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Abstract

Background: There is ample evidence that climate change-related shocks are negatively affecting agricultural
productivity and resilience in Uganda. However, the extent of uptake of mitigative measures, including
Climate Smart Agricultural (CSA) Technologies and Soil and Land Management (SLM) practices and their
impact on crop productivity and resilience, are not well understood.

Objective: We investigated the extent of adoption of CSA technologies and SLM practices and their effect on
crop productivity and resilience. We also examined whether these effects varied between small and large
farm holders. In light of our findings, we propose technological and policy options to promote increased and
sustained application of these technologies and practices in Uganda.

Methodology: We undertook an extensive documentation review and analyzed relevant nationally
representative data sets generated by the Uganda Bureau of Statistics (UBOS), including the Annual
Agriculture Surveys (AAS) and the Uganda National Panel Survey (UNPS) among others that are conducted
by UBOS. Choosing a few selected crop enterprises, we used regression analysis to model the effect of
selected CSA technologies and SLM practices on the key outcome variables of agricultural productivity and
resilience. We also, present the results from the IEc climate change impact model on crop productivity
and we synthesize the results to inform us of our proposed technological and policy options to enhance
productivity and resilience.

Results: Our findings confirm increased occurrence and damage from climate change-related shocks.
Extrapolating from several nationally representative survey data, Ugandan households face several shocks,
but the survey data analysis shows that climatic shocks are more reported than economic shocks by
Ugandan households at both community level and household level. Among climatic shocks, the survey data
trend analysis has shown that floods are becoming more prevalent than drought in the recent past.

Of the communities surveyed by the Uganda Harmonized and Integrated Survey Programme (UHIS),
84 percent reported increased occurrence of floods between 2015 and 2022. Our analysis has shown that
floods reduce the maize yield by 18 percent (285 kg/ha), and banana yield by 51 percent (1425 kg/ha).
The impacts on cassava, although negative, were not significant. Drought, on the other hand, reduces maize
yields by 10 percent (115 kg/ha) and increases banana yields by 22 percent (711 kg/ha). Pest and disease
reduced bean yields by 13 percent (110 kg/ha) while the effect of pest and disease on the productivity of
other crops, although negative, was not significant. Our analysis reveals that, compared to annual crops,
perennial crops like cassava and bananas are less affected by climate shocks.

Whereas the productivity of both small farms and large farms is significantly negatively affected by climatic
shocks, disaggregated analysis shows that small farms are more disproportionately affected than large
farms by both floods and droughts. The analysis further shows that health shocks are also on the rise among
agricultural households in Uganda, and these should also be given attention, as they can generate negative
ripple effects on agricultural production and further worsen poverty levels amidst climatic shocks.

The key drivers of adoption of CSA technologies and SLM practices are plot size/land size holding (good proxy
for household wealth), land tenure security, access to credit, and livestock ownership. The results suggest
a strong association between adoption of CSA and SLM practices and household wealth. We quantitatively
demonstrated that the negative impacts of climate shocks on crop productivity are less severe with adoption
of CSA technologies and SLM practices. Among other results, we show that in the presence of climate shocks,
the mitigative effects of SLM practices on agriculture production range between 2-3 percent. Fertilizers
are less effective in boosting crop productivity under climatic shocks unless complemented with irrigation
and SLM adoption. Climatic shocks not only reduce crop productivity, but they also worsen crop production
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variability, leading to higher crop yield instability of 2 percent. This finding suggests that while increasing
average yields under climate change is important, investments are also required to ensure yield stability.
SLM practices, fertilizer use, and irrigation appear effective in reducing yield variability amidst climatic
shocks leading to an increase in crop yield stability by 28 percent, 9 percent, and 6 percent respectively.

Policy options: We recommend a “technical-policy” package comprising the promotion of perennial crop-
based production systems; soil health enhancement; tenure security enhancement; mechanization;
irrigation; strengthened agro-input, extension and early warning systems; mixed farming; and support to
value addition and export promotion to mitigate the negative effects of climate change shocks on productivity
and resilience.
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Introduction

Agriculture is a critical sector for sustainable development and poverty reduction in developing countries. By
investing in agricultural systems, improving farming practices, and supporting smallholders, countries can
foster economic growth, improve food security, and enhance the overall quality of life for their populations
(FAO 2018). In Uganda, agriculture accounts for approximately 24 percent of GDP, 35 percent of its export
earnings, and 68 percent of the labor force. Food and seasonal crops that are often vulnerable to climate
shocks contribute 11.4 percent to Uganda’s GDP, while plantation/cash crops that are less vulnerable to
climate shocks contribute 2.8 percent. Livestock and fish contribute 4 percent and 2 percent respectively
to GDP (Figure 1). In terms of contribution to agricultural GDP, the food sector contributes about 47 percent
to Uganda’s agricultural GDP while livestock, fish, and cash crops contribute 17 percent, 8 percent, and
12 percent respectively.

Figure 1: Contribution of Different Agricultural Subsectors to GDP in Uganda
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Source: Uganda Bureau of Statistics.

The crop sector not only provides food and income for millions of Ugandans but also serves as a key driver
of economic growth and development through exports and income generation. As indicated in Figure 2,
Uganda’s food crop exports have been dominated by maize and maize-based products, although the exports
of these commodities have recently slowed down because of increased incidence of climate shocks (drought
and dry spells) and increased domestic demand. On the import side, rice remains the main import food
commodity. Rice imports have been steadily growing from a low of less than 100 Metric Tonnes (MT) in 2009
to a peak of 500 MT in 2021. Rice imports have remained relatively high and the increase in rice imports
reflects both the low levels of domestic production and productivity and changing tastes and preferences,
with Uganda’s younger and busier population favoring rice consumption.

The reliance on seasonal crops makes Uganda’s agriculture more vulnerable to climate shocks and is the
reason why Uganda’s national agricultural output has grown at only 2 percent per year over a five-year
period compared to about 3-5 percent output growth in other East African Community members over the
same period (World Bank 2018). Agricultural productivity in Uganda remains far below the potential that
could be achieved, and available evidence shows wide yield gaps. Cassava has the highest yield gap of
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84 percent followed by maize at 71 percent, coffee at 44 percent, fruits and vegetables at 44 percent, tea
at 21 percent, and oil palm at 10 percent (NPA 2021).

Figure 2: Uganda’s Major Food Crop Exports (2009-2023)
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Source: UBOS.

Low agricultural productivity is a major driver of poverty and is exacerbated by climate shocks, low adoption
of modern inputs, and a lack of sustainable land management practices. According to the Uganda National
Household Survey (UNHS), between 2012 and 2016, Uganda’s poverty rate declined to 21.4 percent,
although that resulted nonetheless in around 1.4 million Ugandans slipping into poverty. In addition to the
21.4 percent Ugandan households classified as poor, about 44 percent (largely rural poor) are considered
vulnerable and susceptible to falling into poverty because of climate and other shocks. While 8.4 percent
of households moved out of poverty in 2021, another 10.2 percent slipped into poverty, partly as a result
of climate-related shocks (UBOS 2021). The areas of Busoga, Bukedi, and Kigezi continue to experience
extreme and increasing poverty levels largely attributed to land and natural resource degradation.

Totransition out of poverty, Uganda needs to urgently raise agricultural productivity production and marketable
volumes. As argued by Timmer and Akkus (2008), no country can sustain a rapid transition out of poverty
without raising agricultural productivity. In Uganda, the reduction of poverty from 53.2 percent in 2006 to
19.7 percent in 2013 has been linked to the growth of the agricultural sector (UBOS 2018). Further, more
and more people are getting into agriculture, as employment in the service sector and to some extent the
industry/manufacturing sector is shrinking. Therefore, investments that increase agricultural productivity
and build the capacity of farmers to adapt and mitigate climate shocks need to be given special attention so
as to sustainably transition households out of poverty. Increasing agricultural productivity will also reverse
the trends in manufacturing by producing inputs for agro-processing or agro-industrialization.

The objective of this paper is to determine the drivers of crop productivity and crop resilience to climate
shocks in order to tease out technological and policy-level entry points for climate action, and to provide
relevant support to the government of Uganda to improve the resilience and productivity of agriculture and
rural economies in the face of climate change. This paper will focus mainly on the crop sector and the
assessment will focus on the following five areas: (i) an understanding of the structure of crop production in
Uganda; (ii) an assessment of the adoption of climate smart agricultural technologies (CSAT) and soil and
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land management (SLM) practices; (iii) understanding the effect of adoption of CSAT and SLM practices on
crop productivity; (iv) understanding the effect of adoption of CSAT and SLM on the resilience of selected
agricultural value chains (maize, banana, and sorghum) to climate shocks; and (v) proposing technological
and policy options to promote increased and sustained use of CSA technologies and SLM practices.

Following this introductory section, Section 2 presents the methods used and study limitations. Section 3
presents the assessment of productivity, production and market volumes and drivers. Section 4 presents
the results of the assessment following the five areas noted above. Section 5 presents technological and
policy options/recommendations that the government of Uganda could deploy to improve the resilience and
productivity of the agricultural sector.
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Material and Methods
Data and sources

The study used the secondary data from the Uganda Bureau of Statistics (UBOS) and analyzed existing UBOS
data sets, especially the Annual Agriculture Surveys (AAS) 2019/20, complemented by the Uganda National
Panel Surveys (UNPS) of 2015 and 2020. We used the AAS data for parametric multivariate econometric
analysis to determine the drivers of adoption and non-adoption of CSA practices and SLM technologies,
drivers of crop productivity, the effects of different climatic weather shocks on crop productivity, and the
mitigative effects of using SLM practices on minimizing crop productivity losses caused by climate shocks.
The longitudinal UNPS data sets of 2015 and 2022 were used for descriptive analysis examining trends and
patterns in various indicators of interest.

Data analysis and empirical approaches

Descriptive trend analysis: Based on the three nationally representative UNPS data surveys of 2010, 2015,
and 2020 of about 6000 households, we estimate trends and changes in prevalence of climate weather
shocks, adoption of CSA and SLM practices, crop yields, trends and changes in crop commercialization,
land use, and other welfare indicators. These are reported as percentage point changes for the short term
(2010-2015) or for the long term (2010-2020) where the data permits.

Multivariate econometric analysis: Here the Annual Agricultural Survey 2019- 2020 (AAS survey) is used.
This survey was preferred over the panel UNPS surveys used in the descriptive trend analysis because the
UNPS panel surveys have limited SLM practices, which would not allow for a comprehensive investigation
of the role of SLM practices on crop productivity and their potential to mitigate climate shocks impacts.
Therefore, in all the multivariate regression econometric estimations, the 2019-2020 AAS survey data is
the source of the dependent variables and right-hand confounding explanatory variables. Discrete choice
regression analysis and structural crop production functions regression analysis were estimated. Discrete
choice regression analysis was intended to test or determine the drivers of adoption of the different CSA
and SLM practices, focusing especially on the role of land tenure security, farm size, plot size, rural wages
for men and men, access to rural services (credit and extension), household wealth, gender, human capital,
and others. The CSA and SLM practices were used as dependent variables in the discrete choice regression
models. The CSA/SLM practices examined included organic fertilizers, inorganic fertilizers, irrigation, fallow,
agroforestry, planting pits, and zero tillage.

Because of the bounded binary nature of the outcomes as use or non-use of the CSA-SLM practice, using the
least squares estimation method would result in biased and inconsistent estimates. We therefore used the
probit regression estimator to estimate the discrete choice regressions. We estimated two probit regression
versions for each of the CSA-SLM practices: (a) Fixed effects probit regression with agro-ecological zones fixed
effects and (b) a non-fixed effects probit regression without agro-ecological zones fixed effects. The results
remained robust with and without controlling differences in agro-ecological conditions. We report only the
results without agro-ecological zone fixed effects in the results section. The two models are specified below.

Model 1Discrete choice regression without fixed effects

Y (adoption CSA-SLM)=n1, + m, HHD controls, + i, Plot controls + error term

Model 2 Discrete choice regression with fixed effects

Y (adoption CSA-SLM)= 1, + m, HHD controls, + 1, Plot controls, + m,AEZ fixed effects) + error term-——
model 2
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Model 1 describes the fixed effects probit regression, and model 2 the non-fixed effects probit regression. Y
is the dependent variables measure, taken as 1 if the farmers adopted the CSA or SLM practice on the plot
and 0 if not adopted. HHD controls is a vector of household level characteristics to measure household-level
heterogeneity (farmer characteristics of age, education, family size, farm size, access to extension access
to credit, remittances, access to input markets, access to output markets). Plot controls refer to a vector of
plot level characteristics to account for plot level heterogeneity (land tenure, plot size, plot slope, soil quality
characteristics).

We used the structural crop production functions regression analysis to empirically test three relationships.
First, we test the impact of adopting of CSA-SLM practices on crop productivity of various annual and
perennial crops in Uganda. Second, we further test the independent effect of weather shocks (floods and
droughts) on productivity of different crops. Third, we test the potential of CSA-SLM practices to mitigate and
protect crop yield losses. The econometric estimations are specified as below (models 3 to 5):

Model 3: Test the effect of CSA-SLM on crop productivity

Y (crop yield tons per ha)=m + m, SLM + m, Plot and HHD controls + error term-———————- model 3

Model 4: Test the effect of climatic shocks on crop productivity

Y (crop yield tons per ha)=m, + m, Climatic Shocks + m, Plot and HHD controls + error term-——model 4

Model 5: Test the effect of CSA-SLM to mitigate climatic shocks on crop productivity

Y (crop yield tons per ha) =, + i, SLM + m, Climatic Shocks + m, SLM X Climatic Shocks + 1, Plot and HHD
controls + error term---—-— model 5

Regression models 3, 4, and 5 were all estimated using the classical least squares estimator due to the
unbounded continuous distribution of the dependent variable’s outcomes (Freedman 2009; Gujarati & Porter
2009; Wooldridge et al. 2009) In Models 3, 4, and 5, crop yields were estimated in both untransformed form
and transformed logged form and results for both are reported in the tables. Regression results appeared
robust across the two estimations. Logging variables have several statistical advantages. It reduces
heteroscedasticity, minimizes outliers, and lowers and removes skewness (Mukherjee et al. 1998).

We also integrate the results from the IEc climate change impact model on crop productivity. IEc modeled
impact channels for a BAU scenario on labour productivity, rainfed crop production, and soil erosion.
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Structure of Crop Production Systems in Uganda

This section aims to analyze the structure of crop farming in Uganda, including land access, land ownership
structure, and critical crop management practices such as crop rotation, crop diversity/diversification,
intercropping, soil and water conservation, and input use.

Land access

Land devoted to agriculture is one of the key drivers of agricultural production and productivity. On average,
every Ugandan household has about two parcels whose average size is 0.62 hectares. Parcel ownership
shows wide variations across regions. Farmers in Acholi have a greater number of parcels on average (3)
followed by West Nile, Elgon, Ankole, and Karamoja (Figure 3). However, Elgon and West Nile had the lowest
parcel size (0.29 hectares), while Acholi still had the highest parcel size (Figure 3). Meanwhile, only 8 percent
of the households had title deeds, while 82 percent relied on agreements as evidence of legal ownership. In
addition, only 10 percent are freehold parcels and 67 percent of the parcels are customarily owned. Evidence
from the Uganda National Panel Survey data shows that the plot and parcel sizes are diminishing from
around 1 acre in 2010 to 0.6 acres in 2020, and agricultural land prices have doubled from UGX350,000
(USD$94) per ha in 2010 to UGX700000 (USD$188) per ha in 2020.

Figure 3: Average Number of Parcels (Blue Star) per Household and Average Size of Parcel (Red Star), by
Subregion
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Source: Constructed using Annual Agriculture Survey (AAS) 2019/20 data.

Parcel Use

In line with diminishing plot sizes, the area devoted to the different crops has remained very small over the
last decade (2010-2020), oscillating between 0.5 to 3 acres, meaning that agricultural producers have
remained smallholders. Annual crops still dominate land use in Uganda now as they did 10 years ago, but
their allocation has diminished in the last 10 years by 10 percent (Figure 4). Perennial crops have remained
largely stable but have increased in land use allocation in the past 10 years by 3.5 percent. Fallowing or crop
rotation has increased, especially in the second season, by 12 percent and can be attributed to the desire
of farmers to maintain soil health, optimize nutrient use, and reduce pest and disease pressures. However,
expansion of fallow land could also be symptomatic of the absence of agricultural intensification, implying
that these “follows” could actually be temporarily “abandoned plots”, with farmers switching unproductive
land to livestock production.
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Figure 4: Changes in Primary Use of Parcels in Last 10 years (2010-2020)
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Source: Constructed using Uganda National Panel Survey Data Sets.

Crop diversity

As far as crop diversity is concerned, both in the last 10 years and over the last five years, the same crops
have continued to dominate Uganda’s farming system. These dominant crops include cassava, maize,
beans, bananas, and coffee. However, the share of farmers cultivating these crops continues to decline. In
the last 10 years, the share of households growing cassava, maize, beans, and bananas have declined by
20 percent, 10 percent, 15 percent, and 6 percent respectively, while the share of households growing coffee
and oil seeds has increased by 1 percent and 2 percent respectively (Figure 5). There may be a number of
factors contributing to this trend, including the emergence of new crops (macadamia nuts, hass avocado), a
shift to livestock farming and diminishing plot sizes. In addition, the emergence of pests and diseases largely
driven by climate shocks, for example banana bacterial wilt, fall armyworm, and cassava brown streak virus,
could be a contributing factor to the decline in the share of households growing these crops.

Figure 5: Share of Households Cultivating Different Crops in Uganda
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Intercropping

This practice is still dominant in Uganda’s agricultural system, although it seems to be on the decline,
giving way to increased monocropping. In 2019, out of the 22 million plots cultivated, only 40 percent were
intercropped, with intercropping reaching 44 percent in season one and 35 percent in the second season. At
the regional level, intercropping is highest in the Ankole subregion, followed by Buganda, and lowest in the
Kigezi subregion (Figure 6).

Figure 6: Share of Plots by Cropping Systems and Region
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Use of improved input

Evidence from data for both agricultural seasons of UNPS 2010, 2015, and 2020 shows that very few
households are using improved seed. With the exception of maize and cotton, households using improved
seed are less than 10 percent across all crops and across time. Also, with the exception of cotton, the
share of households using or buying improved seed declined between 2010 and 2020 (Table 1). The results
suggest that most farmers rely on recycled seed. The share of farmers using fertilizers and agrochemicals in
Uganda has also remained very low. The proportion of farmers using fertilizers has increased from 2 percent
in 2010 to 5 percent in 2020. However, the use of pesticides is rising and has been much higher than the
use of organic and inorganic fertilizers in the last 10 years, signaling increased pest and disease pressure.
This trend has public health implications that are less understood but deserve policy interest.

Table 1: Share of Households Buying or Using Improved Seeds

2010 2010 2015 2015 2020 2020

First Second First Second First Second
Maize 21.0% 48.5% 23.7% 21.9% 27.0% 21%
Bean 40.0% 50.0% 30.6% 30.4% 29.1% 27%
Cassava 3.6% 26.1% 2.4% 1.8% 3.8% 2%
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2010 2010 2015 2015 2020 2020

First Second First Second First Second
Banana 0.4% 9.8% 0.1% 0.3% 0.5% 1%
Coffee Arabica - - 0.5% 1.8% 0.8% 1%
Coffee Robusta - - 0.0% 0.9% 1.5% 2%
Coffee All 1.1% 16.9% 0.4% 1.5% 0.9% 1%
Groundnuts 39.8% 50.0% 28.8% 34.0% 27.8% 27%
Irish Potato 34.6% 48.4% 22.6% 33.7% 33.6% 41%
Sweet Potato 5.4% 19.6% 1.7% 2.8% 7.2% 4%
Rice 39.6% 49.5% 37.9% 52.1% 28.9% 30%
Sorghum 33.9% 49.5% 26.2% 30.6% 27.8% 35%
Millet 17.4% 47.4% 23.6% 11.4% 19.1% 12%
Soyabean 52.6% 49.4% 48.5% 42.9% 47.1% 28%
Cotton 11.3% 27.3% 90.0% 75.0% 91.9% 89%

Source: Constructed using Uganda National Panel Survey Data Sets.

Use of inorganic fertilizer

The use of inorganic fertilizers is overshadowed by organic fertilizer use across time and season (Figure 7),
although the quantities used average 8 kgs per ha compared to the average for Sub-Saharan Africa of 60 kgs
per hectare. Inorganic fertilizer use remains prevalent in plantation crops. Aside from the low percentage of
farmers applying inorganic fertilizers at less than 10 percent across time and season, the quantities applied
are also reportedly low, averaging 8 kgs per ha compared to the average for Sub-Saharan Africa of 60 kgs

per hectare.

Figure 7: Use of Agrochemicals in Uganda between 2010-2020
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Irrigation

Irrigation use has remained very low below 2 percent in Uganda over the last 10 years (Figure 8). Only
less than 2 percent of agricultural parcels are irrigated. Meanwhile, the share of agricultural parcels in the
wetlands increased from 1.69 percent to 2.2 percent (Figure 8), suggesting that farmers are increasing
reclaiming wetlands to respond to water stress occasioned by climate change.

Figure 8: Share of irrigated farmland in Uganda in between 2010-2020
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Source: Constructed by authors using Uganda National Panel Survey Data Sets.

Land tenure system and SLM practices

Long-term SLM practices include trees, stone bunds, and others require secure tenure. Our analysis reveals
that the most common SLM practices for erosion control are drainage ditches, followed by terraces and
vetiver grass (Figure 9). Strikingly, the share of households taking no action has drastically reduced from
71 percent in 2010 to 18 percent in 2020. This may be an indication that soil erosion (linked to loss of
soil cover and increased rainfall intensity) has been recognized as an important problem and farmers are
taking measures to control it. However, over 87 percent of the agricultural parcels remain undocumented.
In 2020 only 24 percent of land parcels had some form of documentation (semi-formal or formal) with the
remaining 76 percent having none. Informal ways of land ownership predominate, with possession of a sales
receipt reported on 36 percent of the parcels, followed by non-documented but recognized inheritance rights
reported on 17 percent of the land parcels.
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Figure 9: Adoption of Erosion Control Methods between 2010-2020
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Source: Constructed by authors Using Uganda National Panel Survey Data Sets.

Drivers of Adoption of SLM/CSA Practices and of Crop
Productivity

Drivers of adoption of SLM/CSA practices

This subsection examines the correlates or drivers of adoption of popular Soil and Land Management
(SLM) practices with potential to mitigate the impacts of climate shocks on crop productivity. They include
the use of organic manure, application of inorganic fertilizers, irrigation, intercropping, mulching, zero
tillage (planting in pits), fallows, and agroforestry. Our analysis suggests that the application of organic
manure is positively and significantly influenced by the size of plot, land title documentation, possession
of a land ownership certificate, possession of a sales agreement, cattle ownership, and sheep ownership
(Table 2).
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Table 2: Drivers of Adoption of SLM Practices

Organic Inorganic Irrigation Fallow Agro Planting Zero
fertilizer fertilizer forestry pits tillage
Number of crops on a plot 0.044%+* 0.002 0.003*** | -0.059*** -0.003* | 0.026*** | 0.027***
Number of plots in a parcel -0.002 | -0.004%*** 0 0.003*** | 0.008*** | 0.003*** | -0.003***
Scale effect
Log household size 0.007* -0.003 0.001 0.003* 0.003 -0.005** 0.001
Log plot size Q@ErH== | @iz 0.001* 0.041*** | 0.006*** | 0.010*** | 0.014***
Log parcel size -0.017*** -0.001 -0.001* -0.003* -0.002 -0.003* | -0.005***
Mechanization effect
Ox plough -0.028*** | -0.013*** -0.002 | -0.094*** | -0.031*** | -0.049*** | -0.061***
Tractor -0.036** | 0.058*** 0.003 | -0.094*** [ -0.054*** | -0.058*** | -0.078***
Land Property rights effect
Parcel with document= land title KIS S 0.014 0.007* | -0.041*** | 0.054%** 0.012 | 0.087***
Parcel with document= customary -0.017 0.006 0.002 0.016 0.093*** 0.015 0.002
certificate
Parcel with document= certificate of -0.03 0.005 -0.006 -0.011 0.043** UIUSYRg 0.016
occupancy
Parcel with document= certificate of 0.092%*** -0.018 0 -0.034** 0.023 -0.007 -0.013
hereditary
Parcel with document= sale agreement 0.028*** -0.002 0.002* -0.016*** 0.028*** 0.010%*** 0.043***
Parcel with document= rental contract -0.026 | 0.068*** 0.006 | -0.045%** 0.038* 0.045%** -0.026
Parcel with document= lease contract 0.094 -0.048 -0.006 -0.024 -0.072 -0.025 0.090*
Parcel with document= will 0.030* -0.013 0.001 -0.025%* 0.015 0.005 | 0.100%***
Parcel with document= other -0.053 -0.036 -0.006 0.035 -0.097* -0.04 -0.043
Rural wages effect
Log male wages -0.001 0.001 0.003* @@Ei | QOEEF | @OHE™ -0.002
Log female wages -0.011* 0.018*** 0.002 -0.068*** 0.060*** 0.051*** -0.004
Livestock effect
Livestock oxen 0.001 -0.011* -0.001 0.050*** | -0.027*** -0.005 -0.013**
Livestock cows 0.047+*** | 0.020*** 0.002* | -0.013*** | 0.038*** 0.001 | -0.011***
Livestock goats -0.013*** | -0.010%** | -0.004*** -0.005* | -0.013*** | -0.013*** -0.001
Livestock pigs 0.002 0.002 0.002 @il | QR7=EE || QO 0.005
Livestock sheep 0.054*** | 0.013*** 0.002 0.018*** | 0.043*** 0.004 0.008*
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Training and credit effect

Whether any household member attended 0.001 0.024*** 0.001 -0.003 0.017*** 0.006* -0.002
agricultural training

Storage facility 0.002 0.003 -0.003** 0.006** 0.008** 0.012*** 0.013***

Agricultural loan 0.004 0.019*** 0.002 0 0.003 -0.010** -0.003

Climate shock effect

Shock flood -0.035*** -0.008* -0.001 0.005 -0.005 -0.008* | -0.017***
Shock drought 0.005 | -0.012*** -0.002* 0.009*** | -0.020*** OIOKIEEE -0.005*
Shock hailstorms 0.002 -0.008 -0.002 0.003 0.011 0.007 0.008
Shock disease and pest 0.014*** | -0.014*** 0 G102 -0.007* | -0.008%*** OIOAMESES
Shock heavy rains -0.020*** 0.003 -0.001 0 0.015%** | -0.009*** | -0.014***
Constant 0.092 -0.102** -0.036* 0.463*** | -1.189*** | -0.542%** 0.094*
N 19821 19807 26841 26841 26841 26841 26841

The response (as measured by elasticities) ranges from close to zero for plot size to 0.14 for possession
of a land title. These results suggest that land documentation and livestock ownership are the key drivers
of organic manure application among Ugandan farmers. Mechanization of large-scale farming is often
incompatible with organic manure due to the large quantities of manure needed and the significant labour
involved in application.

The application of inorganic fertilizers is significant and positively driven by plot size, land rental contracts,
tractor ownership, female wages, livestock ownership (cattle and sheep), and participation in agricultural
training programmes as well as access to credit. Also, the response (as measured by the elasticities) is low
and below 0.1. These results underscore household wealth as the key driver of use of inorganic fertilizers. All
the significant drivers can be easily combined into an indicator of household wealth. The results suggest that
the use of inorganic fertilizers is likely to increase with a reduction in levels of household poverty.

The adoption of irrigation is strongly associated with more use of all modern inputs such as inorganic
fertilizers, organic fertilizers, insecticides, and pesticides as well as land documentation and male wage.
This suggests that irrigation investments would spur input intensification, contributing directly and indirectly
to crop productivity and production, although all the responses (captured by the elasticities) are weak and
generally less than 0.1.

Adoption of intercropping has quite a large number of positive and significant drivers with stronger responses
elasticities. The number of plots per parcel, plot size, possession of a land title, possession of a sales
agreement, possession of a will documentation, ox-ploughing, female wages, and pig ownership all positively
and significantly influence adoption of intercropping. The responses as measured by the elasticities are
all stronger and above 0.1, with the exception of the response of the number of plots in a parcel. Plot size
displays the highest response with an elasticity of 0.35, followed by ox-ploughing with an elasticity of 0.2 and
female wages with an elasticity of 0.16.

Adoption of zero tillage combined with planting in pits is an SLM as well as a conservation agriculture

(CA) practice that bears great potential to mitigate climate change impacts. Zero tillage is positively and
significantly influenced by size of plot, land title documentation, possession of a sales agreement, possession
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of a will document, pig ownership, and ownership of storage facilities. The response is weak as judged by the
value of the elasticity estimates that are generally less than 0.1 with the exception of possession of a will
document. The results highlight land size and elements of land tenure security as the key determinants of
adoption of the practice of zero tillage.

Fallowing is positively and significantly influenced by number of plots in the parcel, size of plot, and male
wages, and is negatively associated with number of crops in the plot, mechanization, land title documentation,
possession of a sales agreement, possession of a will document, and female wages. Although significant,
the responses are weak as judged by the value of the elasticity estimates that are generally less than 0.1.

Agroforestry is also an SLM practice that bears great potential to mitigate climate change impacts. It is
positively and significantly influenced by number of plots in the parcel, size of plot, land title documentation,
possession of a sales agreement, possession of a will document, male and female wages, pig and sheep
ownership, training, and ownership of storage facilities. The response is weak as judged by the value of the
elasticity estimates that are generally less than 0.1 with the exception of possession of a will document.
The results highlight land size and elements of land tenure security as the key determinants of adoption of
agroforestry.

In summary, and with noted exceptions, plot size and possession of a formal land title coupled with livestock
ownership appears to support adoption of SLM practices across the board. This points to the need to focus
on security of land tenure and promotion of livestock ownership as part of a strategy to promote the adoption
of SLM practices. Meanwhile, the number of plots per parcel (a possible indicator of land fragmentation),
parcel size, land renting, mechanization (ox-plough and tractor), and goat ownership appear to discourage
adoption of SLM practices.

Drivers of crop productivity

The results presented in Table 3 are consistent with the theory of production. Two of the traditional factors of
production, namely land (plot size) and labour (family size) are positive and highly significant for all the three
enterprises of maize, bananas, and sorghum examined. In smallholder agricultural systems, capital comes
in many disaggregated forms including fertilizers (both organic and inorganic), insecticides/pesticides,
herbicides, and mechanization. Other covariates examined included institutional factors such as property
rights and land markets. A double log production function was estimated using the 2019 Annual Agriculture
Surveys (AAS) so that the coefficients can be directly interpreted as elasticities.

Table 3: Drivers of Maize, Banana, Sorghum and Cassava Productivity

Maize Banana Cassava

Yield Log Yield Yield Log Yield Yield Log Yield)
Soil nutrient inputs
Improved seed OISk ONEKIEE 1.474 0.0108 2 efeieyr -0.684
Organic fertilizer (manure) -0.00715 -0.0922 1.307* 0.314*** 0.0115 -0.12
Inorganic fertilizer (0).dlfegiLees 0.174* -1.448 -0.307* -0.261 -0.256
Organic and Inorganic fertilizer -0.388* -0.0866 -3.486 -0.187 -0.326 -0.618
Agrochemical use
Herbicides 0.195*** 0.275%** 1.04 -0.0962 0.00637 0.0598
Insecticides 0.114%** 0.344%%** Sl 0.0871 -0.401 -0.115
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Rodenticides 0.175 -2.042* 0 0 2.176 0.431
Irrigation 0.0582 0.347* -1.012 0.0871 0.35 0.375
Mechanization effect
Ox plough 0.117%** 0.167*** -3.662 -1.011%** 0.508*** 0.181**
Tractor 0.573%** 0.652*** 1.58 -0.382 0.0328 -0.132
Conservation practices effect
Planting ridges 0.087 0.178** -1.486 -0.171 -0.055 -0.149
Mulching 0.0183 0.188 -0.399 0.401* -0.631 -0.362
Planting pits 0.176*** 0.243%** -0.557 -0.242%** 0.0939 -0.149
Zero Tillage 0.118* 0.0497 AL 7= 0:398*** -0.00909 -0.0971
Scale effect
Number of plots in a parcel -0.0545%** -0.0569*** -0.649*** -0.0485** -0.0132 -0.0132
Log household size 0.113*** 0.152%** 2.033*%** 0.145%** 0.378*** 0.225%**
Log Plot size acres -0.556*** -0.803*** -8.096%** -0.835*** -1.384*** -0.903***
Log Parcel size acres 0.179*** 0.187*** 3.668*** 0.223*** 0.229** 0.200***
Land Property rights
Document = Land title -0.0134 -0.0864 1.421 0.0837 -0.489 -0.386**
Document =Customary title 0.655*** 0.101 -0.232 0.494 -0.199 -0.339
Document = Occupancy cert 0.512*** 0.496** -0.737 -0.267 -0.63 -0.292
Document = Hereditary 0.129 0.500% 0.436 0.514* -1.071 0.127
Document = Sale agreement 0.153*** 0.225*** 1.600** 0.138** -0.211 -0.194 % **
Document = Rent contract 0.184 0.501** 0 0 4.085*** 1.743***
Rural wages effect
Log Male wages (ON2 3 0.109 0.898 -0.0292 0.586** 0.0462
Log Female wages 0.00355 0.0231 -4.224%%* -0.324*** -0.554** -0.389***
Livestock effect
Livestock oxen -0.0792 -0.290*** -6.672 0.00774 0.23 0.106
Livestock cows 0.0328 -0.0106 -0.228 -0.440%*** 0.367** (ONIvEIRaS
Livestock goats 0.0875%** 0.05 -0.467 0.170*** 0.375%* 0.319***
Livestock pigs -0.0212 -0.0655 0.126 0.0933 0.00983 0.0063
Livestock sheep -0.131%* -0.0762 -0.904 0.0662 -0.204 -0.176
Training and credit effect
Any household member 0.0103 0.0643 -0.0666 -0.0778 0.413* 0.159
Received agricultural training
Storage facility -0.0144 -0.0809* 0.199 0.0775 0.197 0.0877
Access to agricultural loan 0.0109 0.0571 0.146 -0.0886 0.292 0.167
Constant -1.216** eSS b 24.05* 2.860*** 0.0544 2.264**
N 4444 4487 2062 2062 971 1089
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Land

The results suggest that land is a binding constraint in Uganda’s current agricultural production system.
Larger plot size is significantly associated with higher crop production for all the crops examined. Land size
is associated with impacts to the magnitude of 40 to 50 percent across the three enterprises. The results
suggest that agricultural production could be greatly boosted by deploying more land in agriculture, which is
clear evidence of the land constraint in the face of diminishing agricultural land and high population growth.
Contrary to expectations, formal land titling and other forms of formal land documentation do not significantly
influence agricultural production compared to just possession of a sales agreement. This result might be due
to the persistently high cost of formalizing land ownership in Uganda, coupled with the perceptions of forgery
and mistrust usually associated with formal land titling.

Labour

The results suggest that labor is a binding constraint in Uganda’s current agricultural production system.
Larger family size is significantly associated with higher crop production for all crops. This result is also
consistent with the low levels of agricultural mechanization noted below. This evidence shows Ugandan
agricultural families are facing labor challenges. These labor shortages are likely to become exacerbated as
climate change intensifies, coupled with rural-to-urban migration as family members seek other alternatives
outside agriculture if adaptation is not widely undertaken.

Improved varieties

The analysis shows that improved genetic qualities embedded in improved seed positively and significantly
impacted the productivity of maize and cassava. Use of improved maize varieties increases maize yield by
151 kg/ha (11 percent) compared to planting unimproved seed. Use of improved cassava varieties increased
cassava productivity by 3000kg/ha, with an elasticity of 0.3.

Fertilizers

The results confirm the positive impact of inorganic and organic fertilizers on agricultural production,
although the positivity does not cut across all the enterprises examined. It turns out that organic fertilizers
are more beneficial for perennial crop production (banana), whereas inorganic fertilizers are more critically
beneficial for annual crop production, especially maize. Plots where inorganic fertilizers were used yielded
17 percent (181 kg/ha) more maize compared to plots where inorganic fertilizers were not applied. On the
other hand, banana plots where organic fertilizers were used had 31 percent (1307kg/ha) more output than
banana plots which did not have organic fertilizers while holding other conditions constant. For sorghum,
these same inputs do not show a statistically significant effect. There is also no beneficial effect of using
a combination of inorganic and organic fertilizers from the AAS data, possibly because very few plots had
these two inputs used jointly. However, this practice has been shown from research stations with controlled
experiments to give higher crop yields. It should therefore be promoted with more awareness and field
demonstrations to boost its uptake by farmers in Uganda.

Insecticides/pesticides

Use of insecticides is very critical in maize production, as plots where insecticides were used yielded
34 percent (114 kg/ha) more maize production than maize plots where insecticides were not used. This
shows that pests are a huge challenge in maize production, and the burden of pests will worsen as climate
change intensifies over time. However, excessive use of insecticides poses public food health issues,
which need to be monitored. Hence more agricultural research is needed to generate technologies that
are resistant to emerging pests. Continued support of agricultural research is of paramount importance
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in the face of climate change as these biotic and abiotic challenges continue to manifest. The solution
should not be to increase the use of insecticides but rather breeding for resistance.

The impact of insecticides on maize production is far higher than the impact of fertilizers on maize
production. Insecticides are associated with 34 percent impact on maize production, while fertilizers are
associated with 18 percent impact on maize production. Again, this finding suggests that pests pose a more
serious hazard to maize production than soil health, which underscores the need for more investments in
agricultural research for crop improvement and breeding.

Mechanization

Mechanization has a role to play in influencing crop productivity, but its impact on production is context- and
commodity-specific. The results show that ox-ploughs increase maize productivity by 17 percent (117 kg/ha)
and cassava productivity by 18 percent (908 kg/ha), while the use of tractors, more significantly, increases
maize productivity by 65 percent (573 kg/ha). This impact reflects the extent of land preparation required by
the different crops and their nutrient requirement or feeding system.

Crop diversity and land fragmentation

Both the number of crops per plot (crop diversification) and number of plots per parcel (land fragmentation)
diminish crop yields for both annual and perennial crops. Although the number of crops per plot (crop
diversification) has been suggested as a climate change adaptation strategy for smallholder farmers against
crop failure, analysis shows that it is associated with lower crop yields for maize, banana, and sorghum, as
shown in the results presented. These results do not imply that crop diversification should be discouraged.
Rather, the results suggest that as crop diversification is being promoted as a strategy to mitigate climate
change, these tradeoffs should be recognized and optimal crop diversification combinations identified
through research and development efforts from the various national crop research institutions in Uganda.
Crop diversification research to identify optimal crop combinations is needed to close this knowledge gap,
and it will become more critical as climate change continues to manifest itself in the coming decades.

The number of plots per parcel (fragmentation) is also significantly associated with lower crops yields for all
crops, whether annual (maize and sorghum) and perennial (banana). This is because more plots per parcel
might impose owner management constraints, leading to poor agronomy and poor supervision which leads
to lower crop yields. The observed fact of more plots per parcel leading to lower yields might also support
the long-held policy proposition that land fragmentation is bad for rural households and bad for agricultural
production. The Ugandan political leadership has consistently advocated against land fragmentation
and this evidence from the nationally representative survey supports these observations and concerns.
Policy and legal strategies are needed to de-escalate land fragmentation in Uganda to improve agricultural
performance.

Property rights

The results show that security of property rights is important for agricultural production. Land titling is
undoubtedly important, but other recent innovations in the Ugandan land law of issuing certificates on
customary land, issuing certificates of occupancy, and the legal recognition of a sale agreement as a strong
document for land ownership and transactions have also significantly led to higher crop productivity, as shown
in the analysis. These forms of less expensive documentation should be encouraged, and administrative
barriers lessened to enable the poor to acquire them. Property rights will be become more important in the
face of climate change and in light of the rising population in a small country like Uganda, where land is the
most important physical asset and factor of production owned by its citizens.
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Land acquisition method

Land markets leading to acquisition of land by purchase lead to very high production impacts compared
to other forms of land acquisition. However, land markets sometimes lead to land inequality and land-
grabbing, disadvantaging the poor. Land markets are growing rapidly in Uganda. The buying and selling of
land are a common occurrence in Uganda today both in the rural and urban areas. As one would expect,
purchased land gives stronger secure property rights and possibly is also of better soil quality than land
acquired by other forms, which might explain why purchased land is significantly associated with higher crop
production. Therefore, land markets that have intensified in Uganda in recent years, and will continue to
grow, have beneficial effects on boosting crop productivity.

Wages

The results suggest that raising rural wages of men benefits agricultural production, while rising rural
wages of women does not benefit agricultural production. Rural wages are rising in Uganda. However, the
effect on crop production depends on who is receiving the increased wages. Male wages seem to benefit
crop production, possibly through labor hiring or increased purchase of inputs. However, female wages do
not appear to benefit crop production.

Climate shocks and agricultural productivity

Some of the key and important climate shocks in agriculture are droughts, floods, and heatwaves. Descriptive
results from the analysis of the community survey of the Uganda Harmonized Integrated Survey show that
frequency of occurrence of these weather events (droughts, floods, erratic or delayed onset of rains, and
heatwaves) increased between 2015 and 2022 (Figure 10). As many as 84 percent of the communities
reported floods to have occurred between 2015 and 2022 while 76 percent, 42 percent, 87 percent, and
80 percent reported erratic rains, floods, delayed onset of rains and very high temperatures respectively.

Figure 10: Occurrence of Weather Shocks
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Results from the analysis of the UNPS surveys indicate that households have reported drought, floods, and
ill health as the three primary shocks impacting their agricultural production activities.

Figure 11: Household Shock Experience between 2010-2020
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Over the decade from 2010 to 2020, drought prevalence has been the most significant shock, affecting
6 out of 10 households. Flood shocks have also increased in the last decade. Fifty percent of households
attributed soil erosion to flooding. Additionally, the prevalence of crop pests and diseases has risen from
3 percent in 2010 to 8 percent in 2020. Apart from these climate shocks directly affecting agricultural
production, households are also contending with increased health shocks that indirectly impact agricultural
production. Two in every ten households report experience health shocks.

Figure 12: Shock Estimates from AAS Survey 2019-2020
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The AAS survey also shows droughts were more prevalent than floods in 2019-2020 period in Uganda. The
pattern of the shocks is consistent with the other surveys shown in Figures 10 and 11.

Households have reported that these shocks have resulted in significant income and food vulnerability,
leading to the depletion of assets as they sell possessions to mitigate their effects. Eighty-two percent
of households indicated a decline in household income due to climate change-related shocks, while
79 percent reported decreased agricultural production attributed to climate change. The reduction in
household income has directly impacted food purchases, as shown in Figure 13. The combination of
reduced food production and decreased food purchases further exacerbates the food security situation
for agricultural households.

Figure 13: Effects of Shocks on Households
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The regression analysis results indicate that floods reduce maize production by 385 kg/ha (18 percent)
and 1425 kg/ha (51 percent), while they appear to have no significant effect on cassava and sorghum
yields. Conversely, drought conditions decrease maize yield by 115 kg/ha and sorghum yield by 122 kg/ha
yet show a significant positive effect on banana production and no measurable impact on cassava yields.
These findings also demonstrate that the adverse effects of climate shocks are more pronounced on maize
and banana production compared to cassava. Consequently, enhancing resilience measures for maize and
banana cultivation is critically important.

The results also suggest that floods have a greater impact on banana production, while drought is more
negatively severe on maize production. In addition, heavy rains have a significant negative effect on bananas.
The results also further suggest that SLM has the potential to mitigate the negative effects of climate shocks
on crop production. The negative impacts of climate shocks on crop production are less severe with SLM
adaptation than without SLM adaptation. The results show there is a 2 to 3 percent mitigative effect of SLM
practices on crop production in the presence of climate shocks. Although this gain might look small, this is
only a gain in one season. If SLM is maintained consistently on the plots over time, the mitigative effect on
crop production will be far greater (Table 4).
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Table 4: Impact of Shocks on Crop Productivity

Maize Banana Cassava

Yield Log Yield Yield Log Yield Yield Log Yield
Shocks
Shock flood -0.385** -0.182*** -1.425%** Lo EfilExe -0.788 0.0797
Shock drought -0.115 -0.0964** 0.711%** 0.219%*** -0.815* -0.106
Shock hailstorms -0.0112 -0.201 -0.639 -0.0592 5.383 -0.0437
Shock diseases and pests 0.0036 -0.0521 0.534* -0.0227 1.327* 0.167**
Shock heavy rains 0.0883 0.0132 -0.216 -0.115 0.947 0.172%*
Other plot-level controls Yes Yes Yes Yes Yes Yes
Other household-level controls Yes Yes Yes Yes Yes Yes
Heteroscedastic robust standard errors Yes Yes Yes Yes Yes Yes

SLM practices, crop productivity, and production variability under climate

shocks

Climate shocks are responsible for a 14 percent reduction in yields, while SLM practices will lead to an
increase of more than 100 percent in crop yields without climate shocks. In the presence of shocks, SLM
reduces yield losses from 14 percent to 9 percent (Table 5). These results suggest that SLM mitigates
the negative effect of climatic shocks on crop productivity. For example, the adoption of SLM practices by
households affected by shocks increases yields by 5 percent compared to those that do not adopt SLM
practices and are affected by climate shocks.

Table 5: Crop Productivity Per Hectare With and Without Climate Shocks

Log Value of crop production per ha (OLS)

Log Value of crop production per ha (MLE)

SLM AL ALy AL Al
Climatic Shocks -0.143*** -0.142% %%
SLM X climatic shocks -0.087** -0.0876**
Other plot and household level controls Yes Yes

Estimator Ordinary Least Squares Estimates Maximum Likelihood Estimates
Heteroscedastic robust standard errors Yes Yes

Observations (Plots) 12800 12800

Functional Form Logarithmic Logarithmic

Data source AAS survey 2019 AAS survey 2019
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We also assessed other CSA/SLM practices to determine their mitigative effect on crop productivity under
climate shocks. The results show that the use of manure, mulch, and zero tillage under climate shocks helps
to boost mean crop productivity, while the use of fertilizers and irrigation on their own under climate shocks
does not boost crop productivity (Table 6). However, the results also show that joint application of fertilizers
and irrigation in the face of climate shocks increases crop productivity by more than 220 percent. This
means that fertilizers are effective when the weather is right or conducive.

Table 6: How Specific SLM Practices Perform Under Climate Shocks

Log Value of crop production per ha (OLS) Log Value of crop production per ha (MLE)

SLM 0.669*** 0.659***
Climatic Shocks -0.200%** L0.202%**
Irrigation X Fertilizer X Climatic Shocks 225 2200 % 5
Fertilizer X Shocks -0.422%** L0.426%***
Organic X Shocks 0.401%*** 0.408***
Mulch X Shocks 0.687*** 0.667***
Zero tillage X Shocks 0.476%*** 0.461***
Irrigation X Shocks -0.0283 -0.0388

Other plot and household level controls

Yes

Yes

Estimator Ordinary Least Squares Estimates Maximum Likelihood Estimates
Heteroscedastic robust standard errors Yes Yes

Observations (Plots) 12800 12800

Functional Form Logarithmic Logarithmic

Data source AAS survey 2019 AAS survey 2019

Climatic shocks not only reduce crop productivity, they also worsen crop production variability, leading to
higher crop yield instability by 2 percent. However, the use of SLM, irrigation, and fertilizers significantly
reduce crop production variability, leading to more crop yield stability by 28 percent, 9 percent, and 6 percent
respectively (Table 7). Using value of crop production per hectare as an indicator of crop productivity (which
aggregates all monetary value of different crop harvests on a single plot given the high intercropping preferred
by Ugandan farmers), the results in the table below show the effect of shocks and SLM on variability in crop
productivity. Interestingly, the same model estimations also show that SLM practices reduce yield variability
by 28 percent, suggesting that SLM practices stabilize yields in addition to increasing yields. Therefore, in the
Ugandan setting, use of multiple SLM practices increases crop productivity but also reduces production risk
(lower production variability). The results further reveal that use of irrigation under climate shocks reduces
production risk (lower crop productivity variation). Fertilizers are also associated with lower yield variability
under climate shocks of 6 percent.
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Table 7: Impact of Climatic Shocks and Mitigative Effects of SLM on Yield Levels and Yield Variability

Mean Yield Levels (Mean Function) Yield Variability (Variance Function)
Log Value of crop production per Log Value of crop production per Variance of Log Value of crop
ha (OLS) ha (MLE) production per ha (OLS)
SLM practices QL7777 Q.75 -0.281%**
Climate shocks -0.194 % ** -0.195%** 0.0187***
Fertilizer X climate shocks -0.556*** -0.561%** -0.0645%**
Manure X climate shocks 0.463*** 0.468*** 0.676***
Mulch X climate shocks 0.864*** Q&7 525
Zero tillage X climate shocks 0.803*** 0.796%*** 0.702%***
Irrigation X climate shocks -0.127 -0.133 -0.0890* **
Estimator Classical Least Squares Classical Least Squares Just and Pope Procedure/Stochastic
production function
Other plot-level controls Yes Yes Yes
Other household-level controls Yes Yes Yes
Data source AAS AAS AAS

Given that resource endowments and capacity for climate change mitigation and adoption vary across
farmers, we conjectured that the effects of climate change shocks might show variations across scale
of production. Hence, we disaggregated farmers into three levels of production using land holding as the
disaggregating variable. The three categories are created using the median estimates, which are less
sensitive to outliers due to farmer measurement errors in plot size area reporting. The tercile classification
approach shows that small farms have a median farm size of 0.6 acres, medium-sized farms 1.9 acres,
and large farms 5 acres.

We then investigated whether the impacts of climatic shocks and mitigation measures on crop productivity
differ by farm size (Table 8). Whereas the productivity of both small farms and large farms is significantly
negatively affected by climatic shocks, disaggregated analysis shows that small farms are more
disproportionately affected than large farms by both floods and droughts. Floods lead to 29 percent loss in
crop productivity on small farms compared to 25 percent loss on large farms, although the two values might
not be statistically significant from each other. Droughts cause 33 percent loss in value of crop productivity
on small farms compared to 24 percent loss on large farms. These results suggest that efforts to enhance
crop production resilience need not ignore large farms, although more investments are needed for small
farm sizes.
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Table 8: Climatic Shocks Effects and Mitigation on Crop Productivity, by Farm Size

Small size farms Tercile Medium-sized farms Tercile Large-sized farms Tercile
Dependent variable: Log Value Dependent variable: Log Value Dependent variable: Log Value
of crop production per ha of crop production per ha of crop production per ha

(shillings/ha) (shillings/ha) (shillings/ha)
Climatic shock effects
Shock floods -0.294%* -0.239%* -0.249%**
Shock drought -0.326%** -0.231%** -0.240%**
Shock hailstorms -0.0554 0.184 -0.431**
Shock disease outbreaks -0.1 -0.274%** -0.0574
Shock heavy rains 0.135% 0.00457 -0.201**
Mitigation of climatic shock effects
Drought X Manure 0.675*** 0.322** -0.0133
Drought X Fertilizers -0.279 -0.523* -0.19
Drought X Mulch 0.904 1.768%* -0.946
Drought X Zero tillage 0.921%** 0.803*** 1.043%**
Drought X Irrigation -0.1 -0.00443 1.083*
Drought X Ridge 0.525%** 0.805*** 1.297***
Drought X Pits -0.365* 0.0744 0.17
Drought X Fertilizer X Irrigation 0.000 4.200** -1.705
Constant 14.38%** 14.00*** LB et
Number of plots 3606 4254 3514
Estimator Classical Least Squares Classical Least Squares Classical Least Squares
Robust White-Huber Heteroscedastic Yes Yes Yes
standard errors
Agro-ecological fixed effects Yes Yes Yes
Data Source AAS survey 2019-2020 AAS survey 2019-2020 AAS survey 2019-2020

In terms of mitigation, the use of manure and mulch appears to be more beneficial on small and medium
farms than on large farms (Table 8). Irrigation is less effective in mitigating drought on small farms but more
beneficial on large farms, boosting productivity by as much as 108 percent. Fertilizers are less effective in
mitigating drought effects on both small and large farms. However, fertilizers, when complemented with
irrigation, are beneficial for mitigating drought effects for both medium-sized farms (average 2 acres) and
large farms (average 8 acres). These results suggest that fertilizers are useful under drought shocks if
moisture (irrigation) is also enhanced. Therefore, irrigation is a key investment under climate change if
fertilizers are to be used to boost productivity and improve soil health in Uganda.
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Impacts of Climate Change on Crop Productivity: Modeling

In this section, we present the results of the IEC impact channels modeling for a business-as-usual (BAU)
scenario including rainfed crop production, irrigated crops livestock, and agricultural infrastructure. The
section will also focus on fisheries and qualitatively evaluate potential climate change-related impacts.

Impact of climate change on agricultural labour productivity

Uganda is projected to experience relatively mild productivity losses due to heat stress under the
Business-as-Usual scenario (BAU). Labour productivity in Uganda is expected to decline by 1.5 percent and
2.5 percent during the wet/warm and dry/hot weather between 2041 and 2050. The agricultural sector,
which represents the majority of the workforce, is most impacted, with agricultural productivity reducing
by 5 percent from 2041-2050 under dry/hot conditions. The impact on agricultural labor productivity
heavily influences the aggregated land dedicated to agriculture and with an increase in temperature less
land would be dedicated to farming, unless the country mechanizes. Currently, 80 percent of Uganda’s
land is arable but only 35 percent is being cultivated. Yet Uganda’s agricultural potential is among the best
in Africa, with low temperature variability, fertile soils, and two rainy seasons over much of the country,
leading to multiple crop harvests per year. The impact of heat stress on agricultural labor productivity is
particularly high in the north of the country which again has the largest chunks of land and could benefit
from mechanization.

Figure 14: Labour Productivity Shock by Sector in 2041-2050
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Figure 15: Labour Productivity by Subregion, 2041-2050
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Impact of climate change on crop production - heat and water stress

Uganda is projected to experience mixed impact of climate change on rainfed and irrigated crop revenues.
Currently, more than 99 percent of crop areas in the country are rainfed and only one percent is under
irrigation. The impacts to rainfed crop production are expected to be largely driven by changes in water
availability. Water-stressed crops are more susceptible to infection by diseases such as fungal pathogens,
which can cause significant yield losses. In wet/warm weather the crop revenues under rainfed agriculture
will increase by 7 percent and decline by 2.2 percent in dry and hot weather. The crops that are expected to
be affected most by heat-related effects include vegetables, potatoes, sweet potatoes, and cassava. Overall,
the water effects tend to be positive except for beans which have high negative effects. Overall, heat effects
are expected to deliver harsher impacts to total rainfed crop production in Uganda than water effects.

Table 9: Crop Production Shock by Crop by 2040s

Shock from Heat Effects Shock from Water Availability Total Shock

Crop Wet/Warm Dry/Hot Wet/Warm Dry/Hot Wet/Warm Dry/Hot
Beans -0.01% -0.05% 5.5% -5.2% 5.5% -5.3%
Cassava -4.5% -8.0% 6.5% 2.5% 1.7% -5.7%
Coffee -0.9% -1.2% 8.6% 1.4% 7.6% 0.2%
Cooking banana -0.1% -0.2% 11.5% 4.0% 11.4% 3.8%
Groundnut -0.2% -0.6% 3.7% -3.7% 3.5% -4.3%
Maize -0.01% -0.02% 12.9% -3.7% 12.9% -3.7%
Millet -0.1% -0.2% 6.7% -3.3% 6.6% -3.5%
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Shock from Heat Effects Shock from Water Availability Total Shock

Crop Wet/Warm Dry/Hot Wet/Warm Dry/Hot Wet/Warm Dry/Hot
Potato -3.7% -5.6% 7.6% -1.1% 3.6% -6.6%
Rice -0.3% -0.9% 14.0% -8.1% 13.6% -8.9%
Sesame -2.5% -6.8% 2.5% -2.5% 0.02% -9.1%
Sorghum -0.03% -0.1% 9.0% -5.5% 9.0% -5.6%
Soybean -0.1% -0.3% 4.6% -4.5% 4.5% -4.8%
Sugarcane -0.003% -0.01% 16.1% 3.5% 16.1% 3.5%
Sweet banana -0.1% -0.2% 11.7% 3.5% 11.6% 3.3%
Sweet potato 2.7% -5.6% 9.5% -3.7% 6.6% -9.1%
Tea -4.0% -6.2% 13.2% 3.3% 8.7% -3.0%
Vegetables -14.7% -26.1% 5.8% -5.3% 9.7%
Total -1.8% -3.2% 9.5% 0.3% 7.5% -2.9%

Source: |[Ec 2025.

Impact of climate change on crop production - soil erosion

Soil erosion is a pressing environmental concern in Uganda due to a combination of natural and human-
induced factors. Uganda’s terrain is characterized by steep slopes, high rainfall intensity, and poor soil
structure, which makes it prone to erosion. Human activities, such as deforestation, overgrazing, and
intensive farming, have exacerbated the problem. The clearing of forests and woodlands for agriculture
and urbanization has led to the removal of vegetation cover, exposing the soil to erosive forces. Overgrazing
has also contributed to soil compaction, reducing its water infiltration capacity, and increasing runoff.
Intensive farming practices, such as monocropping and inadequate crop rotation, have depleted the soil’'s
nutrients, making it more susceptible to erosion. Soil erosion leads to loss of fertile land, reduced crop
yields, and decreased agricultural productivity. This in turn affects food security, as farmers are unable to
produce enough food to meet the country’s demands. Soil erosion also leads to sedimentation in water
bodies, which can lead to water pollution and affect aquatic ecosystems. Furthermore, soil erosion can
lead to increased poverty and migration, as farmers are forced to abandon their lands and seek alternative
livelihoods.

By the 2040s, the Wet/Warm mean scenario projects an increase in erosion risk throughout the country
while the Dry/Hot mean scenario largely predicts a decrease in erosion risk in central regions, though
pockets in the north, south, east, and west are expected to experience an increase in erosion. Assuming the
crop production mix remains unchanged, a decrease in production is expected under both Wet/Warm and
Dry/Hot conditions. Across total crop production, crop production is estimated to reduce by 2.6 percent and
1.4 percent by 2040s under the Wet/Warm and Dry/Hot means, respectively. Potato crops are expected to
see sizable impacts, yet potatoes represent only 1 percent of crop revenues. Millets on the other hand are
projected to have positive productivity impacts.
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Figure 16: Crop Production Shock by Crop by 2040s
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Priority Interventions to Enhance Adoption and Sustained
Use of SLM Practices in Crop Production

Climate shocks influence crop productivity through crop damage from floods, drought, and crop pest and
diseases. To enhance the adoption of technologies to mitigate the impacts of climate shocks and ensure
sustainable crop productivity we propose the following technical and policy interventions: (i) Promote perennial
cropping systems; (ii) Promote soil health and crop productivity enhancing practices; (iii) Enhance tenure
rights to factors of production, especially land; (iv) Support agricultural mechanization; (v) Promote increased
use of irrigation; (vi) Improve seed and agro-input systems for all crops; (vii) Strengthen agricultural extension
system for improved delivery of soil health, seed system, and agro-input interventions; (viii) Strengthen the
national early warning systems; (ix) Support mixed farming; and (x) Support value addition and increase
export diversification and enhance international competitiveness of Uganda’s export commodities.

Promotion of perennial crops

In the last 10 years the number of parcels under annual crops has declined by 10 percent while the number
of parcels under perennial agriculture has increased by 4 percent. This means that households are replacing
annual crops with perennial crops. This is largely because, as our analysis of the Annual Agricultural Surveys
reveals, perennial crops like cassava, bananas, and coffee are more resilient to climate shocks compared to
annual crops. Perennial crops replacing annual crops is significant development because of their potential for
sustainable biomass production and climate change mitigation through soil carbon sequestration (Jansson
et al. 2021; Shang et al. 2024; Siddique et al. 2023). It is estimated that perennial crops significantly
increased soil organic carbon stock by 16.6 percent and 23.1 percent at 0-30 cm depth compared with
monoculture and crop rotation of the annual crops, respectively (Siddique et al. 2023).
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In addition, plantation crops together with livestock present an opportunity to move away from the family farm
and toward factory-corporate farming (Allen and Lueck 1998). This is important because the government
of Uganda can sustainably achieve this agro-industrialization agenda. However, the promotion of perennial
crops should not be at the expense of annual crops because the annual crops are critical for human and
livestock food and nutrition security. Accordingly, technical and policy options are needed to both increase
the production of these crops and their integration in existing annual crop production systems. Conducive
policies are also required to promote the expansion of newly introduced perennial or tree crops such as
macadamia and cashew nuts, among others.

Promote soil health and crop productivity enhancing practices

Policy and technical support are required to improve soil health. Improving soil health is crucial for sustainable
agriculture, gardening, and ecosystem management. Some of the effective practices to enhance soil health
are use of cover crops or green manure, growing perennial plants, minimum tillage, crop rotation, mulching,
proper fertilization, soil testing for PH management and proper fertilization, erosion control practices, and
efficient irrigation. Indeed, the analysis of AAS data reveals that SLM practices like manure, mulch, zero
tillage among others, individually increase crop productivity from 8 percent to about 60 percent depending
on the crop and the practice. Moreover, when combined these practices can lead to more than 100 percent
increase in yields. For example, our results show that joint application of fertilizers and irrigation in the
face of climate shocks increases crop productivity by more than 220 percent. This means that fertilizers
are effective when the weather is right or conducive. At the regional level, climate shocks are seen to be
increasing production risk, especially in the central, eastern, and western parts of the country, while the
adoption of SLM practices, use of irrigation, and crop diversification under climate shocks reduces production
risk in all regions of Uganda. Without shocks, SLM will lead to an increase of more than 100 percent in crop
yields but in the presence of shocks, SLM reduces yield losses from 14 percent to 9 percent, suggesting
that SLM mitigates the negative effect of climatic shocks on crop productivity. However, adoption of these
practices is low and largely driven by size of plot, land title documentation, possession of a land ownership
certificate, possession of a sales agreement, and agricultural livestock or assets. Therefore, to promote
adoption of these practices, safeguarding land tenure rights and property rights should be given priority
because it influences farmers’ adaptation uptake, type and intensity, and reduces household vulnerability to
economic shocks (Murken & Gornott 2022). It also enhances household access to credit and increases crop
productivity (Mbudzya et al. 2022) and has been shown to enhance eco-efficiency of agricultural production
as regards erosion by 16 percent, soil conservation efficiency by 26 percent, and the technical efficiency of
agricultural production by 54 percent (Stevens 2022). Moreover, land tenure security mitigates the impact
of drought conditions on food security because it enables farmers to invest or practice irrigation (Ajefu and
Abiona 2021). In addition, the results suggest that strengthening of property rights and security of land
tenure needs to look beyond land titling to explore other more affordable land ownership innovations.

Another key driver of the low adoption of these practices could be limited knowledge of the value of SLM
practices and soil quality. Most Ugandan smallholder farmers perceive their soils to be generally of good
quality. This perception appears to have nearly doubled between 2010 and 2015, and yet the soil continues
to be degraded. The implication is that these positive perceptions might be hampering/delaying action
on adopting measures to improve the quality of the natural resource base (soil and land) currently being
manifested or observed. This might be called a paradox of perception, since empirical evidence based on
objective soil analyses and assessments consistently show that Uganda’s soils are poor and increasingly
declining in fertility. A recent study (Nakiyemba et al. 2024) found that only 30 percent of the farmers could
correctly identify the quality of their soil, while 70 percent of farmers were not knowledgeable about their
soil quality, when their subjective assessments were compared with objective measurements. The results
further revealed that farmers rely on subjective knowledge to make decisions about their soil management
practices, suggesting the need for more systematic soil testing and monitoring.
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Support investments that promote agricultural mechanization

The productivity analysis results reveal that the use of ox-ploughs enhances maize productivity by 17 percent
(117 kg/ha) and cassava productivity by 18 percent (908 kg/ha). In contrast, tractors significantly increase
maize productivity by 65 percent (573 kg/ha). This variation in impact is attributed to tractors offer significant
efficiency gains when used on both productive new and fallow land heavy soils with high heat and humidity,
and large farm sizes compared to ox plough and manual labor (Daum et al. 2023). This is important because
out of 80 percent of the arable land in Uganda, only 35 percent is currently cultivated, underscoring the
existing agriculture potential. Tractors aid early land preparation, leading to organic matter decomposition,
improved soil structure, reduced weeds, and timely planting. These conditions enhance seed germination
and growth, boosting crop productivity (Al-Shammary et al. 2024; Lee et al. 2022). In addition, mechanization
elevates Agriculture Environmental Efficiency (AEE), especially in the plains, and in agriculturally focused and
affluent villages (Yan et al. 2023).

However, in promoting agricultural mechanization there is need to anticipate and address challenges such as
market failures concerning access to spare-parts supplies and credit, as also missing institutions, particularly
those that would be required to ensure adequate skill development of tractor-operators and technicians
(Daum and Birner 2017). In addition, exchange rate fluctuations and obstructive customs practices prevent
stronger private sector involvement in mechanization. Moreover, governance challenges such as political
interests and elite capture limit the effectiveness of government imports of tractors and machinery (Ayele
2022; Daum and Birner 2017). To address these challenges, the government may need to establish training
centers for mechanization to provide training in tractor management, operations, and servicing; increase
the national distribution of tractor service centres; and encourage and support community-level tractor hire
programs in order to crowd in the private sector, map out suitable areas for ox-ploughing, and conduct two-
wheel and four-wheel tractors-based soil mapping.

Promote agricultural intensification

Agricultural intensification refers to increasing agricultural production per unit of input, such as land,
labor, or resources. The results show that improved crop genetics embedded in improved seed positively
and significantly impacted the productivity of maize and cassava, but not bananas. The effect of the use
of inorganic and organic fertilizers on agricultural productivity, although positive, does not cut across all
the enterprises examined. However, organic fertilizers are more beneficial for perennial crop production
(banana) whereas inorganic fertilizers are more beneficial for annual crop production, especially maize. Also,
insecticide use in maize plots results in significant increases in maize production while joint application of
fertilizers and irrigation in the face of climate shocks increases crop productivity by more than 220 percent,
demonstrating the value of gains in agricultural intensification.

However, despite the value of this modern input in increasing crop productivity amidst climate shocks,
adoption has remained low (llukor et al. 2025). With the exception of maize (48 percent-27 percent), beans
(50 percent-29 percent) in season 1 and 2 as well as cotton (89 percent), the share of households using
improved seed is less than 10 percent across all crops and across time. In addition, for all crops except for
cotton the share of households using or buying improved seed declined between 2010 and 2020, while
those using agrochemicals and irrigation in Uganda has remained disappointingly very low despite small
improvements. For example, fertilizer use increased from 2 percent in 2010 to 5 percent in 2020, while
irrigation has remained below 2 percent.

Therefore, promoting adoption of improved or diverse modern inputs is a promising strategy to achieve

increased yields, support food security, and reduce poverty in Uganda and East Africa at large. However,
the key limitation to access modern inputs is the cost, largely driven by price and availability of the
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agro-input dealers, trust in the quality of the inputs, and knowledge of inputs, largely associated with
weakness in the extension and seed or agro-input system (Hill et al. 2018). The key strategies for enhancing
the agro-input system include developing the seed varieties, strengthening the supply chain, quality
assurance and regulation, farmer education and training, access to seeds, and strengthening farmer
networks (Reardon et al. 1997).

The government of Uganda has supported development of seed varieties that are resilient to climate change.
Over 19 drought-tolerant varieties of maize have been released in Uganda and over 200 in Africa (Lee 2020).
However, very few have been promoted in the market, largely because of weakness in the quality assurance
process, supply chain (agro-input dealer network), farmer education and training, as well as weak farmer
organizations and networks that have limited access to seed (Jaiswal et al. 2023). Agrochemicals suffer
from the same weakness. However, unlike seed, manufacturing of the agrochemicals does not take place in
Uganda and as a result farmers often suffer with price fluctuation and limited supplies.

To address these issues, the government needs to support efforts to expand the agro-input network and
crowd in the private sector to invest in the agro-input sector; invest in certification and enforcement; establish
laboratories for agro-input testing and virus disease cleaning (tissue culture); invest in the extension system
to provide farmers with information about new technologies and ensure proper use of these technologies;
support the formation of farmer organizations and their networks; offer subsidies or financial support for
purchasing agro-inputs, particularly for marginalized and resource-poor farmers; and implement or deploy
tools that make high-quality seeds affordable and accessible to farmers. An eVoucher which is designed to:
(i) target farmers that are not already applying or using improved or modern inputs; (ii) have credible exit
strategies to put a time limit to the support to avoid imposing a burden on the government and prevent it
from being captured by political interests; and (iii) support the development and expansion of the existing
private input supply networks to ensure sustainability by avoiding state-controlled input distribution systems
should be adopted. One-time demonstration across the country coupled with a credit scheme for agro-input
dealers will be required.

Invest in the development of early warning Agromet advisories for farmers

We recommend that to build farmers’ confidence and ensure the fullest possible use of agrometeorological
information, the government should build the capacity of the Uganda National Meteorological Authority
(UNMA) to develop timely, accurate, relevant, and easy-to-understand advisories; ensure routine
dissemination of these advisories and expand the network of weather stations across the country; and
invest in the skilling of additional weather experts, digital dissemination of real-time weather data,
and the acquisition of state-of-the art weather forecasting technology. At a minimum, each district in
Uganda should have three digital weather stations to capture variations in the weather patterns across
the districts.

Promote export promotion and import substitution

Uganda’s food crop exports have been primarily composed of maize and maize-based products. While maize
flour exports have remained stable, maize exports have experienced considerable fluctuations. The causes
of these fluctuations include weather shocks, price shocks, and trade restrictions, such as Kenya’s recent
ban on Uganda’s maize exports due to aflatoxin contamination. Enhancing agro-processing and adding value
to reduce reliance on primary commodity exports could be a strategy to mitigate the significant fluctuations
in Uganda’s agricultural exports.

Data fromthe Uganda Bureau of Statistics indicates that maize flour exports are less volatile than maize grain
exports. Additionally, imports of both maize and beans peaked at 90 MT in 2021 and 2022 respectively, due
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to a domestic deficit of these staple food crops which are crucial for the food security of various institutions,
including educational, health, and correctional facilities. This deficit is attributed to reduced productivity
caused by climate shocks (droughts and dry spells) and increased domestic demand for both human and
animal feed. Uganda’s animal feed market has grown by an average of 5 percent and is expected to grow
further at a rate of 4 percent. Animal feed ranks as the 14"-most imported product in Uganda, with imports
increasing annually by 3.4 percent from 2009 to 2023. In 2023, Uganda exported 219 million kilograms of
animal feed, mainly in raw material form, earning about $72 million, while importing 134 million kilograms
of animal feed and spending approximately $101 million. Therefore, investing in agro-processing of grain
crops and adding value to produce animal feed could expand the export base, create jobs, and improve
Uganda’s agricultural trade terms.
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