The optimal size of farm ponds in N.E. Thailand with respect to farming style and multiple uses of water and under various biophysical and socio-economic conditions.
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Abstract

Water is a limiting factor on farms in N.E. Thailand because of weather and soils.  Variable rainfall leads to high risks in cultivation.  Catching and storing rainwater and subsequent use for irrigation reduces risk and increases farm productivity.  A practical question posed by farmer organizations is 'what is the optimal size of a farm pond?'  In trials, optimum values of around 12% of the farm area have been reported.  For individual farms, however, this fraction may be much different due to features of farm soils, landscape and local climate, economic factors (prices of produce and multiple productive uses of water) and the preferred farming style (i.e.: the farming household minimizes inter-annual risks, maximizes income, is innovative in trying the latest techniques, or has farming as a secondary source of income).  

To consider a wide range of variables and choices in a systematic and transferable manner, we developed the farm simulation model BoNam-FS (Farm Simulation).  It was used to simulate sets of scenario's (farming styles, soil types, weather patterns, innovations) to determine farm performance over a range of farm pond sizes.  Benefits of innovations, such as pond sealing and alternative irrigation methods, can be quantified.  The results can be analyzed with the spreadsheet BoNam-SA (Scenario Analysis) and summarized in graphs.  

Results have been presented to farmer organizations to show the options for water management and how to pick a scenario that suits best in a specific situation.  Feedback will be presented. 

BoNam-SA is available for further analyses, such as by farm advisors.  BoNam-FS is available for in depth analysis of farm water balances in existing or new scenario's.  For detailed explorations, specific data from the farm-in-case are needed.  

Introduction

Deforestation and unbalanced farming systems have brought much land and water degradation in N.E. Thailand since the 1960's, particularly by nutrient mining (Bridges et al, 2001).  Several farmer organizations (FOs) emerged in N.E. Thailand in the 1980's (Chamrusphant, 2001), either spontaneously or promoted by NGO's (Chutikul, K, 2001, Bepler, 2002).  Since the early and mid 1990’s some FOs promoted the adjustment of farming practices to reverse degradation (Ruaysoongnern and Suphanchaimart, 2001).  This often includes construction of a farm pond and crop diversification. Investments for pond construction are often arranged through revolving funds, managed by the farmers groups, and entail loans that are repayable within 12 months (Bepler, 2002, Ruaysoongnern and Penning de Vries, 2005).  In additional to empowering many individuals and setting common action agenda's, these organizations gained a strong political influence in the government.  Significant funds are now available to speed up the expansion of the number of farm ponds.  Government spending will be increased further for 2005-2007 as a regional drought in 2004/2005 has given 'water' an even higher priority.  The Land Development Department (LDD) advises the government on implementation of the pond development scheme.  The new Thai constitution strongly promotes participation of the people in the "conservation, maintenance and use of natural resources" (Hungspreug, 2001), and LDD and FOs search how to make this effective and to design realistic loan schemes for individuals. 

Goto and Koike (1997) report that modern farmers near Khon Kaen often cultivate 2-3 ha of land, divided into 2-3 plots and worked with 4-7 persons.  In average, 50% of the area is in rice and 10-15% in vegetables.  The rice crops, 1-2 crops per year, yield 2.7-3.7 t ha-1 cleaned rice of which only 10% is consumed domestically.  Vegetables, 4-5 crops per year, include beans, cabbage and onions, are generally sold to middle men and yield 50-100 kBaht ha-1 yr-1.  Pond water is used to irrigate vegetables, flowering plants and fruit trees.  Some farmers produce and sell fish as well.  Farmers may also grow some trees for convenience wood (e.g. teak, Eucalyptus) for sale when cash is needed.  An analysis of modern farming systems and a comparison with non-improved systems has been carried out by Tipraqsa (2005).  

The New Theory for agricultural development by His Majesty King Bhumibol of Thailand (LDD, 2005) underlies the thinking of FOs with respect to farm and livelihood development.  It promotes integrated farming to achieve household food security, self-reliance and a reasonable income from agricultural products from a farm with ample biodiversity and a sustainable farming system.  Farm ponds are crucial in the new Theory (Figure 1). 

Figure 1. A Thai Farm in the New Theory of his Majesty the King of Thailand. (From: Bridges et al., 2001).

The water balance on farms is complex.  Farm ponds receive water from rain and runoff from the fields and uncultivated surfaces.  A high groundwater tables may add to filling, but drainage from ponds is more common, particularly on sandy soils.  Some farms pump groundwater for domestic and productive uses, but as a salt layer underlies the groundwater in some areas there is a threat that saline water is extracted (Srisuk et al., 2001).  Roof water harvesting for domestic water is common (Bepler, 2002); water supply through pipes by water providers is uncommon.  

The optimal size of a pond relative to the size of the farm is important but difficult to establish.  It is important because the water surface itself is not productive.  It is difficult to establish because it depends on many factors: the crops grown (type and area), on the prices they can fetch on the market, the local weather and soil types, and other factors.  Also farmer objectives affect the optimum ratio.  The track record of new farms is still short (Tipraqsa, 2005), so that farmers have not yet sufficient experiences to be used as a guideline.  Experimentally, LDD found 12% to be an optimum.  In the New Theory, a pond as large as 30% of the farm surface is proposed.  It would allow full irrigation of all crops yearround, but could require water supplies from major reservoirs outside the farm.  Irrigation only where and when really needed can reduce the water demand significantly and allows smaller and cheaper ponds.  Realizing the complexity and local specificity, FOs asked scientists for help and formulated three pertinent questions (Box 1).  

Box 1. Three questions to scientists formulated at a meeting of farmer networks in N.E. Thailand, Kalasin, 20 January 2004; text in parenthesis by the authors.

• (What are the) Land: water resource ratios for best productivity in different ecosystems (at farm scale)?
• (How is the) Water management for water use efficiency for each crop, both monocrops and integrated farming system?

• (What are the) Water productivity potentials in different ecosystems for productivity gap analysis of each farm? 
The method: simulation modelling and scenario analysis

When experience provides no guideline to determine the optimum water/land ratio on farms, trials can be carried.  Such trials should last at least 5-10 years and occur across N.E. Thailand due to the variability of the weather and differences in soils, and are therefore slow and expensive.  The LDD experiment station in Kao Hin Sorn carries out trials in one rainfall zone.  An alternative approach, potentially much faster, with a wider range of answers, and cheaper, is through simulation modelling.  Optimally, the modelling approach goes together with field research and calibration 

In a dynamic simulation model the way how crops, soils and ponds 'respond' to management and weather is calculated for short time intervals at a time (here: one week).  Calculations are repeated over periods of 1-10 years.  Indicators of 'farm performance' are derived from the computed results.  The simulations are usually repeated for many possible scenarios of farm management to explore the options available to the farmer.  Characteristics of weather, soil, landscape, and other factors are kept as close as to the conditions of the end user as feasible.  Management is characterized by planting dates and target yields, irrigation methods and mulching.  From the values of the indicators in the various scenarios, the farmer can select the outcome that fits her/him farm best.  

This way of identifying the optimum farm pond size makes full use of scientific knowledge and of local insights.  The modelling approach supports non-specialist with applicable scientific knowledge.  Croke et al. (2005) give examples from Australia of the impact of modelling support to local persons and organizations and of the improved water and land management.

Several models have been published that address optimization on farms.  These include SWB (Annandale et al., 1999), Tradeoff Analysis Model (Antle and Stoorvogel, 2000), Dam Ea$y (Lisson et al., 2003), Planwat (Van Heerden, 2004); and TechnoGIN-3 (Wolf etal., 2004). But they do not provide all features required in this case, particularly not with respect to multiples uses of water, farming styles and weather variability. 

The model 'BoNam' for Thai farms

Outline. We developed the simulation model BoNam FS (thai for 'pond', Farm Simulator) to support farmers across N.E. Thailand to determine the optimum relative pond size for the conditions of any particular farm and for the preferred farming style of its farmer.  The model is built in the language SIMILE (Muetzelfeldt and Massheder, 2003); its outputs can be analysed with MS Excel.  Running the model and comparing results for different scenario’s is user friendly.  This paper presents briefly our approach in modelling to support FOs and some results obtained with BoNam version 3-09.  A copy can be obtained from the first author. The data used to characterize the farms and locations in this paper are from actual observations and measurements reported in literature.  The data, however, are not always representative for a particularly farming situation because we did not attempt to identify such cases and want to demonstrate possible uses in contrasting environments.

The actual simulation model consists of 15 modules: one for the water balance of each of five farm plots, one for each of the three productive activities (vegetables, rice and fish), one for inputs with respect to strategic decisions on farm layout and one for operational decisions in management, one for time management, two for weather and price data, and two to track simulated farm performance (water balance, income, etc.) and annual totals. A full description of the model is in preparation (Penning de Vries, 2006).  (It is technically straight forward to add modules for other water demanding activities such as for sugarcane, fruit trees, feed crops and livestock. However, the number of farm management options for the users grows too large to be helpful, certainly in the early stages of support in decision making with the model. Hence we opted for a small set of contrasting uses of water in BoNam.  Further feedback from farmers may indicate that another selection of activities, or indeed a larger range of water use activities, is required).  SIMILE provides transparency of the model and easy inspection and modifications.  Several checks and double accounting in the model assure consistency and reduce errors.  Because the farming season begins in July and may extend well into the next year with a second rice crop, we compute the annual totals from July onwards.  To deal with uncertainty, a normal simulation run consists of 9.5 consecutive years.  This allows the user to take into account carry over effects and to calculate realistically annual averages and estimate uncertainty. 

The first question (Box 1) can be answered by repeating simulations for a range of pond sizes, and by varying the size of the irrigated part of the vegetables plot.  The first approach is needed when a farm pond is (re-)designed, the second when optimizing multiple uses of water from a fixed size pond.  In this short paper, we deal with variable sizes. 

Farm layout: the default farm surface area is 1 hectare; other values can be specified.  It consists of five sections: (i) the farmhouse, yard and the unplanted area surrounding the pond, (ii) the pond, (iii) the rice field, (iv) a plot with vegetables and (v) a park with trees (Figure 2).  Only the vegetable crop is irrigated, if possible, not the transplanted rice.  Recognizing the importance of rice production for the household, any increase in pond area is at the expense of the vegetable plot.  The water balance connects the plots, if there is excess water on the plots, it runs into the reservoir; if there is too much for it to contain, it runs off from the farm.  Runon from nearby roads or field can be important.  The dynamics of groundwater is insufficiently known to be simulated. 

Figure 2. Approximate layout of the five plots on a farm.  Single arrows show the direction of flow of runoff water.  The double arrow suggests that this border between the vegetables plot and the pond can be moved between simulation reruns. 

Management. Management of the entire farm is considered rather than that of individual plots.  Management is characterized by choice of target yields of crops planted, irrigation levels, use of the soil amendments (e.g. bentonite) or mulch, and presence of fish (no other forms of livestock in the current model version).  There are different styles of managing a farm enterprise, and these lead to different results.  About 20 parameter values and settings in BoNam are affected by 'style'.  E.g., if a farmer goes for a relaxed style of farming, this will be reflected in selected crops and target yield levels, etc. We distinguish four styles:

· Style A ('conservative'): the solid, slightly conservative farmer who makes sure that his family has always adequate rice and who prefers stability over high income.  Fraction of farm in rice cultivation: 0.4. Vegetables 2-3 crops per year. Low levels of inputs.  

· Style B ('income'): the farmer who seeks maximum benefit and does not mind to borrow some money to purchase rice in an unusually dry season.  Mostly commercial production input intensive: irrigation, fertilizer, labour.  Year round production with 3-4 crops.  Fraction farm in rice cropping: 0.25. 

· Style C ('scientist'): the curious, enterprising farmer who tries out new methods for water distribution, new crops, etc.  Fraction farm in rice: 0.25. This style is characterized by the most efficient ways of doing things.

· Style D ('with other jobs'): the farmer has off-farm income and farm activities demand little work and monitoring.  No fish production.  Fraction rice on farm: 0.5. 

Performance.  Simulated results of the farm are expressed in four indicators: annual farm income, number of weeks per year that the pond is dry, quantity of water that runs of the farm, and the volume of water used in irrigation. While it is straight forward to add other indicators to the model (e.g. the length of the drought period in the rainy season), expressing farm performance in these four dimensions provides already a large amount of output.  We consider that these four indicators give already much insight into options for farm management but adaptations can easily be made if needed.

Input data. We use weekly data of evapotranspiration and temperature (averaged over nine years) and rainfall data from the Mekong River Commission for the individual years for Khorat (1995-2004, in SW corner of N.E. Thailand), Khon Kaen (1987-1996, in the centre), Ubon Ratchatani (1961-1969, SE) as well as for Nong Kai (1961-1969, NE).  The average annual rainfall in these sites increases from 1345 via 1522 and 1673 to 1984 mm.  The pattern of cumulative values of the highest and lowest rainfall sites are shown in Figure 3. The duration of the rainy period at these locations is about equal, the growing season longer in Non Kai.  The potential evapotranspiration (ET0) in Khon Kaen is 1971 mm yr-1 (RID, 1994). Assuming that this value is a fair approximation for all of N.E. Thailand, it shows that the risk of drought is significant in all locations particularly in the beginning and end of the growing season, particularly in the SouthEast.  We do not address the question whether the climate of N.E. Thailand is slowly getting drier and the rainy season occurring later, but the eventual consequences of such changes could be explored through modelling.
Figure 3. Cumulative average weekly values of precipitation for Khorat and Nong Kai, representing the driest and wettest locations in N.E. Thailand, respectively. 

Data from the soil map of Thailand could not be used for these simulations since the scale is too small.  We characterized the rice soil on the farm as 'clayey' and the soil on the vegetables plot as 'loamy' (Penning de Vries et al., 1989).  Simulations apply for conditions without runon from outside the farm and water supply by providers.  Drainage from the pond is set at a small fraction of its contents per week (0.5%).  Soil fertility is addressed implicitly in crop growth.  The landscape of the farm is characterized by run-off patterns between the plots. For this paper, we did not pursue simulation of farms with sandy soils as their rate of drainage is high and building a pond not economically attractive.  Moreover, even within a sandy area, heavier soils are present on parts of many farms. 

Crop simulated have characteristics of 'lowland rice' and of 'bean crops' in their development and growth parameters (Penning de Vries et al., 1989).  Target yields are set by farming style and reflect variety choice and fertilizer level.  Fish grow 10% per week if that sufficient feed is supplied (related to 'style').

Common market prices (2004) are used for the produce. Only gross income is computed.
Calibration. Since it is impossible to collect sufficient basic data for each case for which the model will be applied, it is good practice to collect data from a number of trials and to compare them with actual observations for the purpose of calibration.  Much of this still needs to be done, and 'calibration' is so far only done by 'guestimation'.

Outputs

SIMILE allows inspection of the values of all model variables at any time interval in output tables or graphs.  Export of these variables is possible for further analysis with other programs, such as MS-Excel.  The set of macro's for Scenario Analyses is called BoNam-SA.

Looking in great detail to individual variables is necessary when the model is build and tested.  A comprehensive set of outputs could include weekly or monthly values of the soil relative water contents in the plots 3 and 4, levels of water stress in the crops, crop dry weights, and runoff between fields and from the farm, and the water level in the pond. 

In the productive stage of modelling, however, one is interested in a few outputs only, such as the indicators of performance.  We use four indicators of farm performance: (i) annual farm gross income (Baht yr-1) as it results from rice, vegetables and fish; (ii) number of weeks per year that a pond is dry as a measure of risk; (iii) the quantity of irrigation applied (m3 yr-1) that can be used to determine water use efficiency, and (iv) the quantity of runoff from the farm (m3 yr-1) to see the consequences of choices on neighbouring farms. In the next section, we provide examples of the first two indicators.  

Answering the questions

The question about the optimum size of the farm pond (question 1, Box 1) is relevant before a major investment of excavating a pond or constructing a reservoir and for detailing the conditions for a loan for this purpose.  It can be answered by running the model for scenarios of relative pond sizes, and by inviting the farmer to select the answer that fits her/him.  For an illustration of the type of results provided, we ran the model for relative pond sizes from 0.0 to 0.3 (m2 pond surface m-2 farm)and for the four farm styles with otherwise the same input data and all management parameters set at default values.  A first round of interactions with the FO Local Wisdom took place in Buriram (2004), and other rounds are planned.

The following graphs present three values for the indicator at each pond size. The middle one corresponds with the average level, the upper one with the level attained or exceeded  in the best 25% of the years and the lower one with the level attained or not quite in the worst 25% of the years.  The spread between the upper and lower values is a measure of the inter-annual variability in weather.  Irregular patterns in the graphs are due to non-linear processes, such as failure or a second crop due to drought.

Results in Figure 4 for the indicator 'farm income' for the driest site (Khorat) indicate that a pond size of 5-10% is optimal for the styles A-C, while 'no pond' is usually best for style D.  There is no sharp optimum, and the value tends to be higher for the wetter years.  Note also the difference in Y-axes: the styles B and C provide more income than style A and much more than D.  The main reason why the income goes down at larger pond sizes is that the size of the vegetables plot, a major income earner, becomes small.  

Figure 4 (a-d). The relation between pond size and average farm income in Khorat under four farming styles.

To illustrate the large difference between different parts of N.E. Thailand, we show in Figure 5 the indicator 'number of dry weeks', and give an indication of 'risk' related to climate.  Selected are data from 2 locations (Khorat, Ubon) and all for farming style B ('income').  It is clear that the chance of the pond running dry for several weeks a year is pretty large.  The reason that the risk increase in Khorat for large pondsizes is that the catchment area of water becomes too small.  In Ubon, 15% of the farm area in pond keeps ample water for irrigation yearround.  Quite obviously: the best recommendations for sizes and farming practices between these regions differ significantly. 
Figure 5 (a,b). The number of dweeks that the pond is dry under farming style B in Khorat and in Ubon.

To demonstrate the value of the model for exploration of innovations, we reran the model for the same situations as in Figure 5, but reduced drainage from ponds to zero (as could be done with clay on the pond bottom, or with plastic sheets).  The results are shown in Figure 6.  The difference is not as large as might be expected because evaporation losses from the surface are as large as the (low) rate of drainage in Figure 5.
Figure 6 (a,b). The number of weeks that the pond is dry under farming style B but with sealed ponds to stop drainage. 

Discussion

It is important to realize that in any situation the 'optimum pond size' is not the same for each of the four indicators.  Moreover, the different styles, farmers give different weights to each of the indicators.  As a result, determining 'the' optimum for a particular farmer cannot be done by reading only Figures 4, 5 or 6, and was suggested for brevity in the previous section.  A more comprehensive set of graphs needs to be considered together in a multi-criteria analysis.  How this can be done effectively and interactively for this model with Thai farm advisors has still to be tried out.  

This sample of results demonstrates some of the capacities of the BoNam model.  Limited calibration and feedback, however, are still a handicap to the practical value of the results.  On farm observations and interaction sessions are planned for the near future.

Shape of the pond was not mentioned so far even though farmers are interested in this feature.  The shape of the pond (oval, rectangular) or one large one or multiple small ones, does not affect much the results of simulations and any particular choice won't affect the results significantly.  Practical advice, therefore, is to identify the shape(s) in agreement with landscape (lower parts of the farm and following the landscape).  In low parts, upwelling of water from local acquifers could be very important.  A factor farmers can influence is shading of the pond.  This leads to a reduction of wind and hence of surface evaporation (but an increase of transpiration if trees provide shade) to reduce evaporation. 
Local run-on can be very significant.  Yet, we observed  on several occasions and different farms that farmers tend to overestimate the importance of rainfall in filling farm ponds and underestimate run-in; the quantities of drainage and upwelling are difficult to appreciate.  A benefit of using the BoNam model can therefore be the refinement of the mental models FOs and farmers to in their daily operations with the farm water balance.

A model can also help to address consequences of variability and heterogeneity that otherwise can be difficult to judge. We avoided use of averaged rainfall data for simulation as Nonhebel (1994) found that use of such data may lead to overestimation of yields by 50% (unirrigated) to 15 % (fully irrigated crops).  However, there is still significant uncertainty in other important parameters, so that evaluation and calibration in the future needs more attention.  Metselaar (1999) demonstrated clearly the importance of parameter inaccuracy in predictive modelling, and showed that calibration is indispensable before practical results can be obtained.

While it may be argued that every farm/farmer should have a customized size reservoir, in practice this cannot be handled at a large scale by the contractors who build them.  They provide only the standard size and shape, where farmer can only determine where on the farm and, within limits, the linear.  The fixed volume of the LDD standard (1260 m3) on a 1 hectare farm corresponds with a relative pond size of 4%.  Future scenario analysis should consider how to optimize for every growing season the use of the water in a pond of fixed size.
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