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Abstract
This study aims to analyze the economy-wide impacts of climate change on crop yields in Tanzania. It also assesses how irrigation can boost or sustain crop productivity in the face of climate change. The study employs a single-country static computable general equilibrium model, DEMETRA, calibrated using the 2015 Tanzania Social Accounting Matrix (SAM). It disaggregates land use for both irrigated and rain-fed crops. The crops sub-sector accounted for an average of 15.3% of the output from 2015 to 2023 and employs approximately 66% of the labor force, primarily in rural areas. Thus, climate variability poses significant challenges to the Tanzanian economy. This is substantiated by the simulation results of this study, which indicate a decline in real GDP by 0.33% and 0.58% for mild (under the RCP2.6 emission scenario) and severe (under the RCP8.5 scenario) climate change scenarios, respectively. Lower investments drive the decline due to constrained domestic and export demand as reduced yields elevate domestic prices. Lower crop yields from climate change diminish crop production, particularly for coffee, oilseeds, oleaginous fruits, and rice. This contributes to the overall reduction in crop output in the most productive regions for these crops, including Dodoma, Mbeya, Lindi, Katavi, and Simiyu. Households’ welfare is also adversely affected, as incomes decline while food prices rise, especially in urban areas. The reduction in household income is primarily due to a decrease in returns on capital, particularly in the cash crops sector, which is relatively capital-intensive.  
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1. Introduction
Future climate change brings with it many challenges to agriculture. With approximately 66% of the population in Tanzania living in rural areas, the projected climate change threatens the livelihoods of almost 34% rural population working on crop sub-sectors among others. The crops sub-sector represented an average of 15.3% of the national output in 2015 – 2023 (NBS, 2024). However, high reliance on rain fed systems makes it more vulnerable to the increasing challenges of climate change and variability due to unreliable rainfall, and prolonged droughts.
Climate change raises concerns such as sea level rise, increasing temperatures, depletion of natural resources and food security. In Tanzania, the impacts of climate change and variability mainly manifest in the form of frequent floods and droughts with an increasing trend in the recent decades (United Republic of Tanzania (URT), 2021). Frequency of floods increased from an average of 0.8 floods per year between 1980 and 2010, to 1.8 per year during 2011-22, being the most prevalent natural disasters followed by droughts. Estimates show that about US$463.8 million was lost between 1980 and 2022 due to floods and earthquakes in Tanzania (International Monetary Fund (IMF), 2023). 
Future climate projections for Tanzania show warming in the range of 0.8 to 1.8°C by the 2040s. By 2090s warming is projected to increase in the range of 1.6 to 5.0°C, with the MultiModel Ensemble predicting warming of roughly 3-4°C evenly distributed across Tanzania (United Republic of Tanzania (URT), 2021). The associated increased frequency of droughts and heavy rainfall events resulting in flooding are likely to reduce growth through negative effects to major economic sectors particularly agriculture, infrastructure, tourism and energy sectors (Osima et al., 2018). The ND-GAIN country index[footnoteRef:1] placed Tanzania as the 48th most vulnerable country to climate change out of 187 countries assessed in 2022, and the 42nd least prepared in adaptation investments among 192 countries. This suggests greater adaptation needs and less preparation, also anchored in the national agricultural policies and strategies (United Republic of Tanzania, 2016).  [1:  https://gain.nd.edu/our-work/country-index/rankings/] 

The impact of climate change on agricultural production would in large part depend on the possibility of farmers adapting by intensifying irrigation and changing cropping patterns. Investments in irrigation infrastructure have been identified among the vital strategies to mitigate climate-induced risks in agriculture and delink agricultural performance from rainfall dependence (Koopman et al., 2015). Irrigation stabilizes crop yields by addressing water scarcity, enhances productivity and facilitates crop diversification. Despite the increasing challenges of climate change and consequently of food insecurity, only 2.5% of the potential irrigable land in Tanzania is irrigated (United Republic of Tanzania, 2024). Thus, in 2023 Tanzanian Government initiated an agricultural transformation plan ‘Agenda 10/30’ whose initiative is to rally efforts of the public and private investments to propel the agricultural sector GDP growth rate and alleviate poverty mainly for rural households. The government plan to prioritize investments in 13 crops which are Maize, Rice/ paddy, Cotton, Sunflower, Cashew, Cassava, Sorghum, Pulses/beans, Coffee, Avocados, Soya bean, Sisal (fibre) and Wheat. In addition, the government plans to expand irrigated land from 727,300 hectares in 2023 to 1,200,000 hectares in 2030 (65% increase) to boost agriculture productivity and strengthen resilience against climate change. 
Impacts of climate change on crop yields and potential benefits of irrigation investments in Tanzania are well documented (for example Aragie et al., 2023; Rowhani et al., 2011). However, the aggregate and regional impacts of irrigation investments as a climate change adaptation strategy are not well documented in Tanzania. It is against this background; the paper seeks to address the following research questions:
i. How do climate change impacts on crop yields impact domestic agricultural production and households?
ii. Can public investments in irrigation help to boost or maintain agricultural productivity in the face of climate change?
iii. Which regions are more likely to benefit from increased irrigation investments in Tanzania given varying climatic zones, and regional development disparities?
This study aims to address these questions using a single -country general equilibrium model built for agricultural purposes (DEMETRA) (JRC, 2020) and simulates planned public investments in irrigation during 2024 – 2030 as adaptation strategy to the projected impacts of climate change on crop yields. The model differentiates irrigated, and rain fed land to capture differential impacts on yield improvement on the two types of land. It also includes a detailed disaggregation of labour based on regional residence (25 regions) and explicitly include subsistence agriculture accounts to represent a subsistence nature of agricultural production in Tanzania. 

2. Climate change, irrigation investment and CGE modeling 
Climate change reduces crop production and depresses water demand for irrigated crops, even though the intensity of irrigation water increases. Studies such as those by Rowhani et al. (2011) indicate that a 2°C temperature increase by 2050 is expected to reduce average maize, sorghum, and rice yields by 13%, 8.8%, and 7.6%, respectively, in Tanzania. USAID (2018) Similarly, it is reported that national maize production is expected to decrease by 8-13% by 2050 due to the effects of climate change, while yields of beans, sorghum, and rice are projected to decrease by 5-9% by 2050. Increasing heat stress and expansion of the coffee berry borer beetle are expected to decrease coffee productivity from 225 kg/ha to less than 100 kg/ha in 2060. Craparo et al., (2015) used econometric approach and projected coffee annual yield losses of 137 ± 16.87 kg ha−1 for every 1 °C rise in minimum temperature, while by 2060, the coffee production is expected to drop to 145 ± 41 kg ha−1. 
Studies estimating the impacts of climate change on irrigated crop yields are scarce. Calzadilla et al. (2014, 2013) estimated the global impacts of climate change on crop yields, finding that these impacts vary by region. While rainfed production is expected to be less affected, larger negative impacts are expected for irrigated production in sub–Saharan Africa. Rainfed production is projected to increase by 0.7% while irrigation is expected to drop by 15.3%. This is due to a decrease in surface runoff in some irrigation basins, induced by increased evaporation, considering the vulnerability of certain irrigated crops, such as wheat, to heat stress. Without additional irrigation, higher temperatures in some temperate and sub-tropical zones are expected to shorten the crop cycle and reduce crop yields.
Computable general equilibrium (CGE) models have been widely used to study the impacts of climate change and irrigation investments (Arndt et al., 2012; Bezabih et al., 2010; Dudu & Cakmak, 2010; Kahsay et al., 2017; Nechifor & Winning, 2019; Ponce et al., 2016). Most studies establish that climate change negatively affects crop production and ultimately food security, which varies by region (Arndt et al., 2012; Dudu & Cakmak, 2010; Ponce et al., 2016). On the other hand, studies on irrigation primarily focus on modeling impacts of changes in water availability, sustainable water resources management, modeling water requirements, and so on (Kahsay et al., 2017; Nechifor & Winning, 2019; Ponce et al., 2016). Tanzania is regarded as highly vulnerable and less prepared in its climate change adaptation strategies. Yet, there are very few studies employing CGE models to study the impact of climate change in Tanzania (Arndt et al., 2012; Bezabih et al., 2010)CGE models are useful in analyzing the economy-wide effects of economic policies and shocks, illustrating how these effects propagate through various segments of the economy.   

[bookmark: _Toc183188716]3. Methodology and data
[bookmark: _Toc183188718]3.1 The Modeling Framework 
Increasing public investment in agriculture will affect agricultural output directly and indirectly (for example, through input-output relationships between agriculture and other sectors of the economy, such as the agri-food industry, transportation, and trade). In the case of Tanzania, the effects could be significant if one considers that agriculture accounts for 28.3% and 39.6% of GDP and private consumption, respectively, and that agrifood commodities account for a large share of total exports (16.4%)[footnoteRef:2]. As a result, analyzing the policy changes that affect agriculture, including increased investment in agricultural subsectors, requires capturing the interrelationships among economic agents, such as producers and consumers, as well as between agricultural and non-agricultural sectors, domestic and foreign markets, while considering the direct and indirect effects that these relationships may generate. In other words, an analysis of alternative scenarios surrounding agriculture should adopt a multisectoral approach that considers both the economy as a whole and fiscal constraints, particularly if the effects of public investment are to be considered. A CGE model is fit for purpose when it comes to capturing the range of potential effects. The core database for CGE originates from social accounting matrices, which provide a snapshot of the interdependence among economic agents within the economy at a given point in time.   [2:  Figures are based on the data source from the NBS (2019 Supply Use Tables – preliminary version)] 


3.2 The DEMETRA Model Overview
To simulate the impact of irrigation investments during the 2024–2030 time period, considering climate change impacts, we utilize a single-country recursive Dynamic General Equilibrium Model for Economic Development, Resources, and Agriculture (DEMETRA). DEMETRA is an extension of STAGE_DEV models, which incorporate specific behavioral and transactional relationships prevalent in developing countries, such as the role of semi-subsistence agricultural households, domestic migration, and factor market segmentation (McDonald et al., 2016). 
In the model, Tanzania is depicted as a small, open economy where world prices are assumed to be fixed. Producers sell goods and services, aiming to maximize their profit within available resource constraints, while consumers maximize their utility subject to a budget constraint. The model enables an explicit examination of semi-subsistence agriculture by distinguishing between marketed and subsistence commodities, while maintaining consistent accounting of home production for home consumption (HPHC). Tanzanian agriculture is essentially subsistence, where 95 % of farmers are smallholders, producing on less than 2-hectare plots, and market only 20 % of harvested cereals, pulses, oilseeds and nuts, and roots and tubers (WB, 2024). Therefore, the HPHC framework provides a more accurate representation of the nature of agricultural activities in Tanzania. 
For the trade block, producers can sell their products domestically or in foreign markets, depending on the elasticity of transformation, which is modeled using a constant elasticity of transformation (CET) function. On the other hand, the Armington hypothesis specifies consumers’ choice to consume either domestic or imported products, which assumes imperfect substitutability between the commodities. 
Households derive their income from factors of production owned, transfers from households, enterprises, the government, and the rest of the world. Households spend their after-tax income, less savings and transfers to other households. The government obtains income from tax revenues, public borrowing, and transfers, and spends it on transfers to non-public agents and on the consumption of goods and services. 
The model specifies the following closure rules. The producer price index (CPI) is the numeraire. For the foreign exchange account closure, the current account balance and the world prices for traded commodities are fixed, given the assumption of a smaller country, where Tanzania is considered a price taker. We adopt the neoclassical approach, whereby the economy is savings-driven, as household savings rates are fixed while the level of investment adjusts. It is also assumed that all tax rates are fixed in the base specification, government borrowing and transfers to domestic agents are also fixed, while public spending on goods and services adapts to changes in government income. Capital is assumed to be fully employed and mobile across sectors to reflect long-term adjustments, while labour and land are assumed to be mobile across economic sectors and regions.
3.2.1 Production Structure
The model provides detailed information on agricultural production for each crop in each region. Outputs of agricultural commodities are allocated between different crops in different regions by a CET function.  Parameters for productivity change due to climate change,  and due to irrigation investments  are introduced as multiplicative terms in the domestic commodity output function. The parameter  is subject to climatic conditions, notably drought and rainfall, which determine its value. Further,  represents yields improvements of domestic agriculture production due to expansion of irrigation infrastructure. 
Then, a Leontief nest is specified that assumes perfect complementarity between value added (VA) and the intermediate consumption composite (INT) (Figure 1). VA is the constant elasticity of substitution (CES) between labour, capital, and land. Furthermore, land is a CES nest of irrigated and rainfed land, allowing for imperfect substitution between them and a feedback mechanism due to the increased supply of irrigated land resulting from higher irrigation investments. Irrigation investment leads to an increase in the supply of irrigated land and a reduction of rainfed land, and implicitly increases the value of new irrigated land. These improvements are then expected to boost yield and increase farmers’ profitability, particularly in the regions where the value of new irrigated land is the highest. 
Figure 1: Regional crop production function structure
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Source: Own construction
3.2.2 Modelling climate change impacts 
In CGE models, the impacts of climate change can be represented by assessments of how factors of production, technologies, and preferences are affected (Aaheim et al., 2012). In this study, climate change impacts agricultural production by reducing the productivity of both rainfed and irrigated crops. At this stage of the study, we rely on existing estimated impacts of climate change on crop yields,  in Tanzania.
Similar CGE studies in Tanzania, such as Bezabih et al. (2010) found that climate change impacts are associated with a reduction in agricultural productivity. Specifically, we use projected yield changes in Nechifor & Winning (2019). The projected yields are based on the LPJmL (Lund-Potsdam-Jena Managed Land) crop model, under RCP2.6 and RCP8.5 scenarios, using the HadGEM and MIROC climate models. The projected impacts are specific to Tanzania and refer to the year 2030. However, the impact of climate change on coffee yields and on other cash crops is based on the study by Craparo et al. (2015). 
In this study, RCP2.6 is considered a low climate change scenario, while RCP8.5 is considered a high climate change scenario. Crop yield changes for different crops simulated in the model are presented in Table 1.
Table 1: Climate-induced crop yield changes by 2030 for irrigated and rainfed land
	Crop/ climate scenario
	Irrigated (% changes)
	Rainfed (% changes)

	
	RCP 2.6
	RCP 8.5
	RCP 2.6
	RCP 8.5

	Maize
	-2.59
	-7.03
	-1.75
	-3.79

	Millet
	-3.58
	-8.40
	-1.82
	-3.96

	Oil seeds
	-6.64
	-12.91
	-5.67
	-7.19

	Field pea
	-3.49
	-8.51
	-1.54
	-4.16

	Plant fibers
	-3.67
	-8.81
	-2.37
	-4.54

	Rice
	-4.51
	-10.06
	-3.76
	-6.58

	Soy
	-3.57
	-8.40
	-1.89
	-3.94

	Sugarcane
	16.71
	24.31
	9.70
	33.01

	Wheat
	-3.63
	-8.95
	-2.56
	-3.87


Source: Nechifor & Winning (2019)

Nine crop types whose yield changes were projected in Nechifor & Winning (2019) using ISIMIP Fast Track data are mapped to crop types in the 2015 Tanzanian SAM. Mapping is one-to-one for certain crops, such as maize, wheat, and rice. For other crops, matching is used for similar crop types, like beans and field peas (Table 2). 


Table 2: Crop mapping between the Tanzanian SAM and LPJmL crop model
	Tanzanian SAM crop
	LPJmL crop

	Wheat
	Wheat

	Maize (corn)
	Maize

	Rice
	Rice

	Other cereals (millet, sorghum)
	Millet

	Vegetables
	Other crops (Average)

	Fruits
	Other crops (Average)

	Sweet potatoes
	Plant fibers

	Cassava
	Plant fibers

	Other roots and tubers
	Plant fibers

	Pulses
	Field pea, Soy

	Oilseeds and oleaginous fruits
	Oil seeds

	Other crops
	Average of all crops

	Cotton
	 Other crops (Average)

	Cashew nuts
	 Other crops (Average)

	Tobacco
	Other crops (Average)

	Tea
	Other crops (Average)

	Coffee
	 Coffee

	Sisal
	Other crops (Average)

	Cloves
	Other crops (Average)


Source: Own construction

3.2.3 Modelling the Investments in Irrigation 
To simulate the impact of increased irrigation, we increased the available irrigated land by 65% from its initial level, without prioritizing specific crops or regions. Because the model treats irrigated and rainfed land as substitutes, the increase in irrigated land reduces the total area available for rainfed agriculture. This change is implemented in addition to proportionally reallocating land to owners and activities based on their initial distribution between irrigated and rainfed lands. This approach ensures the model reflects the substitution between the two land types and appropriately allocates land for production."
The proposed increase in irrigation investment under Agenda 10/30 aims to expand the irrigated agricultural land to 1,200,000 hectares in 2030 from 727,300 hectares in 2023 (65% increase). This will increase the proportion of irrigated land to 4% of the potential 29.4 million hectares that can be irrigated from the current 2.5%. This expansion is expected to cost an annual allocation of 869 billion TZS from public and private sources from 2024 to 2030 (United Republic of Tanzania, 2024). 

3.3 Tanzania’s Social Accounting Matrix (SAM)
The DEMETRA dynamic model is calibrated using the 2015 Social Accounting Matrix (SAM) for mainland Tanzania, developed by the JRC (El Meligi et al., forthcoming). The initial SAM includes 99 accounts for production activities (25 for households as home producers), 91 for marketed commodities, and 18 for home commodities. Production factors include labour and capital. However, to fit the purpose of this study, we further disaggregated the factors of production in agricultural activities. Therefore, the capital factor is disaggregated into land and other capital. Land is further categorized into irrigated and rain-fed land, based on the 2019/20 National Sample Census of Agriculture and the 2017/18 Household Budget Survey. Labour is further disaggregated across three categories based on gender, rural and urban, and regional residence (25 regions). There are 10 household categories, disaggregated by rural/urban and income quintiles. Other institutional accounts include accounts for taxes and margins, firms, government, and the rest of the world. 
In the 2015 Tanzania SAM, labour and capital represent 66.58% and 33.42% of the value added. Rural labour is more prominent in the agriculture sector and less represented in the services sector than urban labour. The services sector absorbs the majority of capital, at 37.31%, followed by the agriculture sector, which accounts for 34.63%, including approximately 4.34% of the land factor (Figure 2). 
Figure 2: Distribution of factors of production by aggregate activities
[image: ]
Source: Own construction from 2015 Tanzania SAM

Tanzanian agriculture is mainly rainfed. Figure 3 shows the irrigated land share by crop activity. Vegetables occupy the largest irrigated area, followed by other crops and rice. Other crops, such as wheat and oilseeds, are not irrigated in Tanzania. This implies that, since irrigation contributes to improvements in total crop yields, rainfed crops are more likely to experience lower yields than irrigated crops. 
Figure 3: Distribution of irrigated land by crop activity
[image: ]
Source: Own construction from 2015 Tanzania SAM
The distribution of land by irrigated and rainfed in different regional agricultural activities is presented in Figure 4. Few regions, including Dar es Salaam, Kilimanjaro, Iringa, Arusha, and Mbeya, have a slightly higher proportion of irrigated land compared to other regions. These regions primarily cultivate crops, which are found to have a high proportion of irrigated land, as shown in Figure 3. Thus, climate change impacts on crop yields of irrigated crops are more likely to affect these regions compared to those with less proportion of irrigated land. 
Figure 4: Distribution of irrigated and rainfed land by regional agricultural activity
[image: ]
Source: Own construction from 2015 Tanzania SAM

Compensation from ownership of factors of production, transfers from enterprises, the government, and the rest of the world contribute to households’ income. A significant share of households’ income comes from labour compensation, 89.6%, with income and transfers contributing 0.3% and 10.2% respectively. Most government transfers are allocated to rural households compared to urban areas.   
3.3 Simulation scenarios
This study presents three simulation scenarios related to the impacts of climate change and investment in irrigation as a climate change adaptation strategy. These include:
i. Mild climate change impacts: Modest decline in rainfed and irrigated crop yields (RCP 2.6 emission scenario)
ii. Severe climate change impacts: Sharp yield reductions (RCP8.5 emission scenario)
iii. Adaptation scenario: Expansion of irrigated land supply
4. Simulation Results – Preliminary 
At this stage, we present the preliminary results of climate change-induced impacts on crop yields and the expansion of irrigated land on agricultural production, households, and the overall economy. These results are derived from a static model based on the projected yield changes by 2030. 
4.1 Impacts on production
4.1.1 Crop production
Climate change harms domestic agricultural production for most crops, particularly in severe scenarios compared to mild climate change scenarios. This harm is more pronounced for cash crops, since they are not irrigated in Tanzania. The significant impact of climate change on coffee is attributed to the substantial yield reduction resulting from climate change and the reliance on unreliable rainfall for production (Table 3). Expansion of irrigated land increases the production of all crops except cashew nuts. The impacts of irrigation expansion are minimal because at the baseline, the quantity of irrigated land is minimal; thus, a 65% increase does not significantly boost production.   
Table 3: Domestic production of cash crops (% deviation from the baseline)
	Crop
	Mild-CC
	Severe-CC
	Irrigation-exp

	Cash crops (HPHC commodities)
	-7.72
	-7.83
	0.00

	Wheat
	-2.59
	-3.09
	0.06

	Cotton
	-0.99
	-1.32
	0.02

	Cashew nuts
	-7.72
	-7.83
	-0.01

	Tobacco
	-7.89
	-7.83
	0.00

	Tea
	-3.61
	-3.74
	0.00

	Coffee
	-56.86
	-57.16
	0.01

	Sisal
	6.57
	6.65
	0.01

	Cloves
	-10.71
	-11.58
	0.03


Among the food crops, reduced yield severely impacts the production of oilseeds, rice, sweet potatoes, and other cereals (Figure 5). The primary reason for the significant decline in oilseed and rice production is the sharp increase in the domestic price of these crops, reducing both domestic and export demand. These are among the country's most consumed and least exported food crops. Local consumption of sunflower seeds is the primary driver of the oilseeds market. For example 2019, Tanzania contributed less than 1% of the global sunflower seed exports. (Mdoe & Mlay, 2021). Similarly, producing households consume about 30% of the produced rice, while almost all the remainder is absorbed by the domestic market, particularly in the urban areas (Wilson & Lewis, 2015)Thus, increasing domestic prices due to lower yields adversely affect demand and overall production.
Among the most productive regions for oilseeds and oleaginous fruits are Dodoma, Singida, Manyara, Simiyu, Tabora, Rukwa, Songwe, Mbeya, and Ruvuma. These regions have the least share of irrigated land, which accelerates the impacts of climate change on these crops (see Figure 4). 
The expansion of irrigated land substantially increases the production of maize, one of the highest-consumed food crops in Tanzania. However, while oilseeds, oleaginous fruits, and rice are most impacted by climate change, the expansion of irrigated land has led to a slight increase in the production of these crops. This calls for targeted irrigation expansion to ensure the most affected crops are allocated the largest share of irrigated land.  
Figure 5: Domestic production of food crops 
A: Climate change impacts				B: Irrigation expansion impacts
[image: ][image: ]
In Figure 6, the impacts of climate change vary across Tanzanian regions. For the mild climate change scenario (rcp 2p6), regions whose production decreases by more than 2% include Dodoma, Mbeya, Lindi, Katavi, and Simiyu. These regions produce crops affected mainly by climate change, namely oilseeds, rice, roots, and tubers. Kilimanjaro experiences the lowest reduction in crop production in the mild scenario and an increase in the severe climate change scenario. A uniform expansion of irrigated land results in an overall increase in food production. Arusha, which is most impacted by climate change, also reap significant gains in terms of crop production. However, other regions mostly affected by climate change like Dodoma, Mbeya, Lindi, Katavi and Simiyu do not witness substantial crop production increase due to irrigation expansion. 
Figure 6: Crop production by region

A: Climate change impacts				B: Irrigation expansion impacts
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Results on aggregate sectoral output reveal the highest decline in output of cash crops, followed by food crops, as they are directly affected by climate change in both mild and severe scenarios (Figure 7). The decline in the production of agricultural products, which serve as intermediate inputs, accounts for a decrease in the production of processed agri-food industries, such as the beverage and cigarette industries. Conversely, the production of extractive products increases by 1.39 to 1.62% for the mild and severe scenarios, respectively, while the production of manufacturing commodities also increases slightly by 0.22% for both scenarios. These sectors are less hit by climate change as they do not directly depend on agricultural products. They also face an increase in labour demand as labour migrates from the lower productive agriculture sector, which lowers production costs and thus increases production. 
Expansion of irrigated land led to an increase in the production of goods in sectors which directly depend on crop production, namely processed agrifood, Livestock, meat, fish and food crops. Other service sectors benefit slightly due to indirect links between the sectors. 




Figure 7: Domestic production by aggregate commodity
A: Climate change impacts				B: Irrigation expansion impacts
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4.2 Impacts on factor employment
4.2.1 Impacts on capital
Figure 8 illustrates the impact of climate change on capital employment. The demand for capital decreases the most in the cash crops sector, which is severely impacted by climate change, while it increases for almost all other sectors, including food crops. The reduction of crop productivity affects how factors of production are allocated between sectors. The marginal productivity of capital decreases when yields decline, resulting in a decrease in the return on capital. This decreases demand for capital, particularly in cash crops, which consequently increases the relative demand for capital in other sectors, such as extractives, manufacturing, and agri-food processing, whose productivity is less impacted by climate change. 
However, irrigation expansion stimulates the demand for land, leading to substitution of other capital away from activities which mostly depend on land for production such as food crops and agrifood. Consequently, capital is absorbed in other sectors which do not readily depend on land mainly services, boosting productivity (Figure 8).
Figure 8: Impacts on the demand for capital
A: Climate change impacts				B: Irrigation expansion impacts
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4.2.2 Impacts on Labour employment
The effects of climate change on labour employment are mixed in both scenarios. Demand for labour decreases in a few sectors following reduced crop yields, negatively affecting the livelihoods of those who depend on these sectors (Figure 9). Consistent with the impacts on output, the decline in labour employment is highest in the cash crops sector, while extractive industries, which face an increase in production, also increase demand for labour. The increase is higher for rural labourers who move from the agricultural sector due to lower productivity. The services sector, particularly trade and transport, also faces declining labour demand. This sector supports the agricultural sector by facilitating the transportation of agricultural products and providing market access. Thus, a decline in crop production directly affects the labour demand in these sectors. The mixed effects of climate change on labour employment result in a lower decline in labour wages compared to the return on capital used intensively in the cash crop sector. 
Simulation results show that demand for labour did not increase due to an increase in irrigated land supply. Tanzanian agriculture is mainly rainfed and labour intensive, thus a minimal increase in the supply of irrigated land does not significantly increase production to boost the demand for additional labour. 

Figure 9: Impacts on employment of labour
A: Climate change impacts
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4.3 Impacts on Household Income 
The income of urban households is more significantly impacted by a reduction in crop yields due to climate change compared to those in rural areas (Figure 10). This is due to a decline in the return on capital as demand for cash crops decreases. A reduction in returns on capital implies less income for firm owners, mostly urban households. Moreover, the highest decline in labour demand in the cash crops sector, particularly among urban households (Figure 9), contributes to a relatively higher decline in the income of urban households compared to rural residents. Reduced income negatively impacts household consumption, leading to reduced household welfare. 
However, the impacts of irrigation expansion on household income are small and uniform for rural and urban households. This is because of a relative increase in capital demand due to substitutability effect of irrigated land expansion, raises household income mainly among urban households. Further, the increase in the supply and demand for irrigated land which is of higher value compared to rainfed raises the income of rural households, both from the return of higher value land, and from increased production. This in turn boost household consumption in addition to lower prices and improve their overall welfare. 




Figure 10: Impacts on household income, by residence
A: Climate change impacts				B: Irrigation expansion impacts
[image: ][image: ]

4.4 Macroeconomic impacts
The decline in crop yields reduces the country's real GDP by 0.33% and 0.58% in the mild and severe climate change scenarios. This reduction is driven by a decrease in investment, reducing the aggregate supply (Table 4). Government income also decreases due to crop yield decline and tax base reduction as production in most sectors declines. Results also show that the consumer price index, which indicates the overall price level in the economy, increases by 0.29% in the mild scenario and by 0.47% in the severe scenario, thus reducing both export demand and household aggregate consumption. Exports decrease more than imports, implying a widened trade deficit, affecting the country's GDP. 
Expansion of irrigation is shown to have positive effects on macroeconomic indicators, though minimal. An increase in the supply of irrigated land boosted the overall supply of goods, services, and consumption, leading to an increase in economic growth by 0.6%. The consumer price index decreases slightly by 0.1%, indicating the overall decline in price levels, which suggests potential increases in household purchasing power and consumption. 
Table 4: Impact on Macroeconomic indicators (% deviation from the baseline)
	Indicator
	mild
	severe
	irrigation

	GDP
	-0.33
	-0.57
	0.006

	Real GDP
	-0.33
	-0.58
	0.006

	Investment
	-0.21
	-0.38
	0.006

	Absorption
	-0.31
	-0.53
	0.000

	Aggregate Supply
	-0.43
	-0.72
	0.010

	Aggregate Consumption
	-0.59
	-0.95
	0.007

	Export
	-1.03
	-1.33
	0.013

	Import
	-0.63
	-0.81
	0.008

	Consumer Price Index
	0.29
	0.47
	-0.001

	Government income
	-0.44
	-0.73
	0.008


Tanzania's proposed Agriculture Agenda 10/30 aims to expand the irrigated land by 65% from the current 727,300 hectares, targeting a 10% increase in agricultural GDP by 2030. However, our simulation results indicate that the planned expansion will lead to only a minimal improvement in agricultural production and aggregate supply (around 1%) by 2030, casting doubt on the feasibility of achieving the ambitious 10% GDP growth target. Furthermore, when factoring in the impacts of climate change, the expansion of irrigated land is projected to have even less impact on production and the overall economy. Given the limited fiscal space for irrigation expansion in Tanzania, we recommend revising the target and prioritizing climate-smart agriculture initiatives to mitigate the adverse effects of climate change in addition to a gradual irrigation expansion. 

5. Conclusions and next steps
Climate change poses significant livelihood challenges, particularly in developing countries heavily relying on agriculture, such as Tanzania. These are exacerbated by a heavy reliance on rainfed agriculture, which is susceptible to unreliable rainfall and prolonged droughts. Despite the greatest adaptation needs, Tanzania, like most African countries, is less prepared to combat climate change. Expansion of irrigation infrastructure is one way that could help farm households adapt to climate change shocks. Thus, Tanzania initiated an agricultural transformation plan, ‘Agenda 10/30’, in 2023 to boost agricultural productivity to at least 50% of the potential crop yield. Additionally, the government plans to expand irrigated land by 65% by 2030 to enhance resilience against climate change.
This study employs a single-country static computable general equilibrium (CGE) model, DEMETRA, which is most suited for analyzing agri-food policies, to examine the impacts of reduced crop yields due to climate change on the Tanzanian economy. The model is calibrated to the 2015 Tanzanian Socioeconomic Accounting Matrix (SAM). Simulation results indicate that crop production decreases due to climate change. Most decline is observed for cash crops, especially coffee, as they are not irrigated and are particularly vulnerable to the effects of climate change. Production of food crops also decreases, with the highest decline recorded for oilseeds, oleaginous fruits, and rice. This contributes to the overall crop production in Dodoma, Mbeya, Lindi, Katavi, and Simiyu, which are the primary cultivation areas for these crops. Production of agri-food processing industries also faces a decline due to a shortage of agricultural products used as intermediate inputs. However, output increases for extractive industries and manufacturing sectors. This resulted in higher labour demand in these sectors than in those whose output declined, such as cash crops. A decline in labour demand, accompanied by a heavy decline in capital demand in the cash crops sector, reduces households' labor income. Lower income and high overall prices reduce household consumption, negatively affecting their welfare. Consequently, climate change reduces investment, aggregate supply, and the country's real GDP. 
On the contrary, irrigation expansion mainly boosts the production of food crops and other sectors that directly depend on crop production, such as agri-food processing. The fact that the initial share of irrigated land is very small in the country, a 65% increase in the irrigated land supply does not significantly raise demand for labour, even though demand for capital increases for the service, extractive, and cash crops sector, as other sectors increase demand for irrigated land. The minimal yet positive impact of irrigation expansion on macroeconomic indicators and household welfare suggests the potential of irrigation expansion to promote economic growth and enhance livelihoods. Nevertheless, irrigation expansion should be targeted at regions and crops affected mainly by climate change, as uniform irrigated land expansion unevenly benefits the sectors and regions. 
In the following stages, the study will utilize a dynamic CGE model to examine the temporal dynamics of irrigation land expansion under different crops and regions prioritization scenarios. The scenarios will also combine climate change and irrigation expansion impacts to analyze how irrigation investments reduce climate change impacts. Moreover, the model will analyze different irrigation expansion scenarios to determine the minimum level of the irrigated land expansion sufficient to enhance crop production. The current simulation shows that a 65% increase in irrigated land supply has minimal impacts on crop production and the overall economy. Thus, a minimum level must be required for the expansion of irrigated land from the current level of 2.5% share of the total irrigable land for it to be considered a potential adaptation strategy. 
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