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Hence, the demand for input  is:  

  for each input . (4) 
If we substitute the input demands (Equation 4) into the production function and rearrange the 

terms, we obtain the supply function as: 

 . (5) 
The short-run supply elasticity of output with respect to output price is: 

 . (6) 
In the long run, price incentives and the increased profitability of a crop will induce adjustment of 

some of the fixed or quasi-fixed factors. When we account for these long-term effects, the long-run 
production response becomes: 

  . (7) 

In order to evaluate the impact of different inputs and investments, the marginal returns and 
benefit-cost ratios (BCR) per hectare are calculated. The farmers’ per-hectare fertilizer cost is readily 
available and is directly included in Equation (2). We can therefore derive the marginal return of 
production with respect to per-hectare fertilizer usage as the ratio of the marginal revenue from fertilizer 
use to the marginal cost of fertilizer (fertilizer price), as follows: 

 . (8) 

Here, the nominator is the marginal revenue from fertilizer use per hectare, which is the product of the 
output price at farmgate P, the average yield , and the output elasticity with respect to fertilizer ; and 
the marginal cost  is the average cost of fertilizer per hectare.  

In the case of irrigation, we compute the BCR of government spending as the ratio of the total 
additional revenue from irrigated areas to total government expenditure in water resources. To put this in 
per-hectare terms, the BCR is the additional revenue from irrigation per hectare over the public 
expenditure in construction/maintenance of irrigation facilities per hectare: 

 . (9) 

where BCR is the benefit-cost ratio of  irrigation; the unit irrigation expenditure is calculated as the 
average government expenditure on irrigating one hectare of irrigated land; Area is the total irrigated 
area; P is the output price at the farmgate;  is the average yield; and   is the output elasticity with 
respect to irrigation. Since there is a lag between an investment and its impact on production, we use an 
average lag of three years (i.e., production in 2007 is affected by irrigation investments made in 2004). 

Data Description 
The data used herein come from the national representative CSES conducted in 2004 and 2007. The 2004 
CSES includes information from a total of 14,984 households surveyed in 900 villages over a 15-month 
period. The 2007 CSES is a considerably smaller survey, comprising data from 3,593 households in 360 
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villages. These villages were a subsample of the CSES 2004, but the households were not necessarily in 
CSES 2004. Both surveys include information on household crop production, food and nonfood 
expenditures, and village-level information on the prices of food and nonfood items. More importantly, 
the surveys include data on access to community and social services (e.g., roads, electricity, water, 
markets, schools, and health facilities). We extract household-level production information from the 
Household Economic Activities section of the CSES questionnaire, including cultivated area, crop 
production quantity and value, and various input costs by plot. Household-head characteristics are taken 
from the Household Members section; credit and loan information comes from the Household Liabilities 
section; and the Village Questionnaire provides indicators of access to infrastructure and community 
services.  

Table 3 lists the variables used in the estimation, including outputs, inputs, household-head 
characteristics, and infrastructure variables. The outputs include the yields from dry and wet season 
paddies. The inputs include cultivated land, labor, fertilizer, irrigation, land tenure, and household loan 
status. The household-head characteristics include gender, age, and literacy. Finally, the infrastructure 
variables include access to markets, electrification, telecommunication, social services (e.g., hospitals and 
schools), and government extension services (i.e., technical support for crops).  

Table 3. List of variables 

Variable  Definition 
  
Outputs  
lnwetyield Natural log of wet season paddy yield in tons per hectare 
lndryyield Natural log of dry season paddy yield in tons per hectare 
  
Inputs  
lnlabor Natural log of household size divided by harvested area 
lnwetfertilizer Natural log of fertilizer cost per hectare for wet season paddy 
lndryfertilizer Natural log of fertilizer cost per hectare for dry season paddy 
wetirrigation Cost of irrigation; wetirrigation=1 if cost is greater than 0 for wet season paddy 
dryirrigation Cost of irrigation; dryirrigation=1 if cost is greater than 0 for dry season paddy 
paddyirr Irrigated paddy fields in village; paddyirr=1 if there are irrigated paddy fields in the village 
lnarea Natural log of plot cultivated area  
tenuretype Categorical variable for plot tenure type; tenuretype=1 if plot is owned, 2 if plot is rented out, 3 

if plot is rented in, 4 if plot is free use of communal land, or 5 if other tenure types 
agloan Categorical variable for agricultural loans; agloan=0 if household does not borrow for 

agricultural production, operation and/or implementation, and 1 if household borrows 
nonagloan Categorical variable for nonagricultural loans; nonagloan=0 if household does not borrow for 

nonagricultural purposes, and 1 if household borrows 
  
Household head characteristics 
gender Gender of household head; gender=1 if household head is male 
age Age of household head 
literacy Literacy of household head; literacy=1 if household head can read or write a simple message 
  
Infrastructure  
lndismarket Natural log of distance to a permanent market in kilometers 
lnelectricity Natural log of percentage of households in the village having public or private electricity 
lowsecondsch Existence of a lower secondary school in the village; lowsecondsch=1 if yes 
phone Existence of a public or private phone; phone=1 if yes 
hospital Number of referral, provincial, national, or private hospitals  
cropgovtech Existence of government technical support for crops; cropgovtech=1 if yes 
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Descriptive statistics for the variables are summarized in Table 4. Wet season paddy cultivation 
was the predominant crop in both survey rounds, accounting for more than 70 percent of the total 
harvested area and engaging more than three quarters of the sampled households. An average Cambodian 
household owned or operated multiple plots, and the number of plots increased over time; for example, an 
average family owned 1.53 plots of wet season paddy in 2004 versus 1.68 plots in 2007. However, the 
average harvested area remained small, generally less than one hectare per household. Our results are 
consistent with those of Knowles (2008), who reported that the majority of the poor in the rice-based 
farming system of Cambodia are smallholders typically owning or operating on less than one hectare of 
land. This suggests that increasing farm productivity may be the single most important pathway out of 
poverty in Cambodia as the potential of land expansion is limited.  

Table 4. Descriptive statistics for outputs and inputs, 2004 and 2007 

  Wet season paddy   Dry season paddy   
  2004 2007   2004 2007   
Output and input by plot       
Share of rice in harvested area (%) 70.6 70.2  12.6 18.4  
Number of households 8151 1576  1602 377  
Number of plots per household 1.53 1.68  1.28 1.33  
Average harvested area (ha) per household 0.94 0.91  1.02 1.26  
Yield (tons/ha) 1.75 2.02  3.01 3.64  
Household size 5.01 4.84  5.22 5.25  
Per household cost of fertilizer (Riels/ha) 138760 128719  192412 374457  
Households using fertilizer (%) 73.9 77.8  80.1 87.8  
Households using irrigation (%) 14.4 12.0  41.0 44.3  
Share of irrigated area in village in total 
harvested area (%) 13.9 19.3  68.2 63.4  

Households owning at least one plot (%) 95.7 95.6  93.7 91.4  
Household having agricultural loans (%) 12.8 8.4  22.9 15.9  
Household having nonagricultural loans (%) 30.8 30.1  27.8 35.5  
       
Household head characteristics       
Male head (%) 80.2 79.9  84.6 83.6  
Age 44.7 44.7  45.9 46.4  
Literacy 66.6 72.5  71.3 76.4  
       
Infrastructure        
Distance to market (km) 11.8 9.7  9.8 7.4  
Households with electricity in village (%) 4.1 7.9  4.4 10.0  
Lower secondary school access (%) 9.5 13.5  12.5 11.4  
Phone access (%) 73.1 95.3  86.7 96.7  
Hospital access (%)  0.05 0.05  0.02 0.01  
Access to government technical support for 
crops (%) 25.2 37.3   20.9 21.0   

Source: Authors’ calculations from CSES (2004 and 2007). 
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There is an observable increase in average rice yield between 2004 and 2007. For wet season 
paddies, the average yield increased from 1.75 to 2.02 tons per hectare, growing by 15 percent, whereas 
the average yield for dry season paddies expanded from 3 tons per hectare to 3.6 tons, increasing by more 
than 20 percent. This is consistent with the national averages reported by the Ministry of Agriculture, 
Forestry and Fisheries (various years), and is aligned with this upward trend over 2004-2007.  

The average household size was approximately five persons, and showed little change between 
the two survey years. In terms of modern inputs, the average cost of fertilizer decreased for wet season 
paddies, but that for dry season paddies increased sharply. The percentage of households using fertilizer 
increased for paddy production in both seasons. On average, about 78 percent of wet season paddy plots 
received fertilizer in 2004, and this percentage increased to 88 percent in 2007. The share of households 
paying for irrigation dropped slightly for wetseason paddies from 14.4 percent in 2004 to 12 percent in 
2007, while the share of households that incurred irrigation costs for dry season paddy cultivation 
increased more than 3 percentage points between 2004 and 2007. Among the sampled households, nearly 
20 percent of the wet season paddy producers reported having irrigation facilities in their villages, and 
more than 60 percent of the dry season paddy producers had access to irrigation facilities in their villages. 
More than 90 percent of households operated at least one of their land plots, regardless of crop type. 
Approximately 8.4 percent of the wet season paddy-growing households had taken out loans to support 
agricultural production and implementation, whereas about 30 percent of these households had taken out 
loans for nonagricultural reasons (e.g., education and health expenses). Among the dry season paddy-
growing households, 15.9 percent had borrowed for agricultural purposes, and more than one third had 
borrowed for nonagricultural purposes.     

About 80 percent of the surveyed households were male-headed. Their average ages were 45-47 
years, and three-quarters of the household heads were literate. Overall, access to infrastructure and public 
services improved considerably between the two survey rounds. The average distance to the nearest 
market dropped by more than two kilometers for all villages in the sample. More households had public 
or private electricity in the 2007 survey round, but the electrification rate remained low in general (the 
electrification rate was below 10 percent in rural Cambodia according to CSES 2004 and 2007). Access to 
lower secondary schools also improved, with about 15 percent of the sampled villages having at least one 
school in 2007. Telephone coverage had spread throughout the country, as about 96 percent of the 
sampled villages had at least one telephone in 2007. Farmers also experienced an increase in technical 
support from governmental agencies, with more than one third and one quarter of wet and dry season 
paddy growers, respectively, having access to such support in 2007. However, medical care was almost 
non-existent in most villages during the survey period; less than 2 percent of villages had access to some 
form of medical care by 2007, and there was only one hospital for every 20 or more villages.  

Estimation 
The Cobb-Douglas production function given in Equation (2) is separately estimated for wet and dry 
season paddies. The standard errors are adjusted for clustering by accounting for possible intragroup 
correlations based on the sample design. The output is the gross production quantity of each type of 
unmilled paddy. The inputs are labor, land (expressed in cultivated area), fertilizer, and irrigation. The 
production function also includes access to extension services, markets, electricity, telephones, schools, 
and hospitals. There are four agroecological (ecosystem) zones in Cambodia; they overlap with the 
provincial borders and are called Plateau/Mountain, Plain, Coastal, and Tonle Sap zones. Zone dummies 
are used to capture all regional effects that are not captured by the household- and village-level variables.  

Since production and the various inputs are measured in their logarithmic forms, all of the 
estimated parameters are the elasticities of these inputs (if the inputs are continuous). The function is 
estimated using ordinary least squares (OLS) regression at the plot level. The results for wet season 
paddies are presented in Table 5. The first two columns of the table report the results for wet season 
paddy production based on the 2004 and 2007 CSES, respectively, using all observations in the samples. 
We see that area expansion has the greatest impact on wet season paddy production; the production 
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elasticities with respect to cultivated area are 0.68 and 0.66 in 2004 and 2007, respectively. Since 
Cambodia is a relatively land-abundant country, this suggests that increasing cultivated area could be one 
short-term strategy for achieving food security. In the long run, however, enhancement in productivity is 
the only feasible approach for sustainable growth as additional land available for cultivation is limited. 
Fertilizer application also has a sizeable impact on wet season paddy production, with elasticities of 0.1 in 
2004 and 0.2 in 2007. 

In addition, the following impacts effects may be observed from the estimation. Irrigation of a 
wet season paddy significantly increases production by about 0.15 in 2004 (the combined effect of 
household and community irrigation). An additional 1 percent labor input elevates production by 0.04 
percent. Literacy of the household head increases wet season paddy production by 0.06 to 0.07 percent, 
while the presence of a lower secondary school in the village further increases production by an additional 
0.05 to 0.12 percent. Among the infrastructure variables, the distance to a permanent market and the 
electrification rate both have significant effects of the expected signs. If the distance to a permanent 
market is shortened by 1 percent, wet season paddy output is elevated by 0.008 percent in the 2004 
dataset. A 1 percent increase in the electrification rate increases output by 0.01 percent in the 2004 dataset 
and by 0.02 percent in the 2007 dataset. Access to government technical support is also important, 
increasing wet season paddy production by 0.09 percent in the 2004 dataset. Land accessibility (in the 
form of owned or rented-in land) raises production by 0.7 percent, and taking loans for agricultural 
production has a marginally significant impact on wet season paddy production in the 2004 dataset. 

The estimates for the wet season paddy production function fluctuate by year and agroecological 
zone (Plain, Tonle Sap, Coastal, and Plateau/Mountain), as shown in Table 5. Land remains the most 
important factor for increasing output, with elasticities ranging from 0.53 in the Coastal zone to 0.73 in 
the Tonle Sap zone. The fertilizer coefficients are also universally significant across all zones and show 
the expected signs, ranging from 0.07 in the Plain zone to 0.21 in the Coastal zone for the 2004 sample.  

In the Plain zone, the presence of irrigation facilities in the village increases output by about 0.2 
percent. Electricity, schooling, telephones, and roads are all important for wet season paddy production. 
Farmers who own their plot experience 0.83 percent higher production than those with no access to the 
rental market or free communal land, while those who rent in their plot have 1 percent higher output than 
those with no access to the rental market or free communal land. In the Tonle Sap zone in the 2007 
dataset, wet season paddy production is higher if the household head is literate, and/or if the household 
had access to irrigation. Distance to a market is a key driver of production progress; a 1 percent decrease 
in the distance to a market translates into a 0.01 to 0.03 percent output increase. The existence of 
government technical support for extension services, in the form of home visits, media and training, 
increases production by 0.16 percent in this zone. Electrification also help raise the output of wet season 
paddies in this zone. Wet season paddy production is more responsive to fertilizer application in the 
Coastal zone compared to the other zones, with elasticities of 0.21 to 0.24. The production elasticities of 
access to roads, electricity, and secondary schools are significant and of the expected signs. Compared to 
other types of land use (excluding owned, rented in, rented out, and free use of communal land), plots that 
are rented in tend to have 0.8 percent higher production, while plots that are rented out tend to have 0.67 
percent lower production. In the Plateau/Mountain zone, the coefficients of irrigation are significant and 
of the expected signs, at 0.17 to 0.20, and a 1 percent increase in electrification rate increases wet season 
paddy output by 0.3 to 0.7 percent. 
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Table 5. Wet season paddy production functions and returns to scale by agroecological zone 

  Cambodia  Plain zone  Tonle Sap zone  Coastal zone  
Plateau/Mountain 

zone 
  2004 2007  2004 2007  2004 2007  2004 2007  2004 2007 
lnlabor 0.038 -0.006  0.022 0.002  0.006 -0.071  0.248 0.016  -0.013 0.053 
 (2.30)* (0.18)  (0.99) (0.04)  (0.19) (1.31)  (4.84)** (0.15)  (0.26) (0.57) 
lnarea 0.683 0.656  0.692 0.619  0.731 0.739  0.527 0.559  0.642 0.587 
 (97.97)** (38.12)**  (72.42)** (22.04)**  (49.99)** (27.60)**  (25.74)** (9.74)**  (35.58)** (12.51)** 
lnwetfertilizer 0.100 0.205  0.067 0.238  0.104 0.138  0.211 0.235  0.137 0.128 
 (13.68)** (14.25)**  (6.51)** (10.48)**  (7.72)** (5.92)**  (8.17)** (4.62)**  (6.54)** (3.23)** 
wetirrigation 0.050 0.052  0.051 0.064  -0.010 0.209  -0.025 -0.075  0.166 0.195 
 (2.89)** (1.14)  (2.41)* (0.98)  (0.22) (1.75)+  (0.42) (0.61)  (3.77)** (2.11)* 
gender 0.009 0.074  0.055 0.087  -0.022 0.000  -0.169 0.242  0.008 -0.022 
 (0.46) (1.92)+  (2.24)* (1.50)  (0.59) (0.01)  (2.92)** (2.21)*  (0.14) (0.21) 
age  0.001 0.001  0.002 0.003  0.001 -0.001  -0.000 -0.002  -0.003 0.002 
 (1.70)+ (0.94)  (2.77)** (1.57)  (0.62) (0.38)  (0.11) (0.58)  (2.23)* (1.00) 
literacy 0.060 0.071  0.048 -0.018  0.096 0.238  0.094 -0.023  0.062 -0.021 
 (3.90)** (2.09)*  (2.31)* (0.33)  (3.22)** (4.67)**  (2.06)* (0.23)  (1.38) (0.28) 
paddyirr 0.102 -0.022  0.195 -0.085  -0.047 0.005  0.072 -0.101  -0.048 -0.149 
 (7.07)** (0.75)  (10.79)** (1.63)  (1.45) (0.10)  (1.36) (0.70)  (1.07) (1.87)+ 
lndismarket -0.008 -0.001  0.004 0.019  -0.032 -0.014  -0.014 -0.016  0.024 -0.073 
 (3.08)** (0.13)  (1.15) (1.98)*  (5.61)** (1.89)+  (1.84)+ (1.31)  (1.20) (1.25) 
lnelectricity 0.009 0.026  0.011 0.021  0.002 0.016  0.008 0.045  0.031 0.066 
 (5.30)** (7.91)**  (4.05)** (3.67)**  (0.56) (3.19)**  (1.62) (3.42)**  (4.07)** (4.48)** 
lowsecondsch 0.052 0.116  0.055 0.317  0.091 -0.020  0.045 0.367  -0.082 -1.503 
 (2.15)* (2.65)**  (1.78)+ (4.08)**  (1.85)+ (0.33)  (0.61) (1.69)+  (0.79) (2.44)* 
phone 0.027 -0.010  0.054   0.044 0.131  -0.026 -0.140  -0.072 -0.412 
 (1.62) (0.10)  (2.17)*   (1.51) (1.15)  (0.48) (0.59)  (1.54) (2.53)* 
hospital -0.012 -0.053  -0.021 0.019  -0.015   0.026 -0.103  -0.034 0.063 
 (2.11)* (3.49)**  (1.49) (0.33)  (1.35)   (2.32)* (3.39)**  (1.54) (0.98) 
cropgovtech 0.086 -0.022  0.029 0.071  0.153 -0.096  0.094 -0.561  -0.128 0.130 
 (5.85)** (0.75)  (1.50) (1.35)  (5.53)** (2.14)*  (2.14)* (3.37)**  (1.19) (1.51) 
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Table 5. Continued 

  Cambodia  Plain zone  Tonle Sap zone  Coastal zone  
Plateau/Mountain 

zone 
  2004 2007  2004 2007  2004 2007  2004 2007  2004 2007 
tenure type               
own -0.026 0.729  -0.079 0.829  0.105 0.338  -0.093 0.295  -0.130 0.142 
 (0.40) (3.98)**  (0.91) (3.45)**  (0.83) (0.89)  (0.62) (0.53)  (0.41) (0.77) 
rent out -0.249 0.127  -0.250 -0.562  -0.234   -0.666 0.614  0.466  
 (1.96)+ (0.27)  (1.46) (0.78)  (0.97)   (2.00)* (0.81)  (0.75)  
rent in 0.046 0.707  -0.038 1.028  0.180 -0.001  0.805 0.572  -0.145  
 (0.60) (3.54)**  (0.36) (3.75)**  (1.26) (0.00)  (1.86)+ (0.95)  (0.39)  
free use of 
communal land -0.291   -0.651   0.397      -0.545  

 (1.19)   (1.85)+   (0.96)      (0.87)  
loan               
agloan 0.033 0.032  0.027 0.107  0.045 -0.136  -0.121 0.362  0.015 -0.138 
 (1.73)+ (0.65)  (1.03) (1.49)  (1.31) (1.52)  (1.85)+ (1.82)+  (0.24) (1.08) 
nonagloan -0.059 0.012  -0.044 0.013  -0.076 0.028  -0.063 -0.136  -0.022 0.092 
 (4.13)** (0.40)  (2.34)* (0.26)  (2.66)** (0.56)  (1.37) (1.53)  (0.54) (1.22) 
Constant 5.714 3.732  5.968 3.761  5.576 5.529  4.677 3.648  5.821 7.113 
 (47.70)** (12.51)**  (30.89)** (5.76)**  (24.07)** (11.46)**  (13.87)** (4.27)**  (13.74)** (8.44)** 
Observations 9576 2000  4840 952  2949 658  905 195  882 195 
R-squared 0.58 0.68  0.57 0.56  0.57 0.77  0.55 0.76  0.68 0.73 
               
Return to scale 0.821 0.855  0.781 0.859  0.841 0.806  0.986 0.81  0.766 0.768 
P-value for 
constant return to 
scale 

0.00 0.00  0.00 0.12  0.00 0.00  0.84 0.08  0.00 0.09 

Short-run supply 
response 0.111 0.258  0.072 0.312  0.116 0.160  0.267 0.307  0.159 0.147 

Long-run supply 
response 0.924 1.152   0.841 1.249   0.951 0.960   1.346 1.169   0.911 0.900 

Source: Authors’ calculations from CSES (2004 and 2007). 
Note: Absolute values of t-statistics are given in parentheses; + significant at 10%, * significant at 5%, ** significant at 1%.  



17 

In summary, a 1 percent increase in cultivated area produces the greatest increase in wet season 
paddy production in the Tonle Sap zone. The Coastal zone giants the highest production boost from 
increased fertilizer application. Improved irrigation facilities significantly increase output in all zones 
except for the Coastal zone. Educational investment, which includes indicators such as a higher literacy 
rate and more secondary school access, positively impacts paddy production in the Plain, Tonle Sap and 
Coastal zones, but has little effect in the Plateau/Mountain zone. In terms of infrastructure indicators, road 
construction increases paddy production in the Tonle Sap and Coastal zones, whereas telecommunication 
has a positive effect only in the Plain zone. Yields are higher in villages where more houses have 
electricity in all zones. The impact of government crop extension services is associated with higher 
production in the Tonle Sap and Coastal zones. Households that rent in their land tend to have higher 
productions in the Plain and Coastal zones. Overall, it is clear that the impact of government investment 
in infrastructure and technical support varies substantially across zones.  

The results for dry season paddy production are summarized in Table 6. Land has the largest 
coefficient in the production function, indicating that there is great potential for output augmentation 
through land expansion if additional land is available. Paddy production is more responsive to fertilizer 
use during the dry season; a 1 percent increase in fertilizer application raises paddy output by about 0.21 
to 0.25 percent. Households with access to irrigation facilities in the village observe a production increase 
in the 2004 dataset. The coefficient for market access is significant at 0.01 and has the expected sign, 
while the coefficients of telecommunication are also positive and significant. In the Plain zone, fertilizer 
and irrigation substantially improve dry season paddy production; a 1 percent increase in fertilizer 
application increases paddy output by 0.20 to 0.26 percent, while irrigation adds further yield 
improvement. In addition, access to markets, telephones, and extension services all have positive impacts 
on dry season paddy production. In the Tonle Sap zone, fertilizer and irrigation are important for dry 
season paddy cultivation. If the distance to a market is shortened by 1 percent, the dry season paddy yield 
increases by 0.12 percent in the Tonle Sap zone. Availability of agricultural extension boosts output 
impressively, while access to a secondary school is very important, with a coefficient of 0.87 in this zone 
as well.  

Table 6. Dry season paddy production functions and returns to scale by agroecological zone 

  Cambodia   Plain zone   Tonle Sap zone 
  2004 2007   2004 2007   2004 2007 
lnlabor 0.058 0.012  0.083 0.033  0.072 0.066 
 (1.35) (0.16)  (1.85)+ (0.40)  (0.54) (0.13) 
lnarea 0.625 0.703  0.623 0.702  0.610 0.812 
 (35.17)** (21.32)**  (33.26)** (19.74)**  (10.58)** (4.14)** 
lndryfertilizer 0.203 0.25  0.195 0.259  0.210 0.102 
 (12.80)** (9.57)**  (11.81)** (9.23)**  (3.71)** (0.54) 
dryirrigation 0.002 0.051  0.003 0.040  -0.180 0.521 
 (0.04) (0.85)  (0.09) (0.63)  (1.40) (1.44) 
gender 0.020 0.097  0.030 0.043  -0.227 0.259 
 (0.37) (1.13)  (0.56) (0.46)  (1.14) (0.64) 
age  0.000 -0.003  -0.000 -0.003  0.005 0.002 
 (0.21) (1.34)  (0.16) (1.14)  (1.27) (0.11) 
literacy 0.063 0.043  0.061 0.063  0.190 0.210 
 (1.59) (0.59)  (1.48) (0.82)  (1.34) (0.47) 
paddyirr 0.214 0.027  0.253 0.087  -0.509 -0.394 
 (4.33)** (0.16)  (4.73)** (0.40)  (3.41)** (0.98) 
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Table 6. Continued 

  Cambodia   Plain zone   Tonle Sap zone 
  2004 2007   2004 2007   2004 2007 
lndismarket -0.017 0.006  -0.015 0.005  -0.121 0.137 
 (2.51)* (0.57)  (2.11)* (0.39)  (3.42)** (2.45)* 
lnelectricity 0.005 -0.018  0.002 -0.021  -0.013 0.054 
 (0.96) (2.95)**  (0.37) (3.10)**  (0.62) (1.32) 
lowsecondsch 0.020 -0.086  -0.110 -0.048  0.855 0.719 
 (0.39) (0.79)  (1.88)+ (0.34)  (5.53)** (1.38) 
phone 0.127   0.113   -0.031  
 (2.41)*   (2.13)*   (0.10)  
hospital -0.004 0.043  -0.005 0.044    
 (0.31) (0.98)  (0.35) (0.97)    
cropgovtech 0.031 0.023  0.084 -0.011  -0.162 1.347 
 (0.71) (0.33)  (1.80)+ (0.15)  (0.88) (2.84)* 
tenure type         
own 0.010 0.275  0.011 0.249  0.374  
 (0.07) (0.94)  (0.08) (0.84)  (0.56)  
rent out -0.064 0.197  -0.069 0.139    
 (0.24) (0.31)  (0.26) (0.21)    
rent in 0.006 0.216  -0.065 0.178  1.061 -0.345 
 (0.04) (0.69)  (0.40) (0.56)  (1.54) (0.76) 
free use of 
communal land  -0.164   -0.174    

  (0.42)   (0.44)    
loan         
agloan -0.043 0.109  -0.047 0.119  -0.223 -0.520 
 (1.10) (1.34)  (1.15) (1.40)  (1.66)+ (0.85) 
nonagloan -0.011 0.036  -0.013 0.049  0.043 -0.456 
 (0.27) (0.56)  (0.32) (0.71)  (0.36) (1.45) 
Constant 4.880 4.961  4.897 4.800  4.788 5.869 
 (18.50)** (8.16)**  (18.14)** (7.50)**  (4.80)** (2.42)* 
Observations 1636 421  1476 374  144 31 
R-squared 0.61 0.78  0.61 0.77  0.73 0.91 
         
Return to scale 0.886 0.965  0.901 0.994  0.892 0.98 
P-value for constant return to scale 0.01 0.66  0.03 0.93  0.41 0.97 
Short-run supply response 0.255 0.333  0.242 0.350  0.266 0.114 
Long-run supply response 1.189 1.448   1.189 1.528   1.215 1.106 

Source: Authors’ calculations from CSES (2004 and 2007). 
Note: Absolute values of t-statistics are shown in parentheses; + significant at 10%, * significant at 5%, ** significant at 1%.  

Comparison of the production functions for wet and dry season paddies reveals that the 
coefficients of area are significant (0.69 for wet season paddies and 0.63 for dry season paddies); indeed, 
this is the largest contributor to output increase (report results from 2004 for a larger sample). The second 
largest impact is that of fertilizer, which contributes 0.10 to 0.20 percent more paddy output. Irrigation is 
also a major determinant in rice production, with coefficients ranging between 0.15 and 0.21. However, 
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there are substantial differences in the production relationships across regions, especially among the 
infrastructure service variables. Infrastructure and public services are important for both cropping 
seasons, but the wet and dry seasons have different priorities with respect to these measures. Generally 
speaking, agricultural loans are not related to higher wet season paddy production or yields; this might be 
due to the fact that most agricultural credit programs allow farmers to expand area, but do not directly 
impact yield (like support the purchase of fertilizer or improved seed). The negative coefficients of non-
agricultural credit are understandable, since non-agricultural credit could help divert labor away from rice 
production toward non-farm business activities. 

As discussed above, the Cobb-Douglas production function allows us to inspect the returns to 
scales (i.e., the percentage change in output if all factors are increased by 1 percent). Table 5 and 6 show 
that agricultural production exhibits decreasing returns to scale at the farm level; this is consistent with 
the findings from numerous empirical studies in other developing countries. The returns to scale are 0.82 
for wet season paddies and 0.89 for dry season paddies. The coefficients from the econometric analysis 
allow us to derive the supply response and estimate returns to investment, as showed below.   

Supply Response 
Using the coefficients estimated from the Cobb-Douglas production function, we can derive the supply 
response with respect to the output price, based on Equation (6). In the short run, household access to 
paddy land, domestic labor, and irrigation facilities are inelastic and rarely change without access to large 
amounts of credit. Hence, we calculate the short-run supply elasticities by assuming that fertilizer is the 
only variable input. The estimated short-run supply elasticities for the 2007 dataset are 0.26 for wet 
season paddies and 0.33 for dry season paddies. In contrast, all inputs are viewed as variable in the long 
run, so the long-term supply elasticity will exceed the short-run value. Indeed, the long-run supply 
elasticities for the 2007 dataset are 1.15 for wet season paddies and 1.45 for dry season paddies. It is 
rather difficult for a Cambodian household to increase labor over a short time frame (i.e., within a couple 
of years), build irrigation facilities (e.g., canals), or acquire more land in the absence of external help with 
credit and technology. Therefore, we herein use the derived short-run supply response (elasticity) to 
simulate the output supply change that has occurred in response to the higher farmgate prices seen over 
the past several years. 

The estimated supply response varies substantially across the four agroecological zones. In the 
short run, the Plain and Coastal zones are more sensitive to the market price of wet season paddy rice. 
The own price elasticities are above 0.3 in these zones, compared to 0.14 to 0.16 in the Tonle Sap and 
Plateau/Mountain zones. The long-run supply elasticities with respect to own price are much higher than 
their short-run counterparts, ranging from 0.9 in the Plateau/Mountain zone to 1.25 in the Plain zone. Dry 
season paddy production responds to price changes more quickly than wet season paddy production, and 
therefore shows higher short- and long-run elasticities. The Plain zone leads the other zones with short- 
and long-run elasticities of 0.35 and 1.53, respectively. The Tonle Sap zone is next; it has a smaller short-
run elasticity of 0.11, but the long-run elasticity is still above unity in the region. These short-run supply 
elasticities are in line with those found in many other studies of rice supply responses in the region (Table 
2).  

Marginal Returns to Inputs and Investment 
Based Equations (8) and (9), we calculate the marginal returns to fertilizer, and the benefit-cost ratio 
(BCR) of irrigation. The marginal returns, or productivity impacts, are measured in dollars of additional 
output per each additional dollar of input cost or infrastructure improvement. The benefit-cost ratio of 
irrigation is calculated based on the total investment in water resources and the total additional revenue 
from the irrigated area. These measures provide useful information, allowing us to compare the relative 
benefits of additional investments across different items and agroecological regions. Such information can 
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be helpful for informing priorities when stakeholders seek to increase production and incomes, thereby 
reducing rural poverty.  

Table 7 shows the marginal returns of fertilizer application for paddy production (i.e. the 
additional revenue in dollars from one additional dollar of fertilizer per hectare) under different price 
scenarios. The marginal returns depend on the input (fertilizer) and output (rice) prices (Figure 2). We 
examine five scenarios designed to capture various combinations of output and input price changes. The 
first column (scenario 1) estimates returns at the output and input prices of the two survey years (2004 
and 2007, respectively). The second column calculates the returns using the 2007 farmgate (output) price 
and the survey year input prices. The 2007 farmgate price was about 40 and 33 percent higher than the 
2004 prices for wet and dry season paddy rice, respectively (CDRI 2008). Scenario 3 (third column) 
calculates returns using the 2008 farmgate price (an additional 40 percent higher than the 2007 price) and 
the survey year input prices, which climbed another 40 percent from 2007 price. Since input prices also 
rose during this period, largely due to higher fuel prices, scenarios 4 and 5 simulate the impacts of higher 
input prices on the marginal returns, with output prices held at the 2008 level. Scenario 4 (fourth column) 
presents the marginal returns from a 50 percent increase in input costs while keeping the output price at 
the 2008 level, thereby reflecting an increase in total production costs (CDRI 2008). Scenario 5 stimulates 
a 100 percent increase in input costs.  

Table 7. Marginal returns to fertilizer 
Scenario   Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 
Output price   survey year 2007 price 2008 price 2008 price 2008 price 
Input price   survey year survey year survey year increase 50% increase 100% 

Wet season paddy      

2004 

Plain 1.4 1.9 2.7 1.8 1.3 
Tonle Sap 2.0 2.8 4.0 2.7 2.0 
Coastal 1.2 1.7 2.4 1.6 1.2 
Plateau/Mountain 3.3 4.7 6.6 4.4 3.3 
Cambodia 1.8 2.5 3.5 2.4 1.8 

2007 

Plain 3.4 3.4 4.8 3.2 2.4 
Tonle Sap 3.8 3.8 5.4 3.6 2.7 
Coastal 1.5 1.5 2.1 1.4 1.0 
Plateau/Mountain 4.5 4.5 6.3 4.2 3.2 
Cambodia 3.6 3.6 5.1 3.4 2.5 

Dry season paddy      

2004 

Plain 2.1 2.8 3.9 2.6 1.9 
Tonle Sap 6.3 8.3 11.5 7.6 5.7 
Coastal 2.2 2.9 4.0 2.7 2.0 
Plateau/Mountain 8.9 11.8 16.3 10.8 8.1 
Cambodia 2.4 3.3 4.5 3.0 2.2 

2007 

Plain 2.3 2.3 3.2 2.1 1.6 
Tonle Sap 3.4 3.4 4.7 3.1 2.3 
Coastal 1.4 1.4 1.9 1.2 0.9 
Plateau/Mountain 8.6 8.6 11.9 7.9 5.9 
Cambodia 2.5 2.5 3.5 2.3 1.7 

Source: Authors’ calculations from CSES (2004 and 2007), and CDRI (2008). 
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Figure 2. Nominal rice prices in Cambodia, July 2007-March 2008 

 
Source: Authors’ calculations from Kaufman (2008) and IMF (2008b). 

Under scenario 1, the marginal returns of wet season paddies to fertilizer range from 1.2 in the 
Coastal zone to 3.3 in the Plateau/Mountain zone in the 2004 dataset, whereas these values range from 1.7 
in the Coastal zone to 4.7 in the Plateau/Mountain zone in the 2007 dataset. The rates of return to 
fertilizer increase in almost every zone between the two survey years. As the farmgate wet season rice 
price increases from $164 per ton in the 2004 dataset to $225 per ton in the 2007 dataset, the marginal 
returns increase significantly. As the price increases further to $320 per ton (the 2008 price), the same 
trend continues. At this high price level, if the price of fertilizer increases by 50 percent, the marginal 
returns fall but remain greater than unity, indicating profitability. Even if fertilizer prices double, it is still 
profitable for most farmers to produce fertilized paddy rice, due to the high price of rice. When dry 
season-rice prices increase from the 2004 survey year price to $180 and $250 per ton in 2007 and 2008, 
respectively, the profit margins of farmers surge. When the simulated input prices are increased by 50 and 
100 percent, producers still have incentives to apply fertilizer for paddy production.  

According to the Ministry of Economy and Finance (2003), the Cambodian government spent 16 
billion Riels (about $4 million) on water resources in 2004. Assuming that the entire government budget 
for water resources was allocated to agricultural irrigation, which covers the equivalent of about 147,000 
hectares of cultivated area, we can calculate the unit cost of irrigation as 109,184 Riels ($27) per hectare 
in 2004. We assume that there is a three-year lag in the irrigation investment structure, that is, the benefit 
of increased paddy yield from construction of irrigation facilities materializes approximately three years 
after the initial investment. Using coefficients estimated from the production function regression, we can 
use Equation (9) to calculate the benefit-cost ratio of irrigation in 2007, which is the additional revenue 
per hectare from irrigated area in 2007 divided by the unit cost of irrigation in 2004. Table 8 shows that 
the benefit-cost ratio of irrigation ranges from 2.2 in the Plateau/Mountain zone to 3.4 in the Tonle Sap 
zone in the 2007 dataset. Similar to the ratio for fertilizer, this ratio is consistently above unity even when 
the irrigation cost is doubled in the simulation. Of note, the results in the tables collectively indicate that 
all of the considered investments increase agricultural land productivity, but there are sizable differences 
in the productivity gains across the different agroecological zones.  
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Table 8. Benefit-cost ratio of irrigation 
Scenario   Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 
Output price   survey year 2007 price 2008 price 2008 price 2008 price 
Input price   survey year survey year survey year increase 50% increase 100% 

      

Wet season 
paddy 

Plain 2.5 2.5 3.5 2.3 1.7 
Tonle Sap 3.4 3.4 4.7 3.1 2.4 
Coastal 2.6 2.6 3.7 2.5 1.8 
Plateau/Mountain 2.2 2.2 3.1 2.1 1.6 
Cambodia 2.4 2.4 3.4 2.3 1.7 

      

Dry season 
paddy 

Plain 3.3 4.4 6.0 4.0 3.0 
Tonle Sap 3.1 3.1 4.2 2.8 2.1 
Coastal 2.7 2.7 3.7 2.4 1.8 
Plateau/Mountain 4.1 4.1 5.6 3.7 2.8 
Cambodia 3.9 3.9 5.3 3.5 2.6 

Source: Authors’ calculations from CSES (2004 and 2007), CDRI (2008), and MEF (2003). 
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4.  CONCLUSIONS  

Although political and macroeconomic stabilities have been achieved and key structural reforms have 
been initiated in Cambodia, the economy remains vulnerable and faces daunting challenges to the 
alleviation of pervasive poverty. External shocks, such as those stemming from decreased global growth 
and the increased frequency of floods and droughts in recent years, also pose major challenges to 
Cambodia’s development.  

This study estimates a production function for the Cambodian rice sector, using data from 2004 
and 2007 household surveys. Our findings indicate that besides land expansion, fertilizer and irrigation 
are major determinants in the paddy-supply response. A 1 percent increase in fertilizer use is estimated to 
increase output by 0.1 and 0.2 percent in dry season in wet and dry season paddies, respectively, while the 
existence of irrigation facilities increases output by 0.15 to 0.21 percent. Infrastructure (e.g., 
transportation and telecommunication) and public services (e.g., education and health care) all contribute 
to rice production in Cambodia. However, there are substantial differences in the production relationships 
across regions. The simulation results indicate that when input (fertilizer) prices increase, high output 
prices (such as those seen in 2007 and 2008) maintain the profitability of rice production, due to the 
crop’s high responsiveness to fertilizer application. Investment in irrigation also provides positive returns 
for paddy farmers. These findings are consistent with those from a previous multimarket model analysis 
of Cambodia (Arulpagasam et al. 2003), which found that the Green Revolution Package (including 
fertilizer and irrigation) increased rice production by 4 percent, agricultural income by 1.5 percent, and 
rice export by 31 percent. Additional investments to improve traditional seed varieties were projected to 
further increase rice production by 15 percent, agricultural income by 7 percent, and rice export by 228 
percent, showing a benefit-cost ratio of 1.7 (Arulpagasam et al. 2003).   

These findings have important implications for discussions on how to promote Cambodian rice 
supplies in the future. The poor are likely to benefit most from improvements in agricultural productivity 
and technology. It is clear that Cambodia should focus on the agricultural sector in order to achieve pro-
poor growth and corresponding reductions in poverty. As the majority of the poor in Cambodia live in 
rural areas and depend on agriculture, higher agricultural growth will provide food security by increasing 
supply, reducing prices, and raising the incomes of poorer farm households. The impact of the higher 
food prices currently seen in the world market and projected to continue through the near future could be 
moderated by supply responses over the medium term of six months to two years (ADB 2008), 
particularly if a responsive environment is fostered. 

To facilitate this response and improve food security, the Cambodian government should 
prioritize the largely neglected agricultural sector, focusing on three main target areas. First, there is 
considerable scope through which paddy production in Cambodia could be improved. It should be 
possible to raise Cambodian rice yields to the levels seen in its neighboring countries, if proper 
technologies (fertilizers, irrigation, machinery) are made widely available to farmers. At the same time, 
the government should improve rural infrastructure and public services by investing in markets, roads, 
electricity, telecommunications, education, health, and targeted agricultural extension services. Given the 
high responsiveness of rice production to fertilizer, farmers could considerably increase their yields and 
sales revenues if proper policies are implemented and inputs applications are increased. CDRI (2008) 
concluded that if rice prices remain at their 2008 highs after the next harvest, farmers would see 50-80 
percent higher net margins despite the higher input costs they were incurring at the same time. Thus, a 
clear and coherent strategy for the rice sector needs to be formulated around the dual objectives of 
achieving food security and increasing rice exports. 

Second, the promotion of modern technology and crop diversification should be tailored to local 
conditions. In some regions, poor road and market conditions prevent local producers from benefiting 
from the comparative advantages of rice production. More investment in infrastructure could enable these 
farmers to collect the latest market information and transport their produces to Phnom Penh and other 
regional markets. Investments in rural roads have been shown to yield high returns to poverty reduction in 
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developing countries (Fan, 2008). Improving rural roads in Cambodia will help the rural population gain 
access to key services.  

Third, there is no one-size-fits-all recipe for increasing agricultural incomes across all of 
Cambodia’s geographic regions. Each agroecological zone has unique soil characteristics, water 
conditions, infrastructure stocks and human capital stocks. It is important to target public investments 
such that they will have the highest impacts on productivity and poverty, and government support 
programs should be designed accordingly. The effects of public investments could be significantly 
enhanced if spatial variations are considered during the planning and implementation phases. For 
example, improved access to roads is estimated to increase the outputs of wet season paddies in the Tonle 
Sap zone, but has little impact on farmers in the Plateau/Mountain zone. Thus, investments in 
transportation will be more likely to generate additional incomes and alleviate food insecurity through 
increased production and income in the Tonle Sap zone compared to the other wet season paddy-
producing zones. In regions with high potential and reliable market access, policies promoting high-value 
crops could also substantially increase farmers’ incomes and help lift them out of poverty. 
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