to identify where relationships were statistically
significant (Paez et al., 2011), while GRF quantified the relative importance of each variable,
revealing which factors were the most powerful drivers of the outcome at any given location
(see Lietal., 2010).

The analysis moved beyond simply identifying where temperature variation was significant.
It specifically isolated areas where the GWR model showed an insignificant relationship (p-
value > 0.05) and consulted the GRF importance scores to interpret this result. In these
locations, a high GRF importance score for temperature revealed a critical insight — that
temperature was still a key predictive factor, but its relationship with poverty was complex,
non-linear, and likely involved interactions with other variables which a linear model could
not capture.
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4  Empirical results

4.1 Relationship between temperature variability and predicted poverty: a
global picture

Table 2 provides a global summary of the results generated from the integrated GWR and
GRF models before and after the inclusion of the moderating variable, financial inclusion (i.e.
access to credit). The results of the GWR model assessment before the inclusion of access
to credit show that 8.9% of wards whose poverty is significantly associated with climate
change had R? values of at least 0.7.. After the inclusion of access to credit, 70.6% of wards
had R? values of at least 0.7. This suggests that the inclusion of access to credit in the
model strengthened the power of the model in explaining poverty, an indicative of the
presence of a moderation effect of access to credit on temperature variation-poverty
relationship.

Table 2: Global summary of GRF and GWR results

Before

Ward-level aggregated analysis

1: Temperature coefficient significance: 2: Ward level: Poverty, importance, and local R
Total wards analysed: 3285 Non-poor wards (>0.6): 581 (25.6%)
Significant (p < 0.05): 2270 Intermediate poor wards: 433 (19.1%)
% significant: 69.1% Extreme poor wards (<0.3): 1256 (55.3%)
1.1: Significance level breakdown: Wards temp imp > 0.32: 580 (25.6%)
p-value range Wards temp imp =< 0.32: 1690 (74.4%)
p=0.001 1738 Coefficient sign by ward poverty category:
0.001 <p=0.01 280 Temp coef (+), extreme poor: 486
0.01<p=<0.05 252 Temp coef (-), extreme poor: 770  (61.3%)
p>0.05 1015 Temp coef (+), interm. poor: 141
Temp coef (-), interm. poor: 292 (67.4%)
Temp coef (+), non-poor: 274
Temp coef (-), non-poor: 307 (52.8%)
Wards local R? = 70%: 202  (8.9%)
Non-poor wards: 19 (9.4%)
Intermediate poor wards: 44 (21.8%)
Extreme poor wards: 139 (68.8%)
After

Ward-level analysis: Comprehensive report

1: Ward-level temperature coefficient 2: Ward-level poverty, importance, coefficients,
significance: and local R%:

Total wards analysed: 3285 Non-poor wards (>0.6): 608 (31.5%)
Significant wards (p < 0.05): 1932 g‘t:)fmed'ate poorwards (0.3- 5, (19 49)
% significant wards: 58.8% Extreme poor wards (<0.3): 950 (49.2%)
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Temp imp > Avg (0.12): 800 (41.4%)
1.1: Significance level breakdown: Temp imp < Avg (0.12): 1132 (58.6%)
p-value range Wards
p <0.001 1312 Coefficient sign by ward poverty category:
0.001 <p <0.01 18 Coef (+), Extreme poor wards: 563
0.01<p=<0.05 305 Coef (-), Extreme poor wards: 387 (40.7%)
p>0.05 1353 Coef (+), Interm. poor wards: 179
Coef (-), Interm. poor wards: 195 (52.1%)
Coef (+), Non-poor wards: 314
Coef (-), Non-poor wards: 294 (48.4%)
Wards with local R? > 70%: 1364 (70.6%)
I Non-poor wards: 486 (35.6%)
— Interm. poor wards: 218 (16.0%)
L— Extreme poor wards: 660 (48.4%)

The number of wards which are significantly affected by temperature variation decreased
from 69.1% to 58.8%. The results further indicate that the percentage of non-poor wards
which have a significant poverty-temperature variation relationship increased from 25.6% to
31.5%, while the percentage of intermediate-poor wards which have a significant poverty-
temperature variation relationship increased from 19.1% to 19.4%, while the percentage of
extremely poor wards which have a significant poverty-temperature variation relationship
declined from 55.3% to 49.2%. Extremely poor wards which were negatively affected by
temperature variation decreased from 61.3% to 40.7%, , intermediate-poor wards so affected
decreased from 67.4% to 52.1%, and non-poor wards so affected decreased 52.8% to 48.4%.
These results further show that access to credit seems to push households from a poor to a
better state, enabling them to adapt to temperate variation.

4.2 Analysis of moderation effects of financial inclusion in poorest wards
across regions

4.2.1 Access to credit

The 30 poorest wards, i.e. one per region, were selected for further analysis to establish if
access to credit moderated the relationship between poverty and temperature variation. The
analysis started by establishing if the wards had access to credit. The results regarding
whether households in these wards received credit, and the amount received, varied across
wards. Some wards demonstrated a higher average amount while others had no access to
credit. The latter included Kasansa (Katavi region), Msanga (Pwani), Chalangwa (Mbeya),
and Muze (Rukwa), indicating severe financial exclusion in these wards (Figure 5). The
results show the varying possibilities for households in different wards to undertake
measures to adapt to climate change due to their different levels of access to credit.
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Figure 5: Financial inclusion (access to credit) by wards across 30 regions
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4.2.2 Wards' temperature variation importance before and after the inclusion of
financial inclusion in models

Figure 6 indicates the importance of temperature variation in affecting poverty before and
after access to credit is included in the models, across the 30 wards. The results reveal that
90% of the wards experienced a decline in temperature variation importance after financial
inclusion was included, though the extent of decline varied across wards. Three wards
(Kisansa, Dongo, and Nyaluhande) experienced an increase in temperature variation
importance. These wards had limited access to credit. Furthermore, wards with very low
financial inclusion (below TZS 10,000) showed a modest (42.3%) reduction in temperature
importance, while those with high financial inclusion (above TZS 200,000) demonstrated a
more robust (67.2%) moderating effect. This pattern suggests that to a large extent there
seems to be a negative correlation between levels of access to credit and temperature
variation importance. Temperature variation importance could be reduced as an increase in
access to credit enables households to better cope with temperature-related shocks through
various climate change adaptation mechanisms. The variation in the magnitude of changes
in temperature variation importance by wards after including credit access may also be
associated with wards’ different endowments in respect of economic opportunities, market
access, and infrastructure development, which can pave the way for easier and more
effective engagement in adaptation measures and non-agricultural activities (see World
Bank, 2020).
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Figure 6: Temperature variation importance before and after including financial inclusion
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4.2.3 Moderation effects of financial inclusion

The results on the moderation effect of financial inclusion on the relationship between
temperature variation and poverty level reveal important patterns. Several wards
demonstrated significant poverty reduction, with the most notable shift from extreme poor
to non-poor seen in Zingwe Zingwe (Kaskazini Unguja), Mabula (Morogoro), and Nambambo
(Lindi), which were driven up from predicted poverty levels of 0.0126 to 0.621, 0.013 to
0.6718, and 0.0124 to 0.6024, respectively (Figure 7 and Figure 8, Annex D). Compared to
the former, the latter two wards had higher levels of access to credit (Figure 5). Furthermore,
an additional five wards (Chanjaani [Kusini Penba], Nyaluhande [Simiyu], Nanganga [Mtwara],
Majengo [Kilimanjaro], and Mbalamaziwa [Iringa]) also experienced a shift from extremely
poor to intermediate-poor status. These results align with the proposition in the literature
(IPA, n.d., a; IPA, n.d., b; Burwood-Taylor et al., n.d.) that access to credit plays a role in
facilitating households to adapt to climate change and move out of poverty. The magnitude
of the importance of access to credit in reducing the effect of temperature variation on
poverty seems diverse across wards (Figure 8, Annex D).
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Figure 7: Predicted poverty before and after including financial inclusion
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Figure 8: Temperature variation importance and predicted poverty by wards
Panel 1: Before inclusion of credit access
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Panel 2: After inclusion of access to credit
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Figure 7 and Figure 8 further show that seven wards, of which three (Kasansa, Muze, and
Chalangwa) had no access to credit, and four (Msisi, Rudi, Dongo, and Kagu) had
insignificant access, saw zero or a very limited reduction of poverty and thus stayed in the
same category of extremely poor. This finding could be explained by the limited financial
capacity to facilitate households’ engagement in climate change adaptation measures when
they have limited external financial support like access to credit (IPA, n.d., b; Hammill et al.,
2008; Burwood-Taylor et al., n.d.).

Three wards (Kipangani, Mchangani [Kusini Unguja], and Orgosorok) became poorer after
including access to credit in the models (Figure 9). Despite having significant access to
credit, Mchangani (Mjini Magharibi), Matamba, and Nanga did not move out of extreme
poverty. Factors which could explain these findings include households’ limited knowledge
on how to effectively use credit to execute climate change adaptation measures.
Households in these wards might have continued to invest more in climate-sensitive
sectors/crops instead of diversifying their funding towards non-climate-sensitive sectors;
they might have not undertaken any adaptation measure because of a lack of knowledge;
they might have received meagre credit and thus have been unable to make any productive
investment or adaptation measure; and they might have faced stringent credit terms which
eroded their income and wealth through credit repayments, as argued by Hammill et al.
(2008). It is also possible that the credit accessed was directed to other uses that were
neither related to smoothing consumption nor adaptation measures.

The data utilised for this paper lacked variables (use of loans/credit, terms of credit,
households’ awareness about climate change adaptation measures) that might influence
the moderation effect of access to credit on the relationship between temperature variation
and poverty. This points to the need for future empirical studies considering these variables
in addition to credit access, climate change variables, and poverty.
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Figure 9: Change in predicted poverty
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The findings further suggest that the effectiveness of financial inclusion (access to credit in
particular) in moderating the effect of climate change on poverty will depend on other
factors, including the capacity of households to use the credit for appropriate adaptation
measures; and contextual factors specific to each region or ward. For example, in locations
where there are economic opportunities, households may use the credit to diversify their
sources of income (World Bank, 2020). The presence of economic infrastructure and public
services (e.g. agricultural extension services) to build the capacity of households for
effective adaptation measures is also very important. Therefore, successful cases should be
studied to identify replicable strategies, while wards showing negative outcomes despite
high financial inclusion require further investigation.

Six out of eight wards which experienced a shift from extreme poverty to intermediate or
non-poor status after considering access to credit experienced a decline in their temperature
variation importance scores (Figure 8). Apart from the reduction of temperature variation
importance, coupled with uplifting of households from extreme poverty to intermediate or
non-poor status, the incorporation of financial inclusion (credit access) weakened the
coefficients of temperature variation in some wards (12 out of 30) and strengthened them in
others (four out of 30) (Figure 10 and Figure 11). In 14 out of 30 wards, the coefficient of
temperature variation remained the same. 70% of the wards had positive coefficients of
credit access-temperature variation interaction, of which 16 (76%) experienced an
improvement in consumption per capita, hence poverty reduction. These wards might have
had access to credit on better terms, coupled with other financial inclusion instruments -
savings, micro-insurance, and payment systems to facilitate remittances, which are all
effective in facilitating households’ adaptation to climate change, as observed by Hammill et
al. (2008), IPA (n.d., a), IPA (n.d., b), Burwood-Taylor et al. (n.d.), and WFP (2023). Four wards
(Orgosorok, Kagu, Temeke, and Manga) out of nine wards which had negative coefficients of
credit access-temperature variation interaction remained extremely poor. These are wards in
which, despite having access to credit, households might have failed to undertake climate
change adaptation measures.

© Data & Evidence to End Extreme Poverty 23



THE MODERATION EFFECT OF FINANCIAL INCLUSION ON THE RELATIONSHIP BETWEEN TEMPERATURE VARIABILITY AND

POVERTY IN TANZANIA

Figure 10: Wards’ predicted poverty, coefficients of temperature variations, and interaction term

between financial inclusion (credit access) and temperature variation
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Figure 11: Geographical distribution of temperature variation importance and regression results
after including access to credit
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5 Conclusion and implications

The paper has examined the extent to which access to credit moderates the relationship
between temperature variability and poverty across Tanzanian wards. It has applied
machine learning models (Global RF and GRF) and EDA (GWR) to poverty and credit access
data for 10,832 households in 3,285 from the NPS (2008-2015) and climate change data
from NBS and ECMWF, respectively. Global RF results show that the incorporation of access
to credit in the model reduced the scores for the importance of temperature variation in
affecting poverty. Partial dependence analysis further shows that the relationship between
temperature variation and poverty, though still negative, was weakened when access to
credit was included (i.e. changing from a steeper to a less steep slope). The positive
relationship between access to credit and poverty revealed in the results indicates that
credit access improves households’ consumption.

The GRF results revealed that after access to credit was included in the models, the number
of households classified as poor decreased while those classified as poor increased,
indicating that credit access pushed some households from a poor to a non-poor state. The
results further revealed that most of the wards, including the poorest ones, experienced a
decline in the temperature importance score but the magnitude of the decline varied across
wards, indicating that the moderation effect of access to credit is not similar in all wards.
This dissimilar moderation effect of credit access is not only associated with the diverse
levels of financial inclusion among wards but also with disparities in economic
opportunities, market access, and infrastructure development, leading to diversity in the
effectiveness of access to credit (see World Bank, 2020).

The analysis integrating GRF and GWR models revealed that about 6% of wards shifted from
a poor (extreme and intermediate) state to a non-poor state. The extremely poor,
intermediate-poor, and non-poor wards which were negatively affected by temperature
variation decreased from 61.3% to 40.7, 67.4% to 52.1%, and 52.8% to 48.4%, respectively.
Further analysis on the 30 poorest wards across regions revealed that 27% of them were
uplifted from extremely poor to either intermediate- or non-poor after including access to
credit in the models. The results suggest that access to credit, as argued by previous
studies, facilitated some households to engage in climate change adaptation measures,
including through the diversification of sources of income, such as non-agricultural activities
(Katega and Lifuliro, 2014), the use of technologies (e.g. relating to seeds and water
storage) to adapt to climate change (IPA, n.d., b; Burwood-Taylor et al. n.d.), and planting
trees for shade (Mbwambo et al., 2022).

However, 10% of wards were made poorer than before, while some experienced a change in
their temperature variation coefficient from positive to negative, suggesting the possibility
that credit access made the poor more vulnerable to temperature variation and led to them
becoming poorer than they would otherwise have been. These findings are aligned with the
arguments by Hammill et al. (2008) on the possibility of households being trapped in debt,
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selling or losing their assets for loan repayment, and thus becoming poorer, which could
happen if they accessed expensive/stringent loans. Such loans exist in Tanzania (Finscope,
2017). Additionally, households might lack knowledge on the best way (including adaptation
measures) to use credit and/or may have misused credit. Future empirical studies
considering variables related to the nature of credit and its use, credit terms, and
households’ awareness about climate change adaptation measures are required to
complement findings in this paper.

The findings support the need for continued enhancement of financial inclusion (in
particular, an increase in the amount of credit accessed, bundled with savings, insurance,
and payment systems) for households across wards, including the poorest wards, to
facilitate households to adapt to climate change. Access to credit should not only be
affordable and of a good quality but should also be coupled with financial literacy training
and initiatives to raise awareness about adaptation measures, to ensure credit is used
effectively.

Although the analysis in the paper utilises NPS data from 2008 to 2015, the results are still
valid and useful. This is because Tanzania has continued to experience rises in temperature
and precipitation variation even after 2015 (United Republic of Tanzania, 2021; Future
Climate for Africa, 2017). Financial inclusion has also continued to improve. The extent to
which credit access currently moderates the relationship between temperature variation and
poverty might not differ significantly from the reported results as Tanzania is still considered
to be poorly prepared to deal with climate change (World Bank, 2024). However, given
growing awareness about climate change effects and adaptation measures, future research
utilising more recent poverty and financial inclusion data might provide further insights and
could complement this paper.
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Annex A Partial dependence analysis

A.1 Partial dependence before financial inclusion was included in the model
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A.2 Partial dependence after financial inclusion was included in the model
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Partial Dependence: Climate-Financial Inclusion Interactions
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Annex B Importance of climate change in
affecting poverty before financial

inclusion

Average Feature Importance Across All Locations
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Source: Ishengoma and Msuya (2025).
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Annex C Model diagnostics

C.1  Multicollinearity test

VIF results

Variable VIF
0 Temperature_Variation 1.038669
1 Temperature_Variation_Finance_Interaction 4.446476
2 Humidity_Variation 1.744148
3 Soil_Moisture_Variation_Finance_Interaction inf
4 Financial_Inclusion 53.501445
5 Soil_Moisture_Variation 1.756932
6 Precipitation_Variation 1.063769
7 Humidity_Variation_Finance_Interaction 25.339036
8 Precipitation_Variation_Finance_Interaction inf

VIF Interpretation:

- VIF < 5: Low multicollinearity
- VIF 5-10: Moderate multicollinearity
- VIF > 10: High multicollinearity (consider removing variable)

C.2 GWR evaluation results for Equation 1

Spatial kernel: Adaptive bisquare
Bandwidth used: 601.000
Residual sum of squares: 4868.658
Effective number of parameters (trace(S)): 193.095
Degree of freedom (n - trace(S)): 10139.905
Sigma estimate: 0.693
Log-likelihood: -10773.975
AlC: 21936.138
AlCc: 21943.609
BIC: 23341.984
R2: 0.529
Adjusted R2: 0.520
Adj. alpha (95%): 0.001
Adj. critical t value (95%): 3.218
Variable Mean STD Min Median Max

X0 -0.005 0.468 -0.788 -0.142 2.638

X1 -0.029 0.372 -2.541 -0.041 1.495

X2 0.133 0.502 -0.775 0.068 4.179

5
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X3 -0.179 0.476 -3.351 -0.048 0.683
X4 -0.221 0.600 -2.731 -0.107 1.902

Note: The terms X0, X1, X2, X3, and X4 stand for intercept, temperature variation, humidity variation, precipitation
variation, and soil moisture variation, respectively.

Source: Ishengoma and Msuya (2025).
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Annex D Ward-level poverty changes with
financial inclusion

Financial inclusion model summary

Total wards analysed 30
Wards with decreased poverty 27
Wards with increased poverty 3
Percentage with decreased poverty 90.00%

Of the 27 wards that experienced a decrease in poverty, the tables below list the five with the
largest decrease in poverty and the five with the smallest decrease in poverty.

Five wards with largest poverty decreases

Region Ward Pov_Before Pov_After it;\sat:ll:';e I:E::g:?%
Morogoro Kibogwa 0.0166 0.6718 0.6552 3946.99
Kaskazini Unguja Zingwe Zingwe 0.0126 0.6210 0.6084 4828.57
Lindi Nambambo 0.0124 0.6024 0.5900 4758.06
Simiyu Malili 0.0124 0.5514 0.5390 4346.77
Mtwara Nanganga 0.0146 0.3625 0.3479 2382.88

Five wards with smallest poverty decreases

Region Ward Pov_Before Pov_After I-::::;I;Le I::;Tg::?g;
Manyara Haydom 0.0166 0.0184 0.0018 10.84
Ruvuma Mpandangino 0.0126 0.0150 0.0024 19.05
Dodoma Rudi 0.0156 0.0192 0.0036 23.08
Njombe Matamba 0.0170 0.0216 0.0046 27.06
Katavi Kasansa 0.0154 0.0204 0.0050 32.47
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