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Introduction: Village tank cascade systems (VTCSs) were built in ancient Sri Lanka as autonomous and climate-resilient agro-ecological systems. This study examines crop choices, farming profitability, and environmental sustainability under alternative rainfall regimes and market interventions in the Mahakanumulla VTCS of the Anuradhapura district.

Method: A bio-economic model was developed to represent farming activities in the VTCS for the 2018-19 Maha and 2019 Yala cultivation seasons with data gathered from secondary sources and a key informant survey. The objective function of the model was the maximization of profits from farming. Resource limits were set for four types of land (highlands and lowlands in the Maha and Yala seasons), two types of labor (hired and family), and twelve-monthly water constraints. Six different models were developed for the six sub-divisions of the VTCS, considering the water-management hierarchy of the system. The models were simulated under alternative rainfall regimes and market interventions. The optimal crop mixes, farm profits, and shadow prices of resources associated with the baseline scenarios were compared with those of the counterfactual scenarios.

Results and discussion: This analysis clearly illustrated that water and labor are the key determinants of the system. Also, when 922 ha of lowlands and 205 ha of uplands were allocated per annum for crop cultivation under normal environmental conditions, the annual profitability of the VTCS was LKR 111 million. During drought periods, a sharp reduction in profits was observed in the Maha season. Year-round drought caused a 77% profit reduction compared to the baseline. The Maha drought alone caused a reduction of 47%. The introduction of a buy-back arrangement for chili and maize helped farmers to increase profits by 185 and 28%, respectively, under normal climate scenarios, turning to 954 and 5% during extreme drought scenarios, compared to the baseline. The least nitrate leaching and soil losses occurred in green chili cultivation. The introduction of market-based solutions is recommended to address extreme climate events experienced by the rural communities dependent on the VTCSs in Sri Lanka.
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Introduction

The immense diversity of climate and geography in Sri Lanka has resulted in correspondingly varied agricultural systems. The tank-based systems in the dry zone, termed village tank cascade systems (VTCSs), play an important role in the agrarian communities associated with them. VTCSs are interconnected small-tank systems which efficiently stored, conveyed, and used rainwater in the past. Distinctive crop-livestock systems and land-use patterns grew up around them. These systems have begun to degrade due to numerous natural and manufactured threats (Dharmasena, 2010). For example, rainfall data for the Mahailluppallama area during the last century reveals that the dry zone faced frequent climate shocks due to unpredictable rainfall patterns.

Additionally, macro-level policy changes have affected the system. After the Food and Agriculture Organization (FAO) declared VTCSs to be Globally Important Agricultural Heritage Systems (GIAHS), there were various technological and market interventions by the private and public sectors for their restoration. Nevertheless, there is a dearth of scientific investigation to evaluate the effects of such interventions on the profitability and environmental sustainability of VTCSs, except for two recent studies by Weerahewa and Dayananda (2023) and Dayananda et al. (2021) which used bio-economic models for the evaluation.

Bio-economic models, which may be developed as extensions of Linear Programming (LP) models, can assess farm innovations and government policies, considering the economic and ecological constraints in agricultural systems. Janssen and Van Ittersum (2007) introduced an integrated economic-hydrologic modeling framework that accounts for the interactions between water allocation, farmer-input choices, agricultural productivity, non-agricultural water demand, and resource degradation to estimate the social and economic gains from improvements in the allocation and efficiency of water use. There is also the Rosegrant et al. (2000) application of a bio-economic model to the Maipo river basin in Chile. The latter evaluated the economic benefits to water use for different demand management instruments, including markets in tradable water rights, based on the production and benefits functions of water in the agricultural and urban-industrial sectors (Rosegrant et al., 2000).

The objective of this study is to examine the profitability changes and environmental degradation of selected market interventions under alternative climate scenarios using a bio-economic model.



Study site

The Mahakanumulla VTCS in the Thirappane Divisional Secretariat was selected for this study. This VTCS is a branched cascade consisting of 27 village tanks spread across nearly 40 km2 in the Anuradhapura district (Figure 1). The village tanks in the VTCS drain to the Nachchaduwa tank, the last in the system, according to the elevation difference. The Department of Agrarian Services maintains the irrigation infrastructure of the Mahakanumulla VTCS which spreads across the six Grama Niladhari (GN) divisions of Mahakanumulla, Indigahawewa, Sembukulama, Wellamudawa, Paindikulama, and Walagambahuwa. A total 1,359 households live across the cascade; the community of 3,840 individuals breaks down to 53.6% women and 46.4% men (Department of Public Administration, 2019).


[image: Figure 1]
FIGURE 1
 Geolocation of the Mahakanumulla VTCS.


In keeping with the bi-modal rainfall pattern in the dry zone, there are two cultivation seasons, the Maha (wet season with high rainfall) and the Yala (dry season with low rainfall). There are different geographical and social characteristics across the VTCS, as well as individual agriculture systems based on its water-management hierarchy.



Model and data


Structure of the bio-economic model

The basic LP model was adopted to develop a bio-economic model for the Mahakanumulla VTCS. The general form of the LP model is as follows.

Objective function:

[image: image]

Subject to,
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The above model presents: Z as profit; Cj as the co-efficient of the jth decision variable; aij as the jth coefficient of the ith constraint; Xj as the jth decision variable; and, bi as the ith resource limit. The additional profits that may be reaped by increasing one unit of a limiting resource are indicated by the shadow price. A zero shadow price implies that no profits can be reaped by expanding use of the resource, i.e., the relevant resource is not binding. The shadow prices are the additional cost incurred over and above the market price by the decision maker when the resources are constrained as the cost of the resource is included in the coefficients of the objective function.

The basic version of the model is described below. Suppose that there are two types of crops, paddy and maize, and three constraints limit their production—lowland (LL), highland (HL), and water (W). For simplicity's sake, let us assume that the type of land is crop-specific. Maize uses HL and W to produce its output, while paddy uses LL and W for its output. Figure 2 shows the baseline equilibrium and counterfactual equilibria for this model. The feasible region is given by OABCD, and B or C will become the optimal solution in the initial equilibrium, depending upon the slope of the iso-profit line. If the relative price of maize is higher, as shown in Z, B becomes the optimal solution. If the relative price of paddy is higher, as shown in Z', C becomes the optimal solution. If the availability of LL is restricted, the feasible region shrinks to OABEF, and B or E will be the optimal solution status quo, with a lower profit compared to the initial equilibrium. If the availability of HL is expanded, the feasible region expands to OGHCD, and H or C will be the optimal solution in the status quo, with a higher profit compared to the initial equilibrium.


[image: Figure 2]
FIGURE 2
 Graphical representation of the baseline equilibrium and counterfactual equilibria. Source: Adopted from Weerahewa and Dayananda (2023).


Decisions concerning administration of the cascade, water resource management, and cultivation are taken at the GN level. Accordingly, six different linear programming models were developed, treating the six GN sub-divisions as different agricultural systems. Of the six sub-divisions, three divisions show hydrological interconnections (WS 1, WS 2, and WS 3) and the connectivity was modeled through the water constraint. Each sub-division consists of available lands for cultivation, including lowlands and highlands. The total cultivation extents of each sub-division are presented in Table 1.


TABLE 1 Tank distribution and land use in the Mahakanumulla VTCS.

[image: Table 1]




Model calibration

The extents of land cultivated with paddy, maize, and vegetables (the crops most under cultivation) in the 2018–2019 Maha and 2019 Yala were used to calibrate baseline models in each sub-division.

The baseline equilibria were calibrated thus. First, data concerning cultivation costs obtained from the Department of Agriculture (Table 2) and discussions with the key informants were used to construct the coefficients in the profit equation (cj) in the bio-economic model. Table 2 presents the data used to construct the baseline equilibria.


TABLE 2 Crop budgets of paddy, maize, and vegetable categories in an average season.

[image: Table 2]

Next, the key constraints of the models of each sub-division were identified based on data from the key informant survey and secondary sources. The key informants were the Agriculture Research Inspectors for the Mahakanumulla VTCS, the presidents of the farmers organizations of the respective GN divisions, and the persons responsible for water operations in a season. Water, land, and labor are the significant constraints of the Mahakanumulla village tank system (Bandara, 2004; Withanachchi et al., 2014). Altogether, 18 constraints were identified, including two labor constraints, 12 monthly water constraints, and 4 land constraints representing lowlands and highlands in the Yala and Maha seasons.

The Crop Water Requirement (CWR) was calculated using the CROPWAT model (Food and Agriculture Organisation, 2022) and data from the Mahailuppallama weather station. The CWRs of the Yala and Maha seasons were calculated separately for each crop category. The starting date of the Maha season was taken as 1st October, and 1st March as the starting date for the Yala. The CWR was evaluated according to the crop growth stages. Table 3 illustrates the monthly CWR of paddy, maize, and vegetables in the dry zone.


TABLE 3 Monthly crop water requirement (CWR) (m3/month).

[image: Table 3]

The total water availability was computed using the CWRs and the crop mix generally adopted by the farmers in the study area. According to the literature and data from the key informant survey, cultivation is practiced using direct rainfall, tank irrigation, and groundwater resources in the VTCS. Groundwater is only used for chena cultivation (shifting, or slash-and-burn cultivation) in a few areas.

The average land extents of the VTCS were used in computing water usage during the two cultivation seasons: these numbers were then used to construct the water resource limits (bi) of the baseline equilibrium of the model. According to the key informants, in a typical Maha season, farmers cultivate the total extent of available lowland with paddy. In a typical Yala season, only one-third of the lowland is cultivated. The total available water in the baseline scenario is presented in Table 4.


TABLE 4 Total water available for cultivation in the six sub-divisions in the baseline scenario (m3).

[image: Table 4]

The average labor requirements for each crop category, obtained from the cost of cultivation reports produced by the Department of Agriculture, were used to construct the constraint coefficient of the labor. The limit on the total labor requirement was determined considering the labor required for each crop enterprise and was obtained from the cost of cultivation reports of the Department of Agriculture and the crop mix generally adopted by the farmers in the study area (Department of Public Administration, 2021).

Appendix 1 presents the model tableau for the baseline scenario for a single sub-division in the Mahakanumulla VTCS.



Development of simulation scenarios

The profitability of crop cultivation under market interventions was tested under alternative climate scenarios experienced in the dry zone during the past decade.


Development of climate scenarios

Climate impacts on the VTCS were tested as an external shock. Rainfall data from the Mahailluppallama weather station for the 1976–2019 period, obtained through the Anuradhapura District Survey Office, were taken into account to generate the drought scenarios. Figures 3, 4 present monthly rainfall distribution during the Maha and Yala seasons from 2009 to 2019.


[image: Figure 3]
FIGURE 3
 Rainfall distribution in the Maha season (2009–10 to 2018–19). Source: District survey office, Anuradhapura.



[image: Figure 4]
FIGURE 4
 Rainfall distribution in the Yala season (2009–2019). Source: District survey office, Anuradhapura.


Of the Maha seasons, 1986–87 and 2012–13 recorded the lowest and highest rainfall, respectively. Therefore, the 1986–87 Maha rainfall was considered the Maha drought period. From the Yala seasons, the 1979 and 2018 seasons received the lowest and highest rainfall, respectively; thus, the 1979 Yala rainfall was taken as the Yala drought period.

The baseline scenario was developed considering the rainfall received during the 2018–19 Maha and 2019 Yala seasons which depict rainfall in an average rainy year. In determining the past decade's rainfall data, six rainfall scenarios were developed to test the effect of climate shocks on the Mahakanumulla VTCS. Table 5 presents the above rainfall scenarios and the monthly average rainfall for the above scenarios.


TABLE 5 Monthly rainfall for climate scenarios (m).

[image: Table 5]

In order to calculate direct rainfall to the crop cultivation area, the extent of land cultivated in each sub-division was used. Then, the baseline models simulated the total available water under each scenario. Profitability, land use, environmental sustainability, and shadow prices were calculated for each subdivision and the entire cascade.



Development of market intervention scenario

Government policy, as articulated in the National Policy Framework Vistas of Prosperity and Splendor, Overarching Agricultural Policy, and National Agricultural Policy, emphasize the need to introduce market interventions to uplift rural lives without compromising environmental sustainability. Accordingly, one initiative by the private sector in many dry zone areas has been a buy-back system for maize and chili. Even though tobacco was also introduced as a commercial crop, in compliance with World Health Organization (WHO) guidance on tobacco control, the government has decided to disincentivise tobacco cultivation. In this study, we tried to assess the profitability changes, considering the buy-back systems for maize, dried chili, and tobacco.

The baseline bio-economic models were extended by including the above crop categories to evaluate the effects of market interventions. Tables 6–8 represent the data used for the market intervention scenario.


TABLE 6 Labor usage of tobacco, maize, and green chili (Man days/season).

[image: Table 6]


TABLE 7 Monthly CWR of tobacco, maize, and green chili (m3/month).

[image: Table 7]


TABLE 8 Crop budgets of tobacco, maize, and green chili in an average season.

[image: Table 8]



Computation of the extent of environmental degradation

The extent of environmental degradation associated with different crop plans was evaluated using estimations of soil loss and nitrate leaching for each crop mix. According to Mapa et al. (2007), the lowlands of the dry zone consist of Low Humic Glay (LHG) and Reddish Brown Earth (RBE) soils. According to the data, 70.5% of the available lands for cultivation in the Mahakanumulla VTCS are lowlands. Soil loss was estimated using published soil loss estimations by various scientific studies (Table 9). The nitrate leaching amount was calculated using estimates from Kanthilanka (2022). Nitrate leaching at the field level for rice and maize during the Yala and Maha seasons for the varied rate of N application in LHG poorly-drained soil is as follows.

[image: image]
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Nitrate leaching and soil loss were calculated for each sub-division and summed up to obtain the entire system's environmental degradation (Table 9).


TABLE 9 Summary of the environmental sustainability calculation.

[image: Table 9]




Results and discussion

The baseline model was calibrated drawing on cultivation data for the 2018–2019 Maha and 2019 Yala seasons. During these two seasons, the Mahakanumulla VTCS received a total annual rainfall of 1.63 m. This was a good year, compared with the average rainfall for the years 1979–2019. According to records from the Mahailluppallama weather station, the average rainfall during this period was 1.4 m, with a 0.3 standard deviation.

Table 10 shows the results of the profitability and decision variables of the six sub-divisions. The total profitability of the entire cascade system was derived from the profitability value of the six sub-systems. Profitability was determined by the amount of water, lowlands, and highlands and the number of person-days available for agriculture activity in each subsystem.


TABLE 10 Profitability and extents of crop mix under the baseline scenario.

[image: Table 10]

As indicated earlier, the 2018–19 Maha and 2019 Yala seasons show the baseline scenario, and this is a year with average rainfall. In such an year, the cascade has earned around LKR 111 million in annual profit through cultivating 922 ha of lowlands and 205 ha of highlands. Figure 5 depicts the annual land use of the three major crops cultivated in the Mahakanumulla VTCS, as shown by the above results, in a year where average rainfall and lowlands are utilized thoroughly during the Maha season in each sub-division. However, the entire lowland area is not cultivated in the Yala season due to insufficient water. The same pattern can be seen with the cultivation of the highlands.


[image: Figure 5]
FIGURE 5
 Annual land use in the Mahakanumulla VTCS under the baseline scenario (ha). Source: Authors' calculations.


The analysis underlines the comparatively low net profits from rice cultivation, despite it being the dominant crop in both seasons. The sub-divisions with the larger lowland areas generate higher profits than the rest. The sub-divisions located near the Nachchaduwa tank (at the lower end of the VTCS) show higher profitability, compared with sub-divisions at the upper end, due to the high availability of water.

In terms of shadow price, it is clear that irrigation water is a constraint in the upper sub-divisions. Similarly, the profitability of the sub-divisions near the Nachchaduwa tank is limited by the scarcity of land, despite water availability. Therefore, the analysis results highlight irrigation water and land as the key determinants of the optimal crop mix and profitability of the Mahakanumulla VTCS under the current scenario.

The results of the shadow prices in Table 11 show that the eight-monthly water constraints were binding. Both the Maha and Yala end-season water constraints were binding, which will affect the late growth stages of the crop cycle and ultimately result in lower harvests. The most significant effect was caused by water limitation in February. Water constraints at the end of both seasons directly affected the cultivation of maize in that area.


TABLE 11 Shadow prices of the baseline scenario.

[image: Table 11]

The possible environmental impact of the current cultivation pattern on the Mahakanumulla cascade is presented by Figures 6, 7. Following Kanthilanka's (2022) equations, given the nature of the dry zone soil and other external factors, the nitrate leaks and soil loss in this LHG-rich system are demonstrated here. Accordingly, about 6,662 tons of soil are removed from the system annually due to cultivation during the regular rainy season and about 34 tons of nitrates are leaked.


[image: Figure 6]
FIGURE 6
 Soil loss of each subdivision under the baseline scenario. Source: Authors' calculations.



[image: Figure 7]
FIGURE 7
 Nitrate leaching of each subdivision under the baseline scenario. Source: Authors' calculations.


Similarly, there is high profitability and environmental damage in the lower section of the cascade. Wickramasinghe et al. (2023) and Kulasinghe and Dharmakeerthi (2022) have supported this finding in the same cascade, indicating that high accumulation of nitrate and phosphate in lower watersheds. Further, this finding supports Bandara et al. (2010) who indicated higher nitrate, PH, and sulfate accumulation at the lower end of the Parana Halmillawa, Navodagama, Sandamal Eliya, Kahagollewa, and Puwarasankulama cascades in the dry zone. Among the baseline crop mix, maize causes the highest nitrate leaching, followed by paddy and vegetables. However, soil loss is comparatively lower in paddy than in the other two crop categories. Thus, the cash crops are more environmentally damaging. As a result, higher profits are always associated with more significant environmental damage.


Effects of climate shocks

The Mahakanumulla cascade system is subject to constant climatic influences. Based on the variation in rainfall over the last century, it showed extreme changes in rainfall. The equilibrium in the baseline was simulated with lower or higher water availability in the cultivation seasons to obtain the equilibrium under each climate scenario. Table 12 presents the profitability of farming in the Mahakanumulla VTCS under a good rainfall year, good Maha rainfall, good Yala rainfall, Yala drought, Maha drought, and year-round drought scenarios, respectively. The total profitability of the VTCS was taken using the summation of the profitability under each sub-division scenario.


TABLE 12 Total profitability of sub-divisions and VTCS under climate scenarios (LKR million).

[image: Table 12]

The rainfall data used for this analysis show that during the worst drought of the last century, the annual rainfall was 82.7% less than the average annual rainfall. Similarly, the highest annual rainfall in the last century shows an increase of 40.1% over the average annual rainfall.

The profitability results of the Mahakanumulla VTCS demonstrate water availability to be the driving factor of the cascade system. Table 12 presents crop cultivation patterns under extreme weather events. Profits resulted in the higher rainfall regimes being higher than average rainfall years. Year-round good rainfall generates the highest return to the cascade. Marques et al. (2005) similarly reported that the reliability of increased water supplies raised the probability of higher crop economic returns.

As might be surmised, there were lower profits associated with drought situations than during good rainfall regimes (Table 12). Furthermore, the profit results reflect that drought during the Maha season had a higher impact on profitability than in the Yala season. The results of each sub-division show that farmers moved on to crops requiring less water than paddy in dry spells. At the same time, smaller extents of land would be cultivated in the Yala season due to lower water availability. There is a higher profit during the Yala drought than in the other two drought scenarios: the reason is that water scarcity leads to the selection of crops requiring less water, like maize and vegetables, over paddy.

Figure 8 presents the extents of land cultivated annually with the three major crops in the Mahakanumulla VTCS. Culturing high-income generation crops, such as maize, under high water availability resulted in higher returns to the system. 71.4% of highlands were utilized under heavy rainfall, a 51.7% increase compared with the baseline scenario. There is only 13.9% of highland cultivated under a year-round drought scenario. The largest extent of lowland cultivated under the baseline scenario is 62% of the total available lowlands in the VTCS. Annual lowland cultivation will reduce to 26.6% under heavy rainfall conditions and to 9.5% under year-round drought.


[image: Figure 8]
FIGURE 8
 Annual land Use (ha) in the Mahakanumulla VTCS under baseline, year-round drought, and year-round heavy rainfall scenarios. Source: Authors' calculations.


The following figures show the environmental damage during the climate scenarios.

As per the calculations of soil loss and nitrate leaching under alternative climate scenarios, the highest soil loss resulted under a heavy rainfall year. According to Figures 9, 10, it is evident that environmental degradation is proportionate to profitability. Drought leads to less soil loss than the baseline. Figure 10 shows that nitrate leaching is high in the baseline scenario compared with the heavy rainfall year. Farmers are moving toward maize farming rather than other crop cultivations with heavy rainfall.


[image: Figure 9]
FIGURE 9
 Soil loss under extreme climate scenarios. Source: Authors' calculations.



[image: Figure 10]
FIGURE 10
 Nitrate leaching under extreme climate scenarios. Source: Author's calculations.




Benefits of market interventions under alternative climate scenarios

Dry zone agricultural systems are directly affected by changing political and trade policies. As mentioned earlier, tobacco could invade the crop lands in the dry zone as a commercial crop, and the government suggested introducing maize and green chili buy-back arrangements as potential alternatives for this issue.

The changes in profitability under these market interventions were estimated under several assumptions: the introduction of buy-back arrangements ensuring the availability of inputs for cultivation, certified farm-gate prices and a well-established market for farm outputs. We examined the extent to which market interventions affect the profitability of the Mahakunumulla VTCS under the above conditions. The profitability changes in the Mahakanumulla VTCS under different market interventions and alternative climate scenarios are presented in Table 13.


TABLE 13 Profitability changes according to various market interventions.

[image: Table 13]

As shown in the table above, any market intervention can increase the profits reaped in the baseline scenario. The same pattern can be found in all the sub-systems, and similar results can be shown in all climate scenarios. The comparison of profits under alternative market interventions illustrates that annual profits are higher when maize, tobacco, and green chili crops are cultivated simultaneously. Similar results were reported by Chianu et al. (2009) with reference to soybean farming in Kenya and by Reddy and Suresh (2009) in India with regard to oil seed crops.

Of the three market interventions, chili provides relatively higher returns than the buy-back arrangements for the other two crops, with higher profits in the drought periods when compared with periods of excellent rainfall. According to the results, introducing a cash crop, such as green chillies, into a cascade system would yield the highest returns. However, the other crops of the Maha season would not come into the crop mix, farmers would be tempted to cultivate green chillies using all available resources. Green chili cultivation increases the profitability of this VTCS system by about 185% during a regular rainy season.

Introducing maize buy-back arrangements with a well-established market will lead to high profits for the VTCS. However, at that time all crop choices came to the crop mix in VTCS based on the available resources. Accordingly, the increase in the profitability from introducing maize buy-back cultivation during an average rainfall period is 28%.

Tobacco also shows a similar pattern, suggesting that buy-back arrangements would be profitable in each climate scenario. This would enable farmers to cultivate under less water availability. However, while tobacco yields higher economic returns than maize during the baseline year, maize yields higher economic returns under extreme climatic conditions.

Figure 11 summarizes land use under alternative climate and market interventions. According to the results, paddy cultivation accounts for the most annual use of land in the VTCS, except when green chili is grown. But when maize buy-back arrangements are introduced under heavy rainfall years, then maize dominates up to 22.5% of total available lands. As shown in Figure 11 tobacco becomes more dominant in land use under droughts than in the other two climate scenarios. Even though the introduction of green chili dominates annual land use in all three climate scenarios, the greatest extent resulted under the baseline scenario. However, under the above market interventions, dry zone vegetables no longer enter the annual land use pattern.


[image: Figure 11]
FIGURE 11
 Land use in the Mahakanumulla VTCS under alternative market scenarios. Source: Authors' calculations.


According to the results of the soil loss and nitrate leaching calculations, introducing green chili is the most environmentally sustainable intervention under a good Maha rainfall scenario (Figures 12, 13). Also, Figure 12 shows that tobacco cultivation causes very high soil losses. Similar findings were reported by Thomaz and Antoneli (2022) in southern Brazil. However, nitrate leaching and soil losses due to market interventions other than tobacco are lesser or similar to losses under the current crop pattern. These trends have been observed in every climate scenario.


[image: Figure 12]
FIGURE 12
 Soil loss under different market interventions—heavy Maha rainfall. Source: Authors' calculations.



[image: Figure 13]
FIGURE 13
 Nitrate leaching under different market interventions—heavy Maha rainfall. Source: Authors' calculations.


The results of the simulations revealed that green chili and maize buy-back systems are possible alternative crops for tobacco. With green chili crops present, tobacco will not enter the system under the climate scenarios examined in this study.




Summary and conclusion

In light of the key findings of the simulation exercises, several conclusions may be drawn. The results demonstrate irrigation water to be the key determinant of the optimal crop mix and, hence, the profitability of farming in the Mahakanumulla VTCS. Therefore, drought conditions lead to severe economic losses in this system, with year-round and seasonal droughts having the most significant impact. Water availability at the mid-stage is the most binding, resulting in a drastic reduction in crop cultivation in this area.

The following policy recommendations are proposed based on the conclusions of this study.

I. Develop drought risk profiles at the national level to capture risk and assess damage. Dry zone VTCSs face drought shocks which lead to drastic profit losses and food insecurity. The introduction of possible alternatives to mitigate profit losses, along with identified damages, is a viable solution.

II. Introduce buy-back market arrangements to the VTCSs. Resources can be used to maximum potential and profitability restored under extreme climate scenarios by introducing buy-back arrangements for maize and chili.

III. Discourage tobacco cultivation and introduce alternative crops. Though tobacco generates relatively high profits in cascade systems, it also causes tremendous soil loss and nitrate leaching compared with other alternatives.
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Appendix


TABLE 1 Model tableau for the baseline scenario (WS3).
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Yala Maha
Average yield kg/ha 3,700 4,000 7,000 7,000 16,000 16,000
Producer price LKR/kg 55 55 60 60 55 55
Total revenue LKR/ha 203,500 220,000 420,000 420,000 880,000 880,000
Fertilizer cost LKR/ha 35,721 35721 51,447 51,447 47,560 47,625
Cost of production (including LKR/ha 105,721 105,721 158,047 158,047 560,560 560,625
fertilizer cost)
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Agriculture research and production assistant (ARPA) data (2018-2019) and district survey office, Anuradhapura.
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Resource use coefficients of the constraint

Constraints? Maha Yala Resource Limits
Paddy Maize Vegetables Paddy Maize Vegetable Value  Units
Labor Hired Labor 13 35 100 13 35 100 <= 6000 Mandays
Family Labor 20 41 145 20 41 145 <= 9000 Mandays
Water September 1,121 <= 181,626 m?
October 1,549 440 627 <= 254479 | m’
November 1,203 769 1,032 <= 200,783 m’
December 1,156 1,110 1,800 <= 196,577 | m’
January 1,027 1,044 425 <= 171,891 m’
February 35 <= 145
March 1,022 <= 67,337 m?
April 1,628 21 591 <= 110268 | m’
May 1,532 942 1,262 <= 107,401 | m’
June 1,500 1,482 2,200 <= 109,884
July 1,625 1,560 759 <= 112,332 m?
August 393 <= 326 m?
Land Lowland - Maha 1 0 0 <= 97.21 ha
Highland - Maha 0 1 1 <= 1821 ha
Lowland - Yala 1 0 0 <= 97.21 ha
Highland - Yala 0 1 1 <= 1821 ha

*Units of constraint co-efficient for labor is mandays/ha and for water is m®/ha.
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(LKR/m?) (LKR/m3)  (LKR/m®)  (LKR/m?)  (LKR/m?) (LKR/m?)  (LKR/m®)  (LKR/ha)  (LKR/ha)
Ws1 1,200 3335 333 2,559.64 40.36 273.80
Ws2 1,200 2536 957 2,545.03 10.35 273.80
Ws3 4333 1,999.52 1.47 3272 176.04 826
WS4 043 43.18 1,998.16 225 3143 17552
Ws5 131274 225 3143 84,330 120,000
Ws6 466 2,667.67 40.13 24934 59,337
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