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Abstract

:

River deltas provide the most productive pastures in Central Asia. Simultaneously they are highly vulnerable to water inflow changes. The aim of this study was to conduct an economic assessment of the short- and medium-term effect of reduced water inflow on farmers’ performance within the Ili Delta. Primary data were collected through 35 interviews with farmers and additional experts in 2015. Production parameters for three types of individual farms were estimated and entered into a full cost accounting. Contribution margins were calculated for three scenarios: (I) sufficient water inflow (normal situation), (II) decreasing water inflow, and (III) significantly reduced water inflow (worst case). Farmers purchase hay to adapt to pasture production loss due to decreasing water inflow. This more than doubled the variable costs of worst case in comparison to normal situation for small-, medium-, and large-scale type of individual farm. Monte Carlo simulation indicates a risk of 74% (small-scale farm) and 3% (medium-scale farm) that already variable costs will exceed revenues. Despite their high fixed costs, only large-scale individual farms generate positive net farm income from operations in the worst case due to government payments from participation in elite bull program that account for one-third of total revenue.
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1. Introduction


Central Asia, including Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan, has the largest continuous grazing land in the world [1,2,3]. By far, most of this land consists of steppes, semi-deserts, and deserts [1]. River deltas like the Ili, Amu Darya, and Syr Darya likewise shape the landscape [4] and provide the most productive pastures in the vast drylands. The productivity of delta pastures depends on river water inflow and is therefore highly vulnerable to inflow changes [5].



Kazakhstan covers 2724.9 thousand square kilometers and is the world’s ninth largest country. It borders Russia to the north, Uzbekistan and Kyrgyzstan to the south, the Caspian Sea and Volga River to the west, and China as well as Tian Shan Mountains to the east [6]. Kazakhstan has a population of 18,431.5 thousand people [7] and a low population density of 6.68 inhabitants per square kilometer [8]. The republic is administratively divided in 14 regions and the cities Astana and Almaty. In 2016, 42% of the total Kazakh population lived in rural areas [9]. Approximately 80% of the total land area in Kazakhstan is used for agricultural production [10], including crops and livestock production. GDP accounted for USD 137.2 billion (KZT 46,971.2 billion) and the share of agriculture, forestry, and fishing sector was 4.6% [9]. Gross output of agricultural production was USD 10,761.9 million (KZT 3684.4 billion), with USD 4736.4 million contributed by animal husbandry [6,9]. In 2019, contribution of animal husbandry to gross agricultural product output was USD 5304.75 million and showed the same ratio of 44% as in 2016 [11].



Today, the Kazakh Ministry for Agriculture distinguishes three farm types within livestock sector by their legal status or juridical form, i.e., (1) legal entities, (2) individual farms, and (3) households. Legal or juridical entities have been designated as large-scale agriculture enterprises. The number of livestock on these farms ranges between a thousand and tens of thousands [12,13]. Agricultural enterprises could be state-owned or non-state-owned as joint stock companies, producer cooperatives, credit partnerships, and large agroholdings [13,14,15]. These legal entities were introduced in 1995 during the first stage of the privatization process of former collective farms—kolkhoz and sovkhoz—in Kazakhstan after collapse of the Soviet Union. Since 1990, the number of state-owned agricultural enterprises is declining, whereas non-state-owned farms are increasing [14,15]. Peasant or private farms, which have no legal entity status, are classified as individual farms [12,13]. Subsequent to the 1998 law of the Republic of Kazakhstan ‘On the Peasant Farm’, most farms of this group were founded at the beginning of the 2000s. The term ‘peasant farm’ does not refer to its classical meaning in rural sociology here. Toleubayev et al. [14] translated its broader Kazakh definition based on the 1998 law as “… a joint family labor union in which individual entrepreneurial activities are directly linked with the use of land for agricultural purposes to produce, process and market farm outputs” [14] (p. 360). This group is highly diverse with regard to farm scale and grazing strategies; their livestock numbers range between tens and thousands [12,13]. Due to their size of leased land with more than 500 ha and high livestock number, many are classified as large-scale farms. Peasant farms face reduced tax liabilities compared to agricultural enterprises that promote official registration for this farm type. Further, peasant farms are more flexible in kind of employee’s payment due to the application of simplified tax accounting schemes [14]. Hereafter, this type is termed individual farm in order to avoid misunderstandings regarding the farm terminology. The last group is households. They operate at small scale and keep small numbers of livestock [12,13]. Nevertheless, households had the highest share on gross output of agricultural production contributed by animal husbandry of rounded 66%, followed by individual farms and agricultural enterprises with almost the same portion of 18% and 16%. Kazakhstan totally counted 7438 thousand cattle, 2826 thousand horses, and 19,092 thousand small ruminants in 2019. Fifty-five percent of the cattle, 56% of the horses, and 47% of the sheep and goats were kept in households [11]. In total, 12,655 agricultural enterprises, including 66 state-owned farms, 190,120 individual farms, and 1,620,386 households, were registered in Kazakhstan in 2015 [13].



The Ili Delta—one of the largest natural river deltas in Central Asia [5,16,17]—is located in the Almaty region in the southeast part of Kazakhstan. Together with East Kazakhstan and Kostanai Region, it hosts half of the Kazakh meat producers and thus belongs to the three main important production areas [15]. The Almaty region showed the highest cattle stock of 1004 thousand heads in 2018 [18] and largest share on gross output of agricultural production by animal husbandry since 1990 except for 2007. In 2018 its share was 17% [19]. The Ili Delta offers highly productive pastures during most time of the year compared to semi-arid rangelands of that district. However, the pastures and other ecosystems depend on the Ili River’s runoff and therefore are highly vulnerable to water inflow changes. Melt water from the Tian Shan Mountains in China mainly feed the Ili, making it a transboundary river [5,20,21]. According to Nurtazin et al. [21], Ili is the most threatened river in Kazakhstan. Intergovernmental agreements on water consumption by China and Kazakhstan along the Ili River are insufficient. Irrigated agriculture in the past [22,23] as well as an expansion of agricultural areas along the river basin in China have led to a reduction of water levels in the river and delta [20]. Decreasing water levels threaten the continued existence of the ecosystems in the Ili Delta and Lake Balkhash [5,20,23,24] and could reduce the number of livestock that can be sustained by the delta region.



Pastoral farming in delta regions of Central Asia, in general, and their vulnerability against water inflow changes, in particular, are lacking of scientific analysis. Studies on livestock farmer and their adaption strategies in response to increased water levels are available for the Niger Delta and Lake Chad in Africa. In both cases, farmers apply a mobile pastoral system. They migrate to the delta and lake area in dry seasons when fodder and water is easily accessible there and move to surrounding pastures in rainy seasons [25,26]. Farmers of Lake Chad increase move distances to adapt to rising lake water levels. Within the lake area, fodder and water is accessible by low movements. If lake water rises, farmers leave the lake area and have to increase move distances to find fodder for their livestock [26]. The Niger Delta is an important fodder source for pastoralists during dry season. The availability of fodder depends on the flooding intensity. A weak flood could decrease fodder production by 40% compared to a high flood year [27] and reduces the number of cattle that can be sustained through delta pastures by the same portion [26]. Investigations of pastoral farming in Kazakhstan focus on semi-arid [28,29,30,31,32] and forest-steppe regions [33,34] where mobile livestock systems are applied. In contrast to nomadic pastoralism, which is typical for steppe regions [31], or transhumance, which is applied in mountain regions of Kazakhstan [33,34], in the Ili Delta a stationary system is possible because pastures are highly productive during most of the year [35].



A reduction of river runoff will first affect the direct water supply for people and livestock, and will then result in lower productivity of pastures as well as smaller areas of available pasture ground in the Ili Delta. The delta offers extensive pastures to livestock owners; however, the productivity varies according to (ground) water levels and is heterogeneous. How decreasing water inflow affect the extensive but highly variable system should be part of the present study. Lower productivity and less available pasture grounds could lead to a scarcity of suitable pastures and conflicts between farmers in the Ili Delta. Kept livestock could exceed the pasture capacity if farmer do not offer additional feed. In response to that, pastoralists could use alternative pastures as described by Usman et al. [26], irrigate usable areas, purchase animal feed (hay or compound feed), or reduce the stock number [35]. All named strategies cause additional costs to livestock owners.



When considering costs the time horizon of analysis is important. Economists distinguish short run and long run. Within the short run there is at least one input of production fixed, whereas in the long run all production inputs can vary. One year is a frequent used short run period in agriculture [36]. One pastoral farming year in this study is counted from birth of offspring, and beginning of the vegetation period in spring until the end of hay feeding and start of new vegetation period next spring. Fixed inputs are land and machinery. The long run is broadly defined as repetition of pastoral farming years whilst all production inputs can vary.



In contrast to the national trend, the majority of cattle and horses in the delta region are kept by agricultural enterprises and individual farms and not by households [37]. Economic effects of reduced water inflow are more severe to individual farmers, which mainly rely on natural fodder provision through delta pasture [35] than to agricultural enterprises that usually use high-quality feed like alfalfa from irrigated agriculture [12].



This study aimed to assess economic effects in the short run of decreasing water inflow on individual farms—as an important and the most affected farm type—in the highly productive and vulnerable Ili Delta. This implies the following research questions.



	
What revenues and costs are related to types of individual farms in the Ili Delta?



	
How do individual farmers in the Ili Delta adapt to decreasing water inflow?



	
In the short run, what are economic effects of short- and medium-term decreasing water inflow on individual farms in the Ili Delta?






In answering these questions, our study contributes to the understanding of stationary pasture farming in natural delta regions and their vulnerability against decreasing water inflow, which has been rarely addressed in the scientific literature until now. Short and medium adaption strategies of individual farmers are identified, and their effect on farmer’s contribution margin and net farm income from operations are estimated using a short run time horizon of one pastoral farming year. In the literature, adaptation strategies are studied primarily in the context of climate change and a long-term time horizon. Specific to delta regions is the high variability of water inflows and thus the productivity of pastures. Farmer must constantly adapt to compensate for short-term and interannual variability of pasture resources. In terms of short-term adaptation strategies and importance of hay markets, our results can be of relevance also for other pastoral farming systems.



The article has the following structure: Section 2 provides a detailed overview of the Ili Delta and explains the relationship between water inflow to the region and water level in the region and the availability of pasture for livestock farming. Subsequently, the section describes farm and primary production data collection and characterizes types of individual farm for economic assessment. Afterwards, results of the contribution margin and uncertainty analysis and estimates of net farm incomes from operations are presented and discussed. The paper concludes with main findings and further research needs.




2. Description of the Study Area and Research Methods


The Ili Delta is located at the eastern shore of Lake Balkhash in the southeast part of Kazakhstan. Administratively it belongs to the Almaty region and Balkhash County [23]. Bakanas is the administrative center of rural Balkhash County. However, the metropolitan Almaty City, with around 1.8 million inhabitants in 2019 [38], is quite close (325 km) and offers large markets for livestock as well as livestock product trading [35]. The total Ili River Delta has an extension of 8000 km2 and is one of the largest natural river deltas in Central Asia [5,16,17]. The productive wetland part covers around 4000 km2 [39].



Our study area included nine of the 15 village districts of Balkhash County, which are part of the river delta. The nine districts cover an area of 262,000 ha [35] and had a total population of 13,767 inhabitants in 2016. The population density of the study area was 6.1 inhabitants per square kilometer [40], which is as low as the average for the whole country [8]. Only 8400 ha of the total land is covered by settlements. The remaining area can be used as grazing land [40].



2.1. Pastoral Farming in the Ili Delta


Pastoral farming is one of the most important land uses and income sources in the rural study area [35]. Generally, keeping livestock is part of Kazakh culture and the self-sufficiency of rural people, providing meat. Additionally, livestock serves as living capital on pastures [28,30,31,35]. Reed (Phragmites australis) is the main fodder plant [5,35,41]. Pastoral farming in the study area is stationary farming with year-round use of the same or neighboring reed beds as pasture and haymaking areas [35]. Agriculture enterprises and individual farmers acquire their use rights for pasture ground mostly through 49-year lease agreements [13,31,35,41]. In total, 441 farm entities—including individual farms and agricultural enterprises—operated in 2015 [37]. Sheep and goats dominate the keeping of livestock by households and use common village pastures around settlements [35]. Households against the national trend kept only 26% of the total 39,067 head of cattle in the study area in 2015. Farm entities are dominated by cattle husbandry. In 2015, individual farmers and agricultural enterprises of the study area kept overall 29,019 cattle, 10,618 horses, 12,162 goats, and 12,181 sheep [37].



Beef is the main farm product, and is sold locally in settlements or at regional markets, e.g., in Almaty City. Mainly one- and two-year-old bulls are traded. Cows are used to increase stock. Because of limited refrigeration in the rural areas of the Ili Delta, the local beef demand is low in summer and high in wintertime. Sheep and goats are in demand all year round. They can be consumed quickly due to their relatively low weight. However, two-thirds of households kept livestock in 2015 and thus could cover a major portion of their own needs. Large-scale individual farms and agricultural enterprises with higher sales volume trade beef mainly at regional markets in cities, where demand is relatively high all year [35].



In 2013, a new strategy for agricultural development, Agribusiness 2020, was introduced by Kazakh President Nazarbayev within the long-term Kazakhstan–2050 strategy, which was announced in 2012 [42,43]. The strategy involves various programs to improve different agricultural sectors, such as meat and milk production [13]. Only the so-called elite bull program, which is meant to improve beef quality and increase beef production, was used by farmers of the Ili Delta in 2015 [35]. The core of that program is to improve beef performance and beef quality through breeding with so-called elite bulls. Elite bulls for this purpose were farmed and traded by huge feedlots across the whole country [13]. Farmers in the Ili Delta have been joining the elite bull program since 2014, after the Otes Bio Asia LLP feedlot near Bakanas opened. Sixty-three farmer entities—including individual farms and agricultural enterprises—participated in the program [40] and received payments for cows (USD 95 year−1 per head) and traded elite beef (USD 1.6 kg−1) in 2017 [13]. However, this was only a small share of the 469 farm entities operating in the same year [37]. The reasons are high purchase costs for elite bulls and low numbers of cows on most of the farms in the delta. The ratio is one elite bull per 30 cows according to the rules of that program. Furthermore, elite bulls have to be replaced every second year, in order to avoid inbreeding. Many farmers have fewer than 30 cows, which curbs their motivation to invest in an elite bull. Farmers in the Ili Delta mainly keep cattle of the Kazakh white-headed breed [35], an old local beef cattle breed that is well adapted to the strong continental climatic and changing feeding conditions [44]. All in all, the elite bull program discriminates against households and small- as well as medium-scale individual farms, and provides more advantages for large-scale individual farms and agricultural enterprises [13,35].




2.2. Water Inflow to Ili Delta and Lake Balkhash


For pastoral farming in the Ili Delta, water inflow is the limiting factor, which is driven by external factors. Directly, farmers need surface water to water their livestock in pastures. Indirectly, groundwater levels determine the composition of vegetation in the delta and therefore the quantity and productivity of pastures [35]. In the course of constructing Kapchagay Dam in 1969 and filling the Kapchagay Reservoir, the average annual runoff of the Ili River decreased by 22%, from 468 to 366 m3 s−1 in 1987 [20,21]. In 1988, the average flow rate rose to a slightly higher level of 489 m3 s−1 compared to the 40-year initial period and improved environmental conditions in the downstream Ili Delta [21]. After 1987, the inflow of the Ili River into the delta and Lake Balkhash increased, as illustrated in Figure 1.



The Ili Delta is subjected to seasonal and annual water inflow changes. Seasonal changes include annual water runoff fluctuations of the Ili River, which are highest in spring and winter and lowest in summertime [21]. Long-term inflow changes were caused by the construction and filling phases of Kapchagay Dam over several years. Thus, water inflow changes to the Ili Delta and Lake Balkhash are not new. In recent decades, expansion of irrigated agriculture along river branches [5,20,22,23] and variations of snow masses in the Tian Shan Mountains that feed the Ili River [46] have affected water inflow and threatened the use and productivity of delta pastures [5,35].




2.3. Linkage of Water Inflow and Reeds


The spread of vegetation depends on water inflow of the Ili River because of the arid climate, with lowest average temperatures of −7.1 °C in January and highest of 25.2 °C in July and low average precipitation of 241.3 mm year−1 [47]. Along the main river and channels, where groundwater levels are highest, vegetation is dominated by reed (Phragmites australis) as the main fodder plant for livestock keepers in the region [5,23,35,41]. Referring to Haeberlein & Kaiser [48], reed beds and grasses cover 11% (around 2900 km2) of the total delta area. At river branches and Lake Balkhash, reed beds are dense and submerged; with increasing distance from water sources, reed beds become non-submerged and less dense [5]. Groundwater levels in such areas are between 1.5 and 2.5 m [49]. If the groundwater level is lower than 2.5 m, reeds and grasses are replaced by herbs and shrub vegetation [5,23].



Figure 2 shows an overview of the Ili Delta and the most important land cover classes for pastoral farming in 2014. Farms are distributed along the shore of Lake Balkhash, rivers, and small water channels, where reed beds occur. According to satellite-based analysis of Thevs et al. [5], in 2014, water bodies (excluding Lake Balkhash) covered 1002.08 km2. Submerged dense reeds were spread over an area of 854 km2 (dark green area, Figure 2) and were not accessible for grazing or haymaking. The extent of non-submerged dense reed was 1263.78 km2 (light green area, Figure 2) and was the main important class for pastoral farming. These areas are highly productive and usable for grazing and haymaking. The largest area, with 1384 km2, was covered by open reed and shrub vegetation. At these sites, the water level is below 2.5 m [5] and reed productivity is low. Therefore, they are suitable for grazing but not for haymaking [5,35].



From the perspective of individual farmers that mainly used natural fodder provided by the delta, water levels for optimal operation are those that generate the maximum extent of non-submerged dense reed. Non-submerged reed beds can become submerged by seasonal floods. Because of short-term water inflow reductions, submerged reed beds can become non-submerged. If water levels decrease over a long-term period, groundwater levels will fall and highly productive reed vegetation will replaced by shrubs and desert herb species, which are not suitable for hay production [5,20]. Farm business as usual would become impossible in the region. Adaptation strategies would have to be implemented, which would affect the economic performance of individual farms [35].




2.4. Data Collection


We collected general information on pastoral farming through informative conversations with regional administrators in Bakanas and local administrators in five village districts: Karoy, Koktal, Akkol, Zhideli, and Balatopar (see Figure 2). Farm management and primary production data for contribution margin analysis and estimates of net farm incomes from operations were collected through 35 interviews with individual farms (8% of total farm entities as of 2015). Farm interviews were conducted in four of the nine village districts of the study area: Karoy, Koktal, Akkol, and Zhideli. Those four districts cover ~46% of the total pasture area [37]. Additionally, we received information on livestock and winter fodder management in the region through expert interviews with local veterinarians and hay traders. We conducted all interviews during the summer period from 24 July to 22 August 2015. An overview of interviews is given in Table S1 as Supplementary Material.



The survey included only individual farmers as an important farm type of and the most affected type by decreased water inflow to the Ili Delta. Farm interviewees were selected using snowball sampling. Snowball sampling is a method introduced by social scientists (see, e.g., in [50,51]). Recent studies have applied this approach to investigate hard-to-reach populations. According to Goodman [52], snowball sampling, or respondent-driven sampling, starts with an initial sample of people from the target population. Through this initial sample, the researcher obtains further contacts with people among the targeted hard-to-reach population. Each interviewee is asked for further contacts and therefore becomes a kind of research assistant [50]. The sampling design is based on the connections or social networks of people in hard-to-reach target populations [53].



We started our research directly in the administrative centers of the village districts. Local administrators, veterinarians, or villagers gave the first information about individual farmers and farm positions. Each interviewed farmer was asked to show the location of the next (neighboring) farm. The investigations in each village district were finished when no more farmers could be identified or reached for an interview. We conducted eight farm interviews in the village district of Karoy, nine in Koktal, seven in Akkol, and 11 in Zhideli. Semi-structured questionnaires were used to gather farm management and primary production data. The questionnaires included the following aspects [35].



	
Interviewee’s information



	
Livestock composition and detailed numbers



	
Pasture management, including pasture size and ownership structure



	
Sales and subsistence use of livestock per year, including market price information



	
Government program payments



	
Cost positions, such as veterinary and concentrated feed (kombi corn) costs



	
On-farm production or purchase of winter fodder



	
Water inflow changes, effects on pasture productivity and extent, adaptation strategies






To generate a database for qualitative and quantitative (mixed) data and for further data processing, farm interviews were digitized and structured in spreadsheets using Microsoft Excel 2016 [54].




2.5. Qualitative Characterization of Types of Individual Farms in the Ili Delta


To assess the impact of reduced water inflow on individual farmers’ performance, we established three farm types within the group of individual farms regarding their farm scale—small-, medium-, and large-scale. These three established types of individual farms are based on the collected interviews in the Ili Delta and do not refer to official classifications. Respondent farms belong only to the group of individual farms [12,13]. Referring to Ploeg [55] the farming style of examined farmers could be termed “low-external-input agriculture” [55] (p. 499). They follow the strategy of economical farming by minimizing external inputs—purchase of animal feed, commissioned work, and livestock purchase—and maximize utilization of internal resources. Especially categorized small-scale individual farms meet these criteria.



In contrast to single case studies for farms in each village district, we combined farm management and production data within the classified farm type without considering village affiliation to establish a more generalized impact assessment for the study area [56]. Table S2 of the Supplementary Material shows the number of categorized farms for the four investigated village districts. We applied distinguishing criteria for qualitative characterization of types of individual farms, which have implications regarding farm revenues and costs. Table 1 shows the characteristics of each type.



The herd composition, especially the number of cattle, was identified as the main criterion for differentiation. Different numbers of cattle require specific farm management practices and determine the possibility to participate in the government subsidy program (elite bull program). Local Kazakh administrations define individual farmers as livestock owners with a stock number of 10 head of cattle [57]. Based on the interview information, farmers need a minimum of 30 cows to be eligible to participate in the elite bull program [35]. Therefore, we set the thresholds for the group of small-scale individual farms as a minimum of 10 and a maximum of 30 head of cattle. Out of 35 farms in the study, 16 (46%) were classified as small-scale farms regardless their affiliation with a certain village district. A mixed stock composition is specific for this type of individual farm. Next to cattle as profitable livestock for production, farmers keep goats and sheep for their own consumption and trading. In rural villages of the study area, the demand for beef and livestock is low compared to urban areas. Almost no villagers have a cooling device, and they buy small amounts of beef (10–12 kg) during the warm period from May to September. Local demand is at its highest in the wintertime, when cooling devices are not necessary. Small-scale individual farms trade at the village level, because they do not attain large sales volumes. These farms only attain higher beef prices compared with sales prices in cities. On the other hand, such small numbers of cattle require a low mechanization level. Winter fodder is harvested by hand sickle. A car is necessary only for weekly stock control in pastures. Family members do all the work on the farm. Thus, this group also qualifies as family farms [35].



According to our research, the minimum stock number for individual farms that participate in the elite bull program was 82 cows, while the official limit for participation is 30. Only individual farms with high stock numbers can cover the cost of elite bulls every second year. In 2015, the purchase price for one elite bull of the Kazakh white-headed breed was USD 1848 (KZT 350,000) [57]. Consequently, we set the minimum threshold for large-scale individual farms at 80 head of cattle. We categorized five farms (14%) as large-scale. These big agricultural operations are specialized in cattle farming and in market-oriented commercial production. High sales volumes require trading at city markets in Almaty or Kapchagay and lower selling prices. Participation in the elite bull program means a high level of mechanization for this type, with modern tractors and harvesting technology as well as new stables. Based on our research, at least two employees are salaried, with fixed tasks. The employees are qualified specialists in cattle farming or machinery and often come from abroad [35].



For medium-scale type of individual farms, the minimum threshold was set at 31 head of cattle and the maximum at fewer than 80. We classified 14 farms (40%) as medium-scale. This group has a mixed stock composition of cattle, horses, goats, and sheep, like the small-scale farm type. However, the number of cattle is higher than 30 cows. Thus, they have the possibility to participate in the elite bull program, but do not take part due to the high purchase cost for elite bulls. Farmers use city markets for trading like large-scale farms because of low local demand and higher sales volumes. They use overaged tractor technology for winter fodder production. Based on the conducted interviews, farms have one salaried employee (mainly a shepherd) [35].




2.6. Contribution Margin Analysis and Estimates of Net Farm Income from Operations


In the first step, the economic performance of the three types of individual farms was assessed by contribution margin analysis, which is based on variable costs [36,58]. Further, net farm income from operations [36] was estimated by taking into account fixed costs for employed labor, leased land, buildings, and machinery. Our analysis focused on the short-run time horizon, that is, one year—from birth of offspring—and the beginning of the vegetation period in spring until the end of hay feeding and start of new vegetation period next spring. Monetary values were converted from the national currency, Kazakh tenge (KZT), to United States dollars (USD) using an exchange rate of 0.00528 from August 2015 [59]. We used the exchange rate from the month of data collection and before the drastic devaluation of KZT since September 2015 [60]. Contribution margins were estimated using averages of each farm type and are given in USD per stock for the base year 2015. Net farm incomes from operations also refer to farm-specific averages and are presented in USD for the base year 2015. The complete calculation procedure is shown in Table 2.



Farm revenues contain cash revenues and inventory changes for all farm types. Specific to small- and medium-scale individual farms is the value of own consumption, such as the farm’s internal consumption of beef and livestock, and specific to large-scale individual farms are government program payments as premiums for traded elite beef and cows. Calculations consider livestock that generates regular (annual) costs and revenues such as cattle, goats, and sheep. Horses, which attained the highest market prices—USD 5.28 kg−1 at local markets and USD 5.07 kg−1 at regional markets in 2015 [35]—were excluded due to irregular trading. Horses are kept on small- and medium-scale farms without additional hay feeding and are sold only in certain situations, such as weddings, enrollments, memorial services, or to raise money to purchase a car or build a house. In general, horses are considered as living capital in pastures [35]. Workhorses for completion of daily tasks are exceptions. They were accounted for in the contribution margins of medium- and large-scale farms. Occasionally, small- and medium-scale farms use cow’s milk internally, while large-scale farms specialize in beef production. As milk consumption differs substantially between interviewed farms and the local farm gate price was not available, the value of own consumption focuses only on beef and livestock consumption. Following the argument in [61], purchase prices provide more accurate estimates than farm gate sales prices. The latter could underestimate the value of internal consumption. The gathered data revealed that sales and purchase prices for beef and livestock are equivalent at local markets in the village districts. Therefore, the same prices were used for accounting of cash revenue and value of own consumption.



Variable costs are distinguished as independent of water inflow (veterinary, transport, kombi corn, and annual elite bull purchase) and dependent on water inflow (hay feeding for winter period). Labor costs were not considered. Employees at medium- and large-scale individual farms are salaried over a three-year period regardless of production level [35], consequently this is a fixed cost in short run [58].



Veterinary costs cover ear tags for livestock. Additional veterinary services are free of charge for all types of individual farm. Calves need two ear tags per head, lambs only one. In 2015, the price was USD 0.8 per ear tag across all farm types [35]. For transport costs, we accounted diesel consumption for weekly cattle stock control of small-scale farms and diesel consumption for beef trading at regional markets in Almaty City of medium- and large-scale farms. Based on the gathered data, stock control in a pasture using a car is solely done by small-scale farms. We considered two trips per week and 52 weeks a year. In summer and autumn, farmers control for cattle health, while in winter and springtime, ice covers of lakes and channels must be opened in order to maintain access to drinking water for cattle in pastures. Shepherds of medium-scale farms conduct stock control using workhorses and combine once a week control and daily pasturing of goats and sheep. A farm employee accompanies the cattle on large-scale farms during daily grazing by workhorse. An average distance of 325 km one way (total 650 km) was taken for transport of cattle to trade in Almaty City. For medium-scale farms, we set diesel consumption at 15 L per 100 km and two trips per year, with a maximum of four head of cattle transported. Trucks of large farm operations consume 300 L of diesel per trip. A capacity limit of 10 head of cattle per trip requires three trips a year for total annual sales. The average local diesel price was USD 0.5 l−1 in 2015 [35]. Costs for supplementary feed and elite bulls are incurred only at large-scale farms. Kombi corn is fed to workhorses year-round (365 days), with a daily amount of 1 kg per head. Cows get the same amount but only during the winter period (135 days). Farmers purchased kombi corn in Almaty at an average price of USD 0.2 kg−1 in 2015 [35].



Feeding costs consist of farm-specific annual hay demand and production or purchase expenditures. Costs for on-farm reed hay production at small-scale farms are based on diesel consumption and rental fees, whereas only diesel consumption for harvesting and transportation is accounted for on medium- and large-scale farms. According to our research, feeding expenditures vary depending on water inflow. We established three calculation scenarios to address different expenditure and water inflow levels. Detailed descriptions of all scenarios are given in the following section.



Table 3 shows the main calculation parameters for contribution margin—difference between total revenue and total variable costs—as averages of each type of individual farm in the Ili Delta. We chose farm-specific values to represent the characteristics of each type. Divergent management of farm types determine, for example, different breeding and rearing performance. Large-scale farms carry out breeding purposefully with elite bulls and therefore reach the highest calving rate of 90%. Medium- and small-scale farms use bulls of local breeds. Poor management leads to incest problems and low calving rates of 66% (medium-scale) and 75% (small-scale). The rearing rate of calves is almost 60%, mainly due to losses caused by wolves. Medium-scale farm shows a different rearing rate of 46% because shepherds employed for goats, sheep, and cattle are unaccompanied in pastures most of the year. In comparison, on family-run farms, cattle in pastures are controlled more carefully. Primary data for breeding and rearing performances of each type of individual farm is presented as Supplementary Material in Table S3. Price data were averaged regardless of established farm type, with the exception of on-farm production costs for reed hay.



In addition, the contribution margin ratio as an indicator of the importance of variable costs for small-, medium-, and large-scale farm was calculated using the following equation [62].


   Contribution   margin   ration     (  percent  )  =    contribution   margin    revenue    



(1)







In general, the ratio indicates the share of each dollar value of total revenue toward fixed costs and farmers’ profit [62]. The higher the contribution margin ratio, the less important the variable costs [63].



To estimate net farm income from operations, we considered fixed costs for employed labor, leased land, buildings, vehicle for stock control or beef trading, and machinery for reed hay harvesting. An overview of calculation parameters as farm-specific averages is shown in Table 4.



Costs for employed labor were considered for medium- and large-scale farm. Based on Chayanov [64], we did not choose a labor–cost approach for unpaid family workers at small-scale farm due to a lack of opportunity costs. We included 1 shepherd for medium-scale and two cowboys for large-scale farm that are employed permanently for the fulfillment of everyday tasks—grazing accompaniment, water and feed livestock, cleaning stable, repairs and maintenance of buildings and machinery—at a fixed monthly salary. Next to cash paid salaries, employees get additional goods (daily food and drink, cigarettes, and clothes) and services (free of charge accommodation) that are not included as labor costs. Skilled workers at large-scale farm receive a higher average salary compared with unskilled shepherd. Costs for leased land consist of total land as average of each farm type multiplied by an average leasing price of the study area of USD 0.29 ha−1 and year. Straight-line method was applied to calculate annual depreciation for farm buildings, vehicles and machinery using the following equation [36].


   Annual   depreciation    =    cos t  −  salvage   value     useful   life     



(2)







Gathered data contains only information on material costs inclusive material transport for stables with feed storages and houses for employees, as well as purchase prices for machinery that are used as costs. Assumptions are therefore necessary to specify salvage value and useful life of buildings and machinery. We assumed a useful life of 49 years for farm buildings as long as duration of leaseholds and a salvage value of USD 0. Construction and installation costs were not taken into account. Pasture fence is specific for large-scale farm type. Annual depreciation was calculated by material costs, a useful life of 5 years due to material-claiming weather conditions, and assuming no residual value. Ten percent of the purchase price was added for delivery fees and transport costs of new machinery that mainly comes from abroad—Russia or Kyrgyzstan. Useful life of 12 years for new hay harvesting technique and 15 years for new tractors was determined following the rule of thumb cited by [65]. Used tractors, trailers, and mowers belonged to the former state farms—sovkhoz—and were privatized after dissolution of the sovkhozes in the 1990s [29]. Based on our investigations, despite the age of the machines, small- and medium-scale type of individual farms are still handle and use it. Reasons are low supply and high costs of new technology. Further, farmers prefer known technique because it can be repaired and maintained autonomously [35]. For used vehicles, tractors and harvesting technique we assumed 6 years, and no residual value due to high repair costs for used technology after 6 years of utilization. Salvage values of new machinery at large-scale farm was estimated as percentage of purchase price in accordance to machine age using values provided by the American Society of Agriculture and Biological Engineers [65]. Therefore, we set 25% for tractor with 400 annual hours, 27% for mower, 23% for swather, and 25% for hay baler. Finally, we included annual taxes for vehicles and tractors based on farm type independent averages.




2.7. Calculation Scenarios


We established three calculation scenarios—normal situation, decreasing water inflow, and worst case—to address different feeding expenditures caused by adaptation strategies for reduced productivity and quantity of available reed beds in pastures due to decreased water inflow to the Ili Delta. Based on gathered data, variable winter fodder costs are directly associated with the availability of reed. Reed beds are year-round grazing grounds for livestock and necessary for on-farm, low-cost production of hay for the winter period of individual farms. Consequently, expenditures for hay as winter fodder are used as an economic indicator for water inflow changes. Only variable costs for winter fodder changed between calculation scenarios, while revenues, remaining variable costs, and total fixed costs were held constant. An overview of assumptions and calculation parameters is given in Table 5. Purchase prices for reed and alfalfa hay are averages of the study area and independent of farm type.



Calculation scenarios were derived from interview data. Under business as usual (normal situation) operation, hay is produced on-farm. Non-submerged dense reed beds are used for this purpose. The occurrence of such reed beds is linked to sufficient water inflow and a good connection to groundwater. Dense reed beds become sparse if water inflows to the region decrease and thus groundwater levels fall [5]. As an adaptation strategy, interviewed individual farmers buy hay from regional traders at high prices compared to on-farm production costs (see Table 6). We assumed for the decreasing water inflow scenario that individual farmers produce half of their annual hay demand on-farm and have to purchase the rest. To compensate for the reduced productivity and quantity of reed beds that are also year-round grazing grounds, farmers buy value-added alfalfa hay. Sparse reed beds will be replaced by open reed and shrub vegetation if (ground) water levels are low for several years. At such sites, groundwater levels are deeper than 2.5 m [5]. Interviewees reported such vegetation changes as a response to 3 years of decreasing water inflow (2013–2015). Open reed vegetation is unusable for on-farm reed hay production. The worst case scenario assumes perennially insufficient water inflow. On-farm winter fodder production becomes impossible. Individual farmers have to purchase all of their winter fodder. They purchase alfalfa and reed hay in equal shares due to the high cost of alfalfa. Production of alfalfa hay is limited to irrigation areas in Bakanas and Bakbakty, both at the margin of the delta. Only a small amount is traded annually, and prices fluctuate substantially when demand is high. Interviewed farmer faced such a situation in 2014 when the price of alfalfa hay increased from USD 0.1 to 0.14 kg−1 [35]. Purchase prices for reed hay seemed to be quite constant until 2015. We took into account an average purchase price of USD 0.1 kg−1 for alfalfa hay in the scenario of decreasing water inflow, USD 0.08 kg−1 for reed hay, and an upper bound value of USD 0.14 kg−1 for alfalfa hay in the worst case scenario.




2.8. Stochastic Simulation of Hay Prices


We assessed contribution margins by farm-specific averages and mean prices. To address uncertainties of collected data, Monte Carlo simulations were run to conduct a stochastic scenario analysis [66,67] for hay prices as the main important parameter of calculation scenarios. @RISK 7.5 Monte Carlo simulation software (Palisade Corp., Ithaca, NY, USA) was applied as an add-in for Microsoft Excel (2016). We defined a triangular distribution for purchase prices of alfalfa and reed hay in the decreasing water inflow and worst case calculation scenarios. The number of iterations was set at 10,000 [67]. Minimum, maximum, and mean were calculated based on gathered interview data (see Table 6).



Depending on farm locations in the Ili Delta and distances to local hay traders, individual farmers face different (local) prices. For alfalfa hay, two price ranges were used. Prices for the decreasing water inflow scenario indicate 2015 values. We used the price range of 2014, a high-demand year, to simulate the worst case scenario. Local prices rose due to a limited supply of and high demand for alfalfa hay. Primary 2014 prices were adjusted to 2015 due to inflation using a price change calculator [68]. For inflation changes, we fixed a period of August 2014–August 2015 as the main month of hay trading [35]. Probability distributions of contribution margins for worst case are graphically presented through relative frequency and cumulative distribution functions. Statistical parameters including range, mode, median, mean, standard deviation, and risk to generate a negative contribution margin for each farm type are shown. The graphic presents additionally the level of fixed costs. Based on simulation results, we indicated the risk of generating negative net farm incomes from operations. Finally, we recalculated net farm income from operations for each farm type in the worst case scenario by subtracting total fixed costs from mean and range of contribution margin. Figures S1–S3 of the Supplementary Material give graphical results of Monte Carlo simulation for the three types of individual farm in the decreasing water inflow scenario.





3. Results


3.1. Individual Farms and Adaptation Strategies for Decreasing Water Inflow


Farm interviews revealed three years of reduced water inflow to the Ili from 2013 to 2015. The impact on reed productivity and quantity differed between the four studied village districts, depending on the distance of districts and farms to river branches and water channels. Large distances lead to greater impact. Pastoral farming within the villages of Akkol and Koktal was already influenced by water shortage, which compromised the quantity and productivity of pastures. Both are located at the delta margin. Individual farmers who experienced water shortage impacts in pastures adopted the following adaptation strategies in 2015. Adaptation strategies can be distinguished in short-, medium-, and long-term regarding to time span and effect of decreasing water inflow on farmer’s pasture. As the effects of decrease water inflow on pasture are strongly dependent on the farm position within the delta, the differentiation should be understood as a guide but not as an absolute term. One to two years of decrease water inflow reduces productivity and extent of reed harvesting areas and results in short- and medium-term adaption strategies that mainly affect variable feed costs. A continued decline in water inflow into the Ili Delta over three or more years leads to a replacement of reed beds by shrub and desert species and requires long-term adaptions as reduction of livestock number.



The first short-term strategy was to use alternative haymaking areas. In general, farmers use haymaking areas close to their stables in order to keep transport costs low. Haymaking areas differ from grazed parts. Reed vegetation must be dense and tall for hay harvesting. Due to decreasing water inflows and sinking groundwater levels, these productive areas lose extent. They are concentrated closely along channels, where groundwater levels are higher. Farmers must accept longer transport routes and select harvesting sites at an early stage (May). In Akkol and Koktal, the decline of harvest areas led to competition among farms in 2015. If alternative sites were not sufficient to cover annual winter fodder demand, farmers started purchasing hay (mainly alfalfa) from regional traders in addition to reducing on-farm production. A complete purchase became necessary when no alternative haymaking sites were available due to the long distance from farms to river branches and water channels. Additionally, installing groundwater wells for watering livestock in pastures became necessary. The natural water sources that livestock usually use in pastures for watering became desiccated because of decreased water inflow. Long-term strategies are reducing livestock numbers, changing the farm location, and shutting down (commercial) farming.



In 2015, reduced water inflows affected 74% of interviewed individual farmers regardless of farm scale. Twelve farmers used alternative haymaking areas as the first short-term adaption strategy. A partly purchase of alfalfa hay was applied by six farmers. Eight farmers bought their entire annual hay demand [35] (Table 7).



No interviewed medium-scale individual farmer installed groundwater wells in response to reduced water inflow in 2015. This conspicuousness is due to the low number of interviews and the applied snowball sampling method to reach interview partners. Medium-scale farmers also stated during interview process that the installation of a groundwater well would be an adaption strategy if water inflow remains low. A further 13 individual farmers stated that they had to purchase part or all of their winter fodder in 2016 if water levels did not increase. Local governments recorded closure of 40% of farms in Balatopar district for the study year due to water shortage and pasture decline. A small portion of farmers migrated to a district near Lake Balkhash (Zhideli and Kuigan) to continue pastoral farming under better conditions. Pastures near the lake remained productive despite the decreasing water inflow. The migration to central parts of the Ili Delta or locations near Lake Balkhash was one of the final steps. People are deeply rooted to their home villages and do not want to leave. A large portion gave up pastoral farming and moved with only a small number of livestock to Balatopar village. Selling their stock means that farmers lose their living capital and further income opportunities. Besides the impact on their income, they are emotionally bound to their animals.



Only seven individual farmers, mainly in the Zhideli district, were not negatively affected and were able to continue their farm business as usual, including on-farm reed hay production. In this case, we found a short-term positive effect of decreased water inflow to individual farmers because previously submerged dense reed beds dried up and became accessible for grazing and haymaking. One farmer from Zhideli district started selling reed hay in 2014 due to increased demand. Compared to regional traders, he sold bundles (5–10 kg per bundle) instead of bales (around 200 kg per bale). The selling price of USD 0.14 kg−1 was higher than the average regional traders’ price of USD 0.08 kg−1 in 2015 [35].




3.2. Contribution Margin Analysis and Estimates of Net Farm Income from Operations


Contribution margins and net farm incomes from operations were estimated for the three scenarios of water inflow using averages for small-, medium-, and large-scale type of individual farms. Farm revenues, variable costs that are independent of water inflow and fixed costs remained constant over the scenarios. For small- and medium-scale farms, ~50% of total revenue refers to cash sales. Share of production for subsistence use of meat to total revenue is 30% for both farm types. The smallest portion of total revenue refers to increased inventory. Large-scale farm shows an almost equal distribution of cash revenue, elite bull program payments, and increased inventory to total revenue of ~30%.



The normal situation indicates contribution margins of USD 3795 year−1 per stock for small-scale, USD 12,941 year−1 per stock for medium-scale, and USD 48,625 year−1 per stock for large-scale type of individual farms. Moreover, for business as usual, the production cost for reed hay is the highest. The cost of on-farm reed hay production contributes to total variable costs by around 50% for small-scale, 96% for medium-scale, and 67% for large-scale farm. Next to hay production, transport for stock control in pastures, which is a characteristic of small-scale type, generates the highest cost for this farm type (~47% of total variable costs).



If farmers purchase part of their hay as an adaptation to pasture changes because of decreasing water inflow, contribution margins for decreasing water inflow are reduced by 45% for small-scale, 34% for medium-scale, and 24% for large-scale individual farm compared to the normal situation. The loss of contribution margin is highest for small-scale individual farm, which generate the lowest on-farm production cost of USD 0.02 kg−1 in normal situation.



According to our research, purchase of all annual winter fodder (50% reed and 50% alfalfa hay) increases total variable costs in the worst case scenario by around 230% for small-scale, 255% for medium-scale, and 117% for large-scale individual farm compared to the normal situation. Variable costs exceed revenues of small-scale farm and generate a negative net farm income of USD −71 year−1 per stock. Despite the high cost of hay fodder, medium- and large-scale farm show positive contribution margins but at a significantly lower level (Table 8).



Contribution margin ratios for the three calculation scenarios and three types of individual farms are shown in Figure 3. The ratio is an indicator of the importance of variable costs. All types show a similar ratio of around 70% in the normal situation where on-farm reed hay production is possible. In the worst case, the ratio for small-scale type is negative. The ratio points out that only 18% (medium-scale) and 30% (large-scale) of each unit sale (or consumed) contributes to fixed costs and farmers’ profit; 82% (medium-scale) and 70% (large-scale) of total revenue are needed to cover variable costs.



Fixed costs remained constant over the calculation scenarios. However, variable feed costs increase over the scenarios and determine how much of total revenue remain to cover fixed costs as indicated by the contribution margin ratio. The share of fixed costs substantially rises with increasing farm scale. Total fixed costs are USD 550 year−1 for small-scale, USD 3923 year−1 for medium-scale, and USD 13,856 year−1 for large-scale type of individual farm. Employed labor for medium- and large-scale farm contributes highest portion to total fixed costs, followed by annual depreciation of vehicles and machines. For small-scale farm, around 80% of total fixed costs refer to annual depreciation of car for stock control. Family member managed and operated their farm completely by themselves, with no employed labor and low fixed costs for leased land and stable (see Table 9).



Net farm income from operations in normal situation is USD 3245 year−1 for small-scale, USD 9018 year−1 for medium-scale, and USD 34,769 year−1 for large-scale farm. In decreasing water inflow scenario, all three types of individual farms are able to cover fixed costs. Only large-scale farm generates a positive net farm income from operations in the worst case scenario. If all winter fodder is purchased the remaining smaller farm types cannot cover total fixed costs.



The complete calculation spreadsheets of contribution margin, contribution margin ratio and net farm income from operations for the three types of individual farm can be found as Supplementary Material Tables S4–S6.




3.3. Stochastic Simulation of Hay Prices


Monte Carlo simulation was applied to address price ranges of alfalfa and reed hay in the decreasing water inflow and worst case scenarios. The rice company in Bakanas is the only alfalfa hay trader within the delta region. Alfalfa hay is a byproduct. Peripheral areas of irrigated land for rice production are used for cultivation. Local prices include transport cost, which rises as the distance to the production site increases. Thus, individual farmers in village districts of Akkol or Koktal faced lower prices (2015 mean, USD 0.09 kg−1) than farmers in districts farther away such as Karoy and Zhideli (2015 mean, USD 0.1 kg−1) [18]. Due to the limited alfalfa area and the monopoly position of the rice company, prices rise drastically when alfalfa demand increases. We took such a drastic price increase in the worst case scenario (range USD 0.1–0.18 kg−1) into account. Monte Carlo simulation gives a broader view of possible outcomes than contribution margin analysis and net farm income estimations based on averages.



Figure 4 and Table 10 give graphical and numerical results of Monte Carlo simulation of each type of individual farms in the worst case scenario where contribution margins and net farm incomes from operations are lowest and the probability of generating negative values is highest. If price ranges are included, mean and mode contribution margins are lower for all farm types in worst case (Table 10) compared to average calculation (Table 8). The same applies to net farm incomes from operations. The risk of generating a negative contribution margin is 74.4% for small-scale farms and, as expected, the highest risk compared with other farm types. For medium-scale farms, Monte Carlo simulation indicates a marginal risk of 2.6% that revenues cannot cover total variable costs in the worst case scenario. For large-scale farms, the probability is zero. Taking fixed costs into account the risk of generating negative net farm income sharply declines with increasing farm scale. The risk is 98.3% for small-scale, 88.8% for medium-scale, and 5.8 for large-scale farms. Excluding elite bull program payments, large-scale individual farm generates a low average contribution margin of USD 2425 year−1 and stock in the worst case. The contribution margin ratio would be reduced to 5%. That means that without government payments, large-scale farm needs on average 95% of revenue to cover variable costs. If we additionally address hay price ranges by Monte Carlo simulation, there is a 44% risk that variable costs exceed revenues in the worst case scenario. If also fixed costs are taken into account, the risk of generating a negative net farm income of operations rises to 100% (see Supplementary Material Figure S4).





4. Discussion


The aim of the study was to assess the economic effects of decreasing water inflow on individual farms in the Ili River Delta using an analytical short run time horizon that refers to one pastoral farming year. According to our knowledge, no comparative study has been conducted in delta regions of Central Asia. A comparison of economic results is therefore impossible.



However, Morand et al. [25] reported fodder production losses of livestock farmers and herders in the Niger Delta. Like the study area, the Niger Delta—located in the African state of Nigeria—is a fragile hydrological system, which faces high variations in the seasonal and annual water runoff. It is the leading area for Mali’s livestock farmers due to high productive pastures up to eight month a year. In contrast, farmers apply a mobile system by leaving delta region during flood season in July and migration to the delta pastures in November or December. Fodder availability depends on the flooding intensity. A weak flood could reduce fodder production by 40% compared to a high flood year [25,27]. Usman et al. [26] studied the implications on lake water changes on pastoralists in the Nigerian portion of Lake Chad. Pastoral farmer adapt to changes of Lake Chad by varying move distances. Within the lake area fodder and water is easily accessible and farmer reduce movements. If lake water rises, farmer leave the lake area and have to increase move distances to find fodder [26]. The major difference to farmers in the Ili Delta is the mobile pastoralism. Studied individual farmer apply a stationary system with leasing contracts for pastures of 49 years. A variation of move large distances is therefore not a suitable adaption strategy. Nevertheless, the interviewer reported changing distances to find alternative haymaking areas in respond to decreased pasture productivity by reduced water inflow.



Kerven et al. and Robinson et al. [31,32] address the Chu River floodplain in the Dzhambul region of Kazakhstan, located at the western border of the Almaty region and southeast of Lake Balkhash, as grazing ground of local pastoralists. Reed (Phragmites spp.) of the Chu River floodplain is used for year-round grazing for cattle and hay for the winter. We found further similarities of pasture characteristics at Chu River, reported by Kerven et al. [31], and the Ili River Delta. In floodplain pastures, there is free access to water for watering livestock. Farmers and livestock owners do not fully rely on wells as they do in semi-arid or arid pastures. Major problems include the presence of insects in spring and summer and the risk of wolf attacks, notably in autumn and winter. Reed beds offer good privacy screens for wolves, so they can stay close to livestock [31]. The rearing performance according to interviewed individual farmers in the Ili Delta was reduced by 37–54% for calves, 26–50% for kids, and 30–68% for lambs, mainly due to livestock losses from wolf attacks [35].



4.1. Adaptation Strategies and Economic Effects of Decreasing Water Inflow on Individual Farms


Farm interviews revealed a decrease in water inflow to the Ili Delta between 2013 and 2015. Water level data of Lake Balkhash also show a general downward trend for the mentioned period (compare Figure 1). Using alternative haymaking areas and purchasing hay were the most common short- and medium-term adaptation strategies for loss of pasture productivity and extent due to reduced water inflow in 2015. These strategies were used across all types of individual farmers. Depending on the distance of districts and farms to river branches and water channels, the impact of reduced water inflows on pastures differed between the four studied village districts. Reed beds within districts at the delta’s margin (Akkol and Koktal) showed reduced productivity and quantity as effects of decreased water inflow. Farmers in Karoy and Zhideli, close to Lake Balkhash, did not suffer any pasture losses. Formerly submerged dense reed beds dried up and became accessible for haymaking and grazing [35]. The highest occurrences of extended reed beds are in the delta’s core zone and near Lake Balkhash, where groundwater and water levels are higher [5]. Thus, pastures of margin districts are more vulnerable to decreasing water inflow than reed beds of the core zone. In a dry year or period, the location for optimal pastoral farming is close to the delta’s core zone. In contrast, this production location would be most vulnerable in a wet year or period, when reed beds become submerged and unusable for haymaking or grazing. The optimal location for farm businesses would be at the margin of the delta. Adaptation strategies such as using alternative haymaking areas and purchasing winter fodder could also count for flood years when submerged reed beds are not accessible for grazing and haymaking.



We measured the economic effect of decreasing water inflow in the short-term—referring to one pastoral farming year—by an increase in feed costs. Our calculations indicate that farm scale of the examined individual farmers is important to determine whether farmers could cover higher costs for winter fodder compared to on-farm reed hay production. Feed costs are the highest overall in the calculation scenarios. Even on-farm production generates the highest variable costs in the normal situation. In the short run, small-scale farm is most sensitive and large-scale farm is the most resilient to covering costs for partial (decreasing water inflow) or complete (worst case) purchase of hay. Even a deduction of variable costs in the worst case scenario results in a negative contribution margin for small-scale farm. Monte Carlo simulation that gives a wider spectrum of possible outcomes by addressing varying hay prices indicates the highest risk to generate negative contribution margin of ~74% and negative net farm income from operations of 98% for small-scale farm. This corresponds to statements by interviewed family farmers. They reported that hay is expensive and exceeds received revenue [35]. However, we expected, when accounting for fixed costs, the performance of large-scale type would be more sensitive to increasing hay cost. Due to the reason that large-scale individual farm faces the highest fixed costs as employed labor and depreciation for new stable and machinery, these farms might be more seriously affected by reduced water inflow than small-scale individual farms. Against our expectations and despite highest fixed costs of USD 13,856 year−1, large-scale type of individual farm generates positive net farm income from operations and shows the lowest risk of 5.8% for generating negative values in worst case scenario. Based on our calculations, large-scale farm can only compensate for the additional costs of buying hay by receiving governmental program payments that account for one third of annual total revenue. If government program payments—USD 95 per cow and year, and USD 1.6 per traded kg elite beef—and related annual costs for elite bulls—USD 924 per elite bull [57]—were excluded, the average contribution margin of large-scale individual farm drops to USD 2425 year−1 per stock in the worst case, which represents a loss of 89%. Monte Carlo simulation shows a 44% risk that variable costs exceed revenues (Supplementary Material Figure S4). After deduction of fixed costs, average net farm income from operations is USD −11,431 year−1. Risk of generating negative net farm income rises to 100%. That means that subsidy payments strongly support the large-scale contribution margin and net farm income from operations. Changes of subsidy amounts from the elite bull program affect the calculated robustness against rising hay costs. In 2019, annual premium payments for cows were downgraded to USD 26 [69]. This reduces the revenue from government program payments and additionally the robustness against raising hay prices.



In 2015, the elite bull program discriminates against small- and medium-scale individual farms because of the ratio of one elite bull per 30 cows and high costs for elite bulls every second year. That curbs motivation of these farmers to invest in an elite bull. Two thousand nineteen, the ratio was revised and its now one elite bull per 25 cows. Further, high purchase costs of an elite bull could be subsidized [69]. Consequently, also smaller farms will have the possibility to participate in the program and bear the costs for the elite bull.



Following the strategy of “low-external-input agriculture” [55] (p. 499) studied individual farmers firstly try to find alternative haymaking areas when pastures are affected by decreasing water inflow, and try to avoid the use of external input (partly or complete purchase of hay). Small-scale individual farms have an advantage to use remote haymaking areas due to their relatively low annual hay demand and low mechanization level. They cut reeds by hand sickle and thus can reach impassable areas. Medium-scale and large-scale type of individual farms have a higher annual hay need. Mechanized haymaking makes them less flexible in the field than small-scale type. However, based on our economic assessment only large-scale individual farm is robust against rising feed costs through governmental payments of the elite bull program.



Increasing feed costs due to pasture productivity and quantity losses as a result of decreasing water inflow threatened small- and medium- scale type of individual farm and induced an advantage for large-scale businesses that participate in the elite bull program in the Ili Delta in 2015. We feared a reduction in livestock and farm closures at small- and medium scale, as mentioned for the margin district Balatopar. These type of individual farmers face a lack of employment alternatives in the rural study area, which additionally threatens their existence in the future. The closing of small- and medium-scale type of individual farms as meat suppliers for local and regional markets may endanger food security, also across the borders of the Ili Delta [35]. Next to the uncertainties of future water inflow as a result of expanded water use along the upstream branches of the Ili River in Kazakhstan and China [20,22,23], pastoral farming in the delta region faces new challenges such as the reintroduction of the tiger [70].




4.2. Method Limitations


Method limitations arose in addition to the limited database and devaluation of the local currency since 2015. The contribution margin analysis does not account for horses of small- and medium-scale farms because horse husbandry does not generate regular costs and revenues; the exception is workhorses. Nevertheless, horses are living capital that could be spent in urgent cases, such as to purchase hay for the winter. Estimations of consumed units at small- and medium-scale farm are lower-bound values because they refer only to livestock and beef consumption. We did not account for milk consumption due to lack of farm gate prices and substantial differences in use. According to Chibnik [71], consumed units at farms could be measured by selling or buying prices. Regarding our data, selling and buying prices for livestock and beef at local village markets are equivalent. Therefore, we estimated cash revenues and value of own consumption of small- and medium scale farm based on the same local average prices. Accounting for consumed units at farms does not require that livestock and beef would be equally demanded at local markets when on-farm production declines [71]. The interviews showed that demand falls if on-farm production drops.



The short- to medium-term effects of reduced pasture productivity and quantity because of decreased water inflow were economically measured by rising hay costs using a short run horizon. Revenues, remaining variable costs, fixed costs, and annual hay demand for farm types were held constant over calculation scenarios. We presumed that loss of productivity and quantity of pastures, which are year-round grazing grounds, would have stronger economic implications in terms of farm performance in the short run than the results show. If the annual amount of hay remains constant and pasture productivity and quantity are reduced, a decrease in livestock weight is expected. This would diminish the cash revenue received for livestock and beef sales. In particular, beef sales would be affected because cattle are sold according to their meat weight. To maintain livestock weight in the decreasing water inflow scenario, but especially in the worst case, farmers have to compensate weight losses by increasing the feed amount of hay, expanding the hay feeding period, or a combination of both. Further, farmers could invest in supplementary feed such as kombi corn (small- and medium-scale individual farms) or increase the feed amount (large-scale individual farms). These compensation strategies would increase variable costs for feed. Thus, reduce contribution margins and net farm incomes from operations. The obtained data do not provide sufficient information to account for compensation strategies of livestock weight, particularly in the worst case. Moreover, local veterinarians recorded an increase in livestock diseases such as eye inflammation and respiratory tract infections in cattle during the dry period from 2013–2015. Veterinary services for Kazakh farmers have been free of charge since 2013 [35]. However, farmers have to pay for any required medicine. Our calculations consider only ear tags as a veterinary cost. Based on veterinarians’ statements, a higher disease rate and thus medicine cost should be assumed in the worst case. These would increase variable costs as well and further reduce the contribution margins and net farm incomes from operations of individual farms.



Due to lack of data for fixed cost accounting, author’s assumptions had to be made for salvage values and useful life of farm buildings, vehicles and machinery to calculate annual depreciation. We applied straight-line method that used an equal annual depreciation over the asset’s useful life. Especially the market value of new machinery will fall more in the first than in later years. Application of depreciation method of declining balance would be more applicable and a long run time horizon of economic assessment [36].



We collected primary production data as well as one-time prices and prices before the devaluation of the national currency, Kazakh tenge, in 2015 [60]. The investigation year was part of a three-year dry period. Since the flood in 2016, water levels have risen to pre-decline levels (compare Figure 1). A broader database is required to improve the economic assessment and understand the application of adaptation strategies of individual farmers in flood years or periods. Research into medium to long-term adaptation strategies of individual farms in the Ili Delta including a long run economic assessment, such as a net farm income or return to labor analysis, would be a promising extension of our research. Referring a long run time horizon, a variation of fixed costs would be possible. In particular, employed labor and depreciation of reed harvesting machinery contribute highest share to total fixed costs in short run. The duration of employment contracts for salaried shepherd at medium-scale and cowboys at large-scale type of individual farm is three years [35]. Toleubayev et al. [14] reported also a permanent employment of workers at Kazakh individual or peasant farms to motivate employees and to maintain farm buildings as well as machinery. Considering the contract duration, the long run should count for more than three years to vary costs for employed labor. Medium- and large-scale farm could reduce costs by terminating employees. Additionally, machinery for reed harvesting could be sold if water inflow remains low and on-farm hay production becomes impossible. The sale of machines could further strengthen the advantage of large-scale farm in the long run.



The present study focuses only one farm type of the Ili Delta. Further investigations should also address the role of agricultural enterprises and households in local pastoral farming, their impact on water and pasture use, and their vulnerability to changes in water inflow. Agricultural enterprises as large-scale individual farms could have same advantages to be robust against increasing feed costs due to the receipt of government payments. In general, uncontrolled effects that change production environment—as decreasing water inflow—could limiting the specialization benefits of large farm operations [72]. Due to governmental program payments, large-scale individual farms can compensate high feed costs. In contrast to agricultural enterprises of the Ili Delta, that use high-quality feed from irrigated agriculture [12], examined large-scale individual farmers mainly based on natural fodder provision by the delta and are therefore more vulnerable to water inflow changes. The calculated net farm income from operations only accounts for taxes of vehicles as well as tractors and generally represent net farm income from operations before taxation [36]. Advantages of reduced tax liabilities of individual farms compared to agricultural enterprises [14] should be included by estimating net farm income from operations after taxation.





5. Conclusions and Further Research


The study shows that decreasing water inflow leads to a reduction of pasture productivity and quantity. Individual farmers of the Ili Delta adapt to pasture reduction in the short- and medium-term by purchasing winter fodder (hay). Increased feed cost significantly reduces contribution margins and net farm income from operations in short-run economic assessment. In contrast to small- and medium-scale farms, large-scale type of individual farm are robust against rising feed costs because of participation in the elite bull program and receipt of government payments.



Data of the study are based on one interview campaign in 2015 at the end of a three-year dry period and before the devaluation of the national currency. Investigations were done for individual farm type as an important and most affected farm type of changing water inflow. Applying a short time horizon of one pastoral farming year for contribution margin analysis and estimations of net farm income from operations only allows measuring economic effects of short- and medium-term adaption strategies to decreasing water inflow. The following considerations can be made to expand our economic assessment and research on pasture farming under changing water inflow to the Ili Delta.



In the past, years of reduced water inflow were followed by years of increased water inflow, creating multiannual fluctuations. In 2016 after a three-year dry period, a large part of the Ili Delta was flooded. The following three years show a noticeable increase in water inflow. This eases the financial situation for smaller farmers, but also brings new uncertainties. Under sufficient water inflow, pastures of the Ili Delta are highly productive in contrast to semiarid rangelands in the Almaty Region and therefore interesting production grounds for new farmer. Since 2015, the number of operating farms in the Ili Delta and Balkhash district is slightly increasing. However, in the long run, a reduced water inflow into the Ili Delta is expected. In such a scenario of continuously decreased water inflow, small- and medium-scale individual farmers at the margin of the Ili Delta in particular will have to reduce livestock significantly or shutting down (commercial) farming. The lack of education and employment alternatives for these farmers threatens their existence in the longer future. Large-scale individual farm could force out small- and medium-scale farm type because of its higher economic robustness against increasing feed costs. This robustness based on governmental payments that account for one third of total revenue. Nevertheless, under the Agribusiness 2020 there are always changes in the programs that could reduce or enhance calculated robustness of large-scale individual farms. The changes in the political context and in subsidy payments should be focused by further studies. Continuing investigations are necessary to evaluate the role and advantage of large-scale individual farmer under changing water inflow, and their possible crowding out effect to smaller scale individual farms. Already in 2015, individual farms and agricultural enterprises despite the national trend of prevailing households dominate pastoral farming in the Ili Delta. The closing of small and medium individual farms as important meat suppliers at local markets may endanger food security, also across the borders of the Ili Delta. Further research is needed to capture the threat to livestock farming and thus to local and regional food security. Economic assessment should be extended to seasonal flood events as well as flooding periods. Hay purchase could also be used as an adaptation strategy in flood years when reed beds are flooded and not accessible for grazing and haymaking. For a total impact assessment of water inflow changes to pastoral farming, investigations should also focus agricultural enterprises and households as remaining farm types of the Ili Delta.
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Figure 1. Water levels expressed in m above sea level (m a.s.l.) of Lake Balkhash (black) and Kapchagay Reservoir (gray), 1992–2019 (own presentation based on data by the authors of [45]). 
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Figure 2. Overview of Ili Delta. Locations of 16 individual farms based on 2015 interview campaign (red pins, N = 16), other individual farms and agricultural enterprises (dark red dots, N = 310), and villages (red areas, N = 9). Land cover classes for 2014 based on the work in [5]. 
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Figure 3. Contribution margin ratios for three types of individual farms in the Ili Delta under the three calculation scenarios: normal situation (light gray), decreasing water inflow (gray), and worst case (black). 
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Figure 4. Relative frequencies (histograms) and cumulative probabilities (curves) of contribution margin for worst case scenario based on Monte Carlo simulation with 10,000 iterations: (a) small-scale, (b) medium-scale, and (c) large-scale type of individual farms. Vertical dashed lines indicate 90% of relative frequencies. Points (●) on cumulative probability curves indicate contribution margin of zero and a 74% (a) and 3% (b) risk that revenues cannot cover variable costs. Rhombuses (⧫) mark total fixed costs. 
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Table 1. Characteristics of three types of individual farms in the Ili Delta [35].
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	Attribute
	Small-Scale

(n = 16)
	Medium-Scale

(n = 14)
	Large-Scale

(n = 5)





	Livestock

Number of cattle
	Mixed herd

10–30
	Mixed herd

>30 and <80
	Cattle specialization

≥80



	Government program

(elite bull program)
	Excluded from participation
	No participation
	Participation



	Sales market
	Local (village)
	Mainly national (cities)
	Only national (cities)



	Level of mechanization
	Low
	Medium (overage)
	High (modern)



	Employees
	None (family-managed)
	One (shepherd)
	At least two (cowboys)
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Table 2. Calculation procedure for contribution margin and net farm income from operations in short run (adapted from the work in [36,58]).
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Item

	
Calculation






	

	
Revenues




	
1

	
Cash revenue

	
Traded units (beef/livestock) × sales price




	
2

	
Value of own consumption

	
Farm-consumed units (beef/livestock) × sales price




	
3

	
Inventory changes

	
Increase/loss of livestock × sales price




	
4

	
Government program payments

(elite bull program)

	
Large-scale farm, premium payment for traded elite beef + annual support for cow + annual elite bull sale




	

	
Total revenue (TR)

	
Sum of 1–4




	

	
Variable costs independent of water inflow




	
5

	
Veterinary costs

	
Ear tags × purchase price




	
6

	
Transport costs

	
Diesel consumption for stock control/trading × diesel price




	
7

	
Kombi corn 1

	
Supplementary feed large-scale farm, annual amount × purchase price




	
8

	
Cost for elite bulls

	
Large-scale farm, number of elite bulls × annual purchase price




	

	
Variable costs depending on water inflow




	
9

	
Feed costs (hay for winter period)

	
Annual hay demand per stock × on-farm production costs 2 or purchase price




	

	
Total variable costs (TVC)

	
Sum of 5–9




	

	
Contribution margin (CM)

	
TR-TVC




	

	
Fixed costs




	
10

	
Employed labor

	
Number of employees × average monthly salary × 12 months




	
11

	
Leased land

	
Total land × average leasing price




	
12

	
Buildings 3

	
Annual depreciation using straight-line method




	
13

	
Vehicles and machinery 3

	
Annual depreciation using straight-line method + annual taxes for vehicle and tractor




	

	
Total fixed costs (TFC)

	
Sum of 10–13




	

	
Net farm income from operations (NFIO)

	
CM-TFC








1 Corn mix of maize, wheat, barley, and other components [35,41]. 2 Including diesel consumption for harvesting and transportation, excluding labor and machinery costs. 3 Without consideration of repairs and maintenance costs.
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Table 3. Main calculation parameters (averages) for contribution margin analysis for three types of individual farms in the Ili Delta for base year 2015.
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Item

	
Unit

	
Small-Scale

	
Medium-Scale

	
Large-Scale






	
Livestock




	
Cattle (cow)

	
Head

	
21 (15)

	
57 (47)

	
140 (120)




	
Goat (nanny goat)

	
38 (24)

	
67 (57)

	
–




	
Sheep (ewe)

	
36 (17)

	
57 (47)

	
–




	
Workhorse

	
–

	
2

	
2




	
Breed1




	
Calves

	
Head

	
7

	
14

	
68




	
13

	
32

	
–




	
Kids

	
5

	
28

	
–




	
Lambs




	
Sales




	
Meat weight cow

	
kg per head

	
159

	
165

	
240 2




	
Meat weight bull (quantity)

	
kg per head

	
81 (4) 3

	
159 (7) 4

	
170 (16) 4




	
Beef

	
USD kg−1

	
5.1 5

	
4.4 6

	
4.4 6




	
Goat (quantity)

	
USD per head

	
92.4 5 (8)

	
92.4 5 (17)

	
–




	
Sheep (quantity)

	
USD per head

	
158.4 5 (2)

	
158.4 5 (20)

	
–




	
Subsistence




	
Beef

	
kg year−1

	
159 (cow)

	
495 (3 cows)

	
–




	
Goat

	
Head year−1

	
5

	
15

	
–




	
Sheep

	
Head year−1

	
3

	
8

	
–




	
Inventory change




	
Cow

	
Head (USD per head)

	
+2 (502)

	
+4 (502)

	
+34 (502)




	
Bull (meat weight 130 kg)

	
Head (USD kg−1)

	
+16 (4.4)




	
Elite bull program




	
Premium cow

	
USD year−1 per cow

	
–

	
–

	
95




	
Premium elite beef

	
USD kg−1

	
–

	
–

	
1.6




	
Annual price for elite bull

	
USD year−1 per bull

	
–

	
–

	
924 7




	
Winter fodder hay




	
Feeding period

	
day

	
120

	
148

	
135




	
Cattle

	
kg day−1 per head

	
10

	
10

	
20




	
Goat

	
kg day−1 per head

	
2

	
3

	
–




	
Sheep

	
kg day−1 per head

	
2

	
3

	
–




	
Workhorse

On-farm production 8

	
kg day−1 per head

USD kg−1

	
–

0.02

	
9

0.03

	
18

0.04








1 Based on farm-specific calving and rearing rates, balanced gender ratio. 2 Average meat weight of Kazakh white-headed cow [44]. 3 One-year-old bull. 4 Two-year-old bull. 5 Average sales price as mean of all farms at local Ili Delta market. 6 Average sales price as mean of all farms at regional Almaty City market. 7 Based on purchase price of USD 1848 for Kazakh white-headed elite bull in 2015 for two years [57]. 8 Diesel consumption for harvesting and transportation, excluding labor and machinery cost.
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Table 4. Calculation parameters (averages) for fixed costs of three types of individual farms in the Ili Delta for base year 2015.
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Item

	
Unit

	
Small-Scale

	
Medium-Scale

	
Large-Scale






	
Employed Labor




	
Employee(s)

	

	
-

	
1 (shepherd)

	
2 (cowboys)




	
Salary

	
USD per person and month

	

	
174

	
317




	
Leased land




	
Total area

	
Ha

	
334

	
443

	
917




	
Stable including feed storage




	
Material costs

	
USD

	
713

	
1716

	
2244




	
House for employee(s)




	
Material costs

	
USD

	
-

	
2112

	
2112




	
Pasture fence




	
Material costs

	
USD

	
-

	
-

	
1056




	
Used vehicle for stock control or beef trading




	
Purchase price

	
USD

	
2425

	
2425

	
10,000 2




	
Purchase price machinery




	
Tractor (amount, status)

	
USD

	
-

	
4900 (1, used)

	
4900 (1, used)

26,766 (1, new) 1




	
Used trailer (amount)

	
USD

	
-

	
1000 (1)

	
1000 (2)




	
Mower (amount, status)

	
USD

	
-

	
1000 (1, used)

	
3300 (1, new) 1




	
New swather (amount)

	
USD

	
-

	
-

	
3300 (1) 1




	
New hay baler (amount)

	
USD

	
-

	
-

	
14,850 (1) 1




	
Taxes for vehicle and tractor 3




	
Vehicle

	
USD year−1

	
34

	
34

	
106 2




	
Tractor

	
USD year−1

	
40

	
40

	
40








1 Purchase price plus 10% of purchase price for delivery fees and transport costs for new machinery. 2 Kamaz truck. 3 Overall average independent of farm scale.
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Table 5. Assumptions and calculation parameters for three calculation scenarios (adapted from work in [35]).
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	Normal Situation

 [image: Agriculture 10 00281 i001]
	Decreasing Water Inflow

 [image: Agriculture 10 00281 i002]
	Worst Case

 [image: Agriculture 10 00281 i003]





	Vegetation in pastures
	Non-submerged dense reed beds
	Sparse reed beds
	Open reed and shrub vegetation



	Groundwater level
	>1.5 m 1
	1.5–2.5 m 2
	<2.5 m 1



	Annual hay demand
	On-farm reed hay
	50% on-farm reed hay

50% purchase alfalfa hay
	50% purchase reed hay

50% purchase alfalfa hay



	Price (USD kg−1) 3
	0.02 for small-scale farm

0.03 for medium-scale farm

0.04 for large-scale farm
	On-farm reed hay equal to normal situation

0.1 purchase alfalfa hay
	0.08 reed hay

0.14 alfalfa hay







1 [5,23] 2 [49] 3 Local prices converted using the exchange rate of August 2015: 1 KZT = 0.00528 USD [59].
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Table 6. Purchase prices for Monte Carlo simulation, ranges, and mean (in brackets) for triangular probability distribution. Conservative estimations based on conducted farm interviews for base year 2015 [35].






Table 6. Purchase prices for Monte Carlo simulation, ranges, and mean (in brackets) for triangular probability distribution. Conservative estimations based on conducted farm interviews for base year 2015 [35].





	Hay
	Unit
	Decreasing Water Inflow
	Worst Case





	Alfalfa 1
	USD kg−1
	0.09–0.13 (0.1)
	0.1–0.18 (0.14)



	Reed 1
	USD kg−1
	On-farm production
	0.07–0.12 (0.08)







1 Local prices converted using the exchange rate of August 2015: 1 KZT = 0.00528 USD [59].
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Table 7. Short-and medium-term adaption strategies implementation in 2015 by three types of individual farms in response to reduced water inflow to the Ili Delta.
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	Adaption Strategy


	Small-Scale

(n = 16)
	Medium-Scale

(n = 14)
	Large-Scale

(n = 5)





	Alternative haymaking areas
	5
	5
	2



	Partly purchasing alfalfa hay
	2
	3
	1



	Entire hay purchase
	4
	2
	2



	Installation groundwater well
	2
	-
	1
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Table 8. Contribution margins of three types of individual farms in the Ili Delta for the three calculation scenarios (base year 2015).
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Item

	
Small-Scale

(USD year−1 Per Stock)

	
Medium-Scale

(USD year−1 Per Stock)

	
Large-Scale

(USD year−1 Per Stock)






	
Revenues




	
Cash revenue

	
2708

	
9636

	
22,264




	
Value of own consumption

	
1748

	
5178

	
–




	
Inventory changes

	
1004

	
2008

	
26,220




	
Government program payments

	
–

	
–

	
23,096




	
Total revenue (TR)

	
5460

	
16,822

	
71,580




	
Variable Costs Independent of Water Inflow




	
Veterinary

	
26

	
70

	
109




	
Transport for control/trading

	
780

	
98

	
450




	
Kombi corn

	
–

	
–

	
3386




	
Annual purchase of elite bulls

	
–

	
–

	
3696




	
Variable Costs Depending on Water Inflow




	
Feed costs (hay for winter period)

	

	

	




	
Normal situation

	
890

	
3712

	
15,314




	
Decreasing water inflow

	
2578

	
8042

	
26,800




	
Worst case

	
4726

	
13,610

	
42,115




	
Total variable costs (TVC)

	

	

	




	
Normal situation

	
1665

	
3880

	
22,955




	
Decreasing water inflow

	
3383

	
8211

	
34,441




	
Worst case

	
5531

	
13,778

	
49,755




	
Contribution margin (CM)

	

	

	




	
Normal situation

	
3795

	
12,941

	
48,625




	
Decreasing water inflow

	
2077

	
8611

	
37,139




	
Worst case

	
−71

	
3043

	
21,825
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Table 9. Net farm income estimates of the three types of individual farms in the Ili Delta for the three calculation scenarios (base year 2015).
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Item

	
Small-Scale

(USD year−1)

	
Medium-Scale

(USD year−1)

	
Large-Scale

(USD year−1)






	
Fixed costs




	
Employed labor

	
-

	
2088

	
7608




	
Leased land

	
97

	
129

	
266




	
Stable and employees’ house

	
15

	
78

	
300




	
Vehicles and machines

	
438

	
1628

	
5682




	
Total fixed costs (TFC)

	
550

	
3923

	
13,856




	
Net farm income from operations (NFIO)

	

	

	




	
Normal situation

	
3245

	
9018

	
34,769




	
Decreasing water inflow

	
1527

	
4688

	
23,283




	
Worst case

	
−621

	
−880

	
7969
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Table 10. Results of Monte Carlo simulation for contribution margin and net farm incomes from operations of three types of individual farms in the Ili Delta in worst case scenario.






Table 10. Results of Monte Carlo simulation for contribution margin and net farm incomes from operations of three types of individual farms in the Ili Delta in worst case scenario.












	Item
	Unit
	Small-Scale
	Medium-Scale
	Large-Scale





	Total revenues 1
	USD year−1 per stock
	5460
	16,822
	71,580



	Range of TVC

Mode
	USD year−1 per stock
	4584 to 7141

5649
	11,069 to 18,282

14,264
	41,512 to 63,650

51,677



	Contribution margin
	
	
	
	



	Range (100%)
	USD year−1 per stock
	−1681 to 876
	−1460 to 5753
	7930 to 30,068



	Range (90%) 2
	USD year−1 per stock
	−987 to 403
	410 to 4393
	13,519 to 26,067



	Mode
	USD year−1 per stock
	−412
	2623
	19,903



	Median
	USD year−1 per stock
	−279
	2438
	19,942



	Mean
	USD year−1 per stock
	−286
	2425
	19,910



	Standard deviation
	USD year−1 per stock
	420
	1212
	3771



	Risk of negative CM
	%
	74.4
	2.6
	0



	Total fixed costs 1
	USD year−1
	550
	3923
	13,856



	NFIO
	
	
	
	



	Range
	USD year−1
	−2231 to 326
	−5383 to 1830
	−5926 to 16,212



	Mean
	USD year−1
	−836
	−1498
	6054



	Risk of negative NFIO
	%
	98.3
	88.8
	5.8







1 Constant parameter for Monte Carlo simulation. 2 Excluding extreme percentiles, 5% (lower bound) and 95% (upper bound).
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