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Abstract

A prototype equilibrium displacement model of the Lao PRD rice market is specified and some hypothetical simulations are run. The model is based on the proportion of Lao rice production that reaches commercial markets, and is calibrated with the best available estimates of market prices and quantities and the required parameter values. For hypothetical 1 per cent shifts in farm supply, in other input supply into rice processing and in retail demand, rice producers receive between 12 and 27 per cent of total surplus, domestic consumers receive between 71 and 82 per cent, and rice processors receive between 2 and 6 per cent. Sensitivity of surplus shares to elasticity assumptions are provided, and some areas for enhancement of this simple prototype model are suggested.
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Introduction

As outlined in previous working papers (Sinnett et al., 2024, Mullen et al., 2026), the Lao PDR government in recent years has advocated for agriculture to be conducted in ways that are more sustainable. Whether Lao rice farmers change how they use fertilisers, weedicides and pesticides will depend largely on how farm income changes. Any changes will have implications for the broader rice market. In Rathnayake et al. (2025, 2026) and Sinnett et al. (2026), estimates were reported of changes in farm level costs, gross margins and rice availability from a number of different levels of application of inorganic fertilisers as well as from hypothetical shifts to organic or GAP/agroecology methods of rice production. In Mullen et al. (2026), a simple total economic surplus formula approach was used to estimate the market level implications of these potential changes. It was calculated that there was some small incentive (around 1.5 per cent of the value of rice production) for ‘low input’ Lao rice producers (defined as two bags of fertiliser) to increase fertiliser rates to become ‘medium input’ producers (defined as five bags of fertiliser). The gain in surplus from a switch from two bags to the hypothetical organic system was much larger at around 10 per cent of the value of rice production. 

However, there were a number of important caveats attached to these results. In general, rather than just look at measures of total economic surplus, it would be useful have a framework that allows a more disaggregated marketing chain both vertically and horizontally to gain more appreciation of how economic welfare changes are distributed. In particular, in relation to the use of organic rather than inorganic fertilisers (and pesticides), the evidence is (Kousonsavath, et al. (2025a, b) that some consumers are likely to pay a premium for organic rice. In such a scenario, both the farm level supply curve for paddy rice and the retail demand curve for processed rice shift, and a vertical market model (for example, Mullen et al., 1989) is required to estimate welfare changes along the marketing chain. 

In this paper, a simple prototype of a vertical equilibrium displacement model (EDM) of the Lao rice market is specified and three hypothetical simulations are run using this model. A sensitivity analysis of surplus shares to elasticity assumptions are also provided, and some areas for future enhancement of this simple prototype model are suggested.

A Model of the Rice Marketing Chain in Laos

The marketing chain for rice in Laos is represented diagrammatically in Figure 1. It is a simplified version of the more detailed value chain maps discussed in Rathnayake et al. (2025). 

Figure 1. A model of the rice marketing chain in Lao PDR
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An initial point to make is that only about 20 per cent of rice produced in Laos enters the marketing chain. The rest is consumed by farm families. When attempting to measure industry impacts of shifts in processing efficiency or retail demand, it is only that share of production that is marketed that is directly relevant.

In Figure 1, the supply of rice to the market at the farm gate is denoted by SX10. The demand for rice at the farm level is represented DX10, while the demand for rice at retail is represented by DR0. The marketing margin – the vertical difference between DX10 and DR0 - represents the cost of processing and distributing rice from the farm product to the retail product. At equilibrium, the price and quantity at the farm gate are denoted by W10 and X10 and at the retail level by P0 and Y0. The price and quantity of processing inputs, W2 and X2 respectively, are not represented in Figure 1. Note that to correctly represent rice at the farm level and rice at the retail level, an adjustment has to be made for the yield of rice at retail from a tonne of rice at the farm gate. 

Diagrammatically, as an example of how this framework can be used, assume the adoption of a new technology in rice production improves farm productivity by lowering the unit cost of producing rice. This can be represented in Figure 1 as a downward shift in the farm supply of rice that is destined for the commercial market. The new farm supply curve is SX11, which causes new equilibrium prices and quantities of W11 and X11 at the farm gate and by P1 and Y1 at the retail level.

The model can compare the size and distribution of benefits of hypothetical shifts (say 1 per cent shifts) in retail demand, in processing efficiency as well as in farm level efficiency. The model could also be run to examine specific efficiency gains, for example arising from specific new fertiliser scenarios. 

While the focus is on productivity and marketing efficiency in the rice marketing chain, it will be most important to describe qualitatively and plausibly other potential economic, social and environmental outcomes from any such changes. 

EDM Model 

Following the principles outlined in Alston (1991) and Alston et al. (1995), and implemented in a range of case study applications (Mullen et al., 1989; Zhao et al., 2000; Li et al., 2022), the production function for rice at retail can be represented as: 

Y = f(X1, X2)

Where Y is the quantity of rice at retail, X1 is the quantity of rice at the farm gate and X2 represents the inputs required to transform farm gate rice into rice in retail markets. 

When the production function exhibits constant returns to scale the industry total cost function can be written as 

C = Y.c(W1, W2)

Where C is the industry cost function, c is the unit cost of producing Y, W1 is the farm gate price of rice and W2 is the cost of transforming farm gate rice into retail rice. 

Equilibrium in this industry can then be represented as:
 
1. P = f(Y, N) 				(demand for retail rice)
2. P = c(W1, W2)				(market clearing condition/ supply of rice)
3. X1 = h1(W1, W2) Y			(demand for rice at farm gate)
4. X2 = h2(W1, W2) Y			(demand for inputs along the marketing chain)
5. W1 = g1(X1, T1)				(supply of rice at farm gate)
6. W2 = g2(X2, T2)				(supply of processing inputs) 

Equation 1 is the demand for rice at retail. P is the price of rice in these markets and N is an exogenous demand shifter encompassing demand and technology shifts downstream of the retail markets. Equation 2 is the long run equilibrium condition that the price of rice at retail equals the minimum average cost of processing rice along the marketing chain. Equations 3 and 4 are the demand equations for rice at the farm gate and for processing inputs, both constrained by the level of output (derived by applying Shephard’s lemma to the total cost function). Equations 5 and 6 are price dependent input supply equations where T1 and T2 are exogenous supply shifters. 

Note that the demand for rice at the farm gate is a ‘derived demand curve’ because it is derived from final consumer demand. It is also influenced by economic conditions facing processors that use rice and other inputs to produce rice at retail. If there are changes in consumer income, tastes or processing costs, the derived demand curve shifts to a new position.

When there is a small change in one of the exogenous shifters, changes in prices and quantities can be approximated linearly by totally differentiating Equations 1 – 6 and converting them to elasticity form to give equations 7 – 12. 

7. EP = (1/η)EY + EN
8. EP = κ1 EW1 + κ2 EW2
9. EX1 = -κ2σ EW1 + κ2σ EW2 + EY
10. EX2 = κ1σ EW1 – κ1σ EW2 + EY
11. EW1 = EX1/s1 + ET1
12. EW2 = EX2/s2 + ET2

Where E is a relative change operator (eg EP = dP/P), η is the elasticity of demand for rice at the retail level, k1 is the share of total costs (at the end of the marketing chain) accounted for by rice, k2 is the share of total costs accounted by the other inputs along the marketing chain (note k2 = 1 – k1), σ is the elasticity of substitution between rice and processing inputs in the production of rice delivered at retail, s1 is the elasticity of supply of rice at the farm gate and s2 is the elasticity of supply of other inputs along the marketing chain. 

EN is a proportional shift in the demand for rice at retail which may arise from demand shifts at retail or from new technology beyond the retail level. ET1 is a proportional shift in the supply of rice at the farm gate as a result of new technology that increases the productivity of rice production, and ET2 is a proportional shift in supply of inputs along the marketing chain which may arise from efficiency gains in processing rice. 

This set of equations could be solved analytically to provide equations estimating the changes in endogenous prices and quantities from exogenous shifts in demand and/or supply. Alternatively, this set of equations can be expressed in matrix terms as follows:

13.      =   

The set of six endogenous changes in the prices and quantities of output and inputs can be solved by inverting the matrix of parameters and multiplying by the matrix of exogenous shifters. Matrix inversion routines are available in many econometric and mathematical programming software packages, including MS Excel and TSP (Hall and Cummins, 2003). 

A number of scenarios can be examined by appropriate settings of the exogenous parameters. For example, if the aim was to estimate changes in prices and quantities from a 1 per cent gain in the productivity of rice processing then ET2 would be set to -0.01 (a 1 per cent downward shift in the supply of processing/marketing services) and the other exogenous shifters would be set to zero. Similarly for a shift in demand at retail EN would be set to 0.01 (a 1 per cent upward shift in the retail demand for rice). 

Note again that this model is based on the quantity of rice that enters the marketing chain rather than total rice production and hence this model is not suitable for assessing an efficiency gain in rice production that applies to all rice production. Shifting ET1 by 1 per cent would grossly underestimate the gains to farmers. The total surplus model assessing the impact of different fertiliser regimes (Mullen et al., 2026) is best suited for this purpose. 

Once changes in input and output prices and quantities have been estimated, changes in economic surplus to market participants can be calculated as follows: 

14. CS = P.Y(EN – EP)(1 + 0.5EY)
15. PS1 = W1.X1(EW1 – ET1)(1 + 0.5EX1)
16. PS2 = W2.X2(EW2 – ET2)(1 + 0.5EX2)

where CS is the consumer surplus shared by the buyers of rice in retail markets (which may include some who further process rice for final consumers), PS1 is the producer surplus to rice growers who sell into the commercial market, and PS2 is the producer surplus to suppliers of inputs into rice processing and distribution. The total gain in economic surplus, TS, is the sum of CS, PS1 and PS2. 

The surplus measures in equations 14 - 16 are estimated as the sum of the areas of rectangles and triangles in Figure 1. When productivity gains in rice production shift the supply curve to the right to SX11, production increases to X1 and the price to rice growers falls to W11. Rice growers who market rice gain the areas efcd, and consumers – those in the marketing chain downstream from rice growers - gain abef. Note that the area abcd is the gain estimated as a unit cost reduction times the production of rice. It underestimates total gain by the triangle bfe, which is usually small for small values of ET1.  

Estimating changes in economic surplus using this set of equations is based on an assumption that the exogenous shifts result in parallel shifts in the designated demand and/or supply equations. The formulae are exactly correct for parallel shifts in linear demand and supply curves but are only approximately correct for other functional forms. Here the exogenous shifts are small so any errors are likely to be small. 

The changes in economic surplus from the above model can be interpreted as the annual change in economic surplus were the industry to fully adjust to the exogenous shift in one year – full and immediate adoption of the technology in other words. By applying an adoption profile, a stream of benefits through time can be generated. This stream of benefits can then be offset against the stream of investments made in the course of the project to arrive at the usual financial measures of net present value (NPV), benefit cost ratio (BCR) and internal rate of return (IRR) using standard discounting procedures. 

Parameterising the Model

When working with a highly abstract model and in a situation where data relevant to the rice marketing chain are scarce, parameterising the model is more an art than a science and requires judgment by the project team based on their experience, the limited data available and the views of those knowledgeable about the rice marketing chain in Laos.  

Prices and quantities

One of the key parameters is the quantity of rice entering the marketing chain. The total production of paddy rice in Laos is currently about 3.5 m tonnes[footnoteRef:3], but most rice in Laos is consumed on-farm by farm families. Only about 15-20 per cent of rice enters the marketing chain. In the analysis below we have assumed 20 per cent or 0.7 m tonnes enters the marketing chain. The yield of rice at retail from paddy rice is in the order of 60-70 per cent. Some of these losses are in the form of rice husks and bran which have some value (not accounted for below) but other losses are in the form of inefficiencies in rice processing. For the Philippines, Chapungco et al. (2008) estimated a yield of just under 60 per cent and we have used 60 per cent in the analysis below. If grain pests are not controlled the yield could be much lower.  [3:  Note that in our analysis of fertiliser technologies at the farm level we focussed on the production of lowland, wet season rice - 2.8m tonnes. For examining efficiency gains in the whole marketing chain we have used total rice production. ] 


Rathnayake et al. (2025, 2026) and Sinnett et al. (2026) used a farm gate price for paddy of 7.5m kip per tonne. From a survey of the rice market in Vientiane, Kousonsavath et al. (2025a) estimated an average retail price of around 22m kip per tonne. These farm and retail prices approximate the prices being received in late 2024 (from the studies mentioned). If the yield of paddy rice is 60 per cent then 1.67 tonnes of paddy rice is required to deliver 1 tonne of rice at retail and hence the price of 1 tonne of retail equivalent paddy rice is 12.5 m kip. This means that the share of paddy rice in the retail price of rice, k1, is 0.57 (12.5m kip/22m kip) implying that the share of processing inputs, k2, is 0.43.

Elasticities of demand, supply and input substitution

Elasticities measure how responsive aggregate quantities of outputs and inputs are to changes in their price. Typically, these elasticities most impact the size of triangles such as bfc and hence their impact on total welfare gains is not large. However, they can have a larger influence on how efficiency gains in the marketing chain are shared by rice growers, processors and consumers. 

There are very few published estimates of the elasticities of supply for rice at the farm gate in Laos, and no published estimates of the elasticities of demand for rice. We have followed Mullen et al. (2026) in assuming that the price elasticity of demand at retail is -0.5 and the price elasticity of supply is 1.0. Because supply is more elastic than demand, a larger share of benefits is expected to be captured by consumers. 

As paddy rice is transformed into retail rice, other inputs, X2, in the form of labour, transport and processing equipment are required. If the supply of these ‘marketing’ inputs was perfectly elastic then any gain in efficiency along the marketing chain would be shared only by rice growers who market rice and retail buyers. We have used a relatively high value of 5 for this elasticity. Hence in our model rice traders and processors will capture some small share of the gains in efficiency. 

The elasticity of input substitution reflects how easily rice processors can substitute between farm gate rice and other inputs in supplying retail rice. It is likely to be small and while it is often assumed to be zero, even a small value has an impact of how benefits are shared along the chain (Mullen et al. 1988). When this parameter is zero then rice growers marketing rice receive the same share of total benefits irrespective of where in the marketing chain efficiency gains are made. However, when some substitution is allowed, rice growers receive a larger share of total benefits from their efficiency gains than they do from efficiency gains by processors or demand shifts at retail. Similarly for processors and retail buyers. 

Results

Base elasticity values

The ‘first run’ results from this model are shown in Table 1.

Table 1. Shares of total surplus from alternate market disequilibria

[image: ]

For the assumed ‘base’ parameter values, for hypothetical 1 per cent shifts in farm supply, in other input supply into rice processing and in retail demand, rice producers receive between 12 and 27 per cent of total surplus, domestic consumers receive between 71 and 82 per cent, and rice processors receive between 2 and 6 per cent. These shares reflect the ratios of the elasticity assumptions – demand is more inelastic than supply, so the majority of benefits accrue to consumers. Further, as expected, the largest share to producers accrues from the farm supply shift, and the largest share to processors accrues from the processor supply shift.

Also of note is that the total welfare gains from a 1 per cent demand shift (154,290 M kip) are almost twice that of a 1 per cent shift at the farm level (87,876 M kip). The total revenue at the retail level is approximately double that at the farm level. Even though rice growers get a larger share of the benefits from efficiency gains in rice production than they do from efficiency gains in the other sectors, the larger share is overridden by the scale of the demand shift.

There are two qualifications to these ‘first run’ results, both of which have been mentioned previously. First, the model provides estimates of potential gains from hypothetical 1 per cent shifts in the three sectors assuming immediate and full adoption. Further, it does not consider the costs of achieving these gains. To analyse actual productivity gains or actual WTP changes, adoption profiles need to be developed and estimates need to be made of the costs of achieving the designated shifts.

Second, the results apply only to rice entering the marketing chain, not to all lowland, wet season rice production, and spillovers to the rest of the industry are not considered. For example, the 1 per cent increase in retail demand results in an increase in farm gate price of 0.36 per cent which is likely to be transmitted across the whole farm sector. Hence the gains to rice producers in aggregate are likely to be much larger than just the gains to the portion of the industry that markets rice commercially. 

Estimating the industry wide effects of efficiency gains in the marketed rice sector awaits the development of a model integrating the market and non-market sectors. However, we have approximated the gains to all producers from a 1 per cent increase in the demand for marketed rice by treating the 0.36 per cent increase in the farm price of rice as the k shift in the farm level model described in Mullen et al. (2025). From this shift, the gains to farm families as producers is 1,516,102 M kip. Assuming producers capture 80 per cent of the gains to consumers, they gain a further 3,191,795 M kip, giving a total welfare gain on 4,707,897 M kip. 

Sensitivity analysis of elasticity values
We have mentioned above that different combinations of elasticity values are expected to result in different shares of total surplus accruing to the three market segments. To test that the model is correctly calculating these shares, some changes were made to the base elasticity values. These results are shown in Table 2.

Table 2. Sensitivity analyses of different elasticity values

	
	Farm supply shift
s1 = 2.0
	Farm supply shift
η = -0.25
	Farm supply shift
σ = 0.0
	Processing
Shift
σ = 0.0
	Demand 
Shift
σ = 0.0

	
	M kip         %TS
	M kip        %TS
	M kip       %TS
	M kip     %TS
	M kip       %TS

	Consumers
	72,500      0.82
	71,200      0.81
	62,000    0.75
	49,900   0.75
	116,200  0.75

	Rice producers
	13,600      0.16
	16,300      0.19
	18,900    0.21
	14,200   0.21
	33,100     0.21

	Processors
	1,800        0.02
	300           0.00
	2,800      0.03
	2,100     0.03
	5,000       0.03

	Total surplus
	87,876
	87,876
	87,876
	66,277
	154,290



The first three columns of results are for 1 per cent shifts in the farm supply curve, with respectively a doubling of the farm supply elasticity, a halving of the retail demand elasticity, and a disregard for any substitution between paddy rice and other inputs into rice processing, with all other relevant elasticities unchanged. The results are as expected. The total surplus remains unchanged from Table 1 but the distribution between the market levels is now quite different. Rice consumers now receive a larger share than shown in Table 1 and rice producers a corresponding smaller share.

The last three columns of results are for the assumption of no input substitution (σ = 0.0) applied across the three types of supply shifts. Again, the results are as expected. The total surplus values are the same as the corresponding values in Table 1, but now with the assumption of fixed proportions, the shares accruing to the different market levels are identical for each of the different shifts. This is exactly what theory would predict.

Implications
We now have a ‘first run’ EDM of the Lao rice market which solves and provides credible results. This platform can provide the basis for more detailed investigations in the future. 

The main issue at present is that this is a model of that segment of the industry which markets rice (approximately 20 per cent of total output) and it implies that this segment of the industry is completely independent of the rest of the industry. This means for example that if there is a demand shift at retail only those producers who market rice will share in the benefits, whereas we would expect a flow on of any changes in the farm gate price to all other rice producers. 

We need to consider how to combine the horizontal model approach outlined in Mullen et al. (2026) with the vertical model approach outlined here. One suggestion is to calibrate this model to total wet season, low input rice, as in Mullen et al., (2026), but specify both a market demand curve and a (very or totally inelastic) farm household demand curve to account for the proportion of output that is not traded. Total supply would then be allocated first to meet farm household requirements, and then any surplus would be available to the rice market through the current value chain processes. Variations in total supply brought about by changes in fertiliser application, or more broadly by adverse weather, pests and diseases and the like, therefore result in changes in the marketable surplus and consequent changes in prices at the various market levels. Work on this idea is progressing.
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Consumers 62,729 0.71 54,595 0.82 117,435 0.76

Rice producers 23,591 0.27 7,776 0.12 31,389 0.20

Processors 1,556 0.02 3,906 0.06 5,466 0.04

Total surplus 87,876 66,277 154,290
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