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ABSTRACT 

As in many parts of the developing world, the share of high value crops in agricultural gross domestic 
product (AgGDP) has increased substantially in Nepal. We contribute to the literature on trends in 
agricultural development in the poorest countries by answering the research question on “Does transition 
from traditional to high-value agriculture reduce rural poverty in poor developing countries”? We also 
identified the drivers leading to this transition. The study uses survey data from three rounds of the 
nationally representative Nepal Living Standard Surveys: NLSS I (1994/1995), NLSS II (2004/2005) and 
NLSS III (2010/2011). Multi-level model was used to study the determinants of agricultural 
diversification. To estimate the causal impact of agricultural diversification on welfare measures, 
propensity score matching and instrumental variable techniques were used. Results indicate that there has 
been a rightward shift in the distribution of the share (percent) of high-value crops between 1995 and 
2004 and between 2004 and 2010, respectively. The area as well as the shared by major cereals (paddy, 
maize, and wheat) is declining over years. However, it is increasing for high-value crops (potato, 
vegetables, spices/condiments, and fruits). The percentage increase in share of the high-value crops was 
higher in or adjacent to urbanized districts between 1995 and 2010. The factors positively associated with 
the agricultural diversification are female-headed households, caste, mother's education, net-buyer status, 
urban region, remittance, farm size, kitchen garden, improved seeds, telephone and refrigerator. We found 
positive impact of agricultural diversification towards high-value crops on rural poverty and monthly per 
capita consumption expenditure. However, for cereal crops grower, we find the negative impact on 
poverty and monthly per capita consumption expenditure. 

Keywords:  agricultural diversification, high-value farming, rural poverty, consumption 
expenditure, Nepal 



viii 

ABBREVIATIONS 

AIC Akaike Information Criterion 

ATE average treatment effect  

ATT average treatment effect on the treated 

CBS Central Bureau of Statistics 

CIA conditional independence assumption 

GDP gross domestic products 

HHI Hirshman-Herfindahl Index 

HVCs high-value crops 

IV instrument variable 

MPCE monthly per capita consumption expenditure 

NLSS Nepal Living Standard Survey 

OLS ordinary least squares 

 



1 

1.  INTRODUCTION 

Agriculture is the backbone of Nepalese economy. It contributes about 33 percent to the gross domestic 
product (GDP) (Nepal, MOF 2015) and provides livelihood for more than 60 percent of the total 
population (Nepal, CBS 2011). The country is unlikely to prosper without the development of agricultural 
sector. Since growth in the agriculture sector leads to the higher reduction in poverty in comparison to the 
other sectors (de Janvry and Sadoulet 2009; Ravallion and Datt 1996; Warr 2003; Kumar et al. 2011); 
agriculture has been the most prioritized sector in the country.1The recent increase in agricultural budget 
by 41 percent between 2015 and 2016, and allocation of about 6 percent of the total budget (1040 billion 
Nepalese Rupees) in 2016, greatest in the history, shows the high importance placed by Nepal 
Government for the development of the agricultural sector. The main aim of government is to make the 
country self-reliant in agriculture. 

Unfortunately, t the agriculture is still subsistence in nature. However, commercialization of 
agriculture is gaining momentum since the last decade. It is estimated that 55.3 percent of the agriculture 
entities are based on the subsistence farming while only 44.7 percent are commercialized in nature 
(Nepal, MAD 2014). Despite pouring financial and technical support by government, and various national 
and international agencies, agricultural performance has not been satisfactory.2Agriculture sector is 
mainly dominated by marginal and small farms (less than one hectare) and operates at the low economies 
of scale (Nepal, CBS 2011). Due to the culture of inheriting land by the young ones from their parents; 
there has been an increasing fragmentation of land.3Agricultural activities mainly take place in rural 
areas, and faces severe problems in accessing markets, credits and transportation. Recent surges in 
outmigration, especially of productive youth of the agricultural labor force, has caused shortage of male 
labor and led to feminization of agriculture in the country.4 Taking into account of the input constraints 
especially the irrigation and land, low economies of scale and low net returns per unit of land from 
traditional crops, there is an increasing trend of farmers shifting towards commercialized and high-value 
crops(HVCs) in Nepal (Nepal, CBS 2011).5 Moreover, it is widely believed that rapid urbanization, 
dietary transformation and increase in per-capita income has changed food demand pattern from cereal 
towards high-value and processed foods.  

Agricultural diversification towards high-value crops is one of the viable ways for improving 
livelihood of the small farmers, and has been gaining increasing attention especially in the poor 
developing economies (Barghouti et al. 2004). It has been considered as an effective means of reversing 
the declining trend of agricultural growth (Rosegrant and Hazell 2000; World Bank 2002). Rahman 
(2009) suggested that the crop diversification is a preferred means for achieving agricultural growth in 
Bangladesh. A recent study from India by Birthal et al. (2015) found that households diversifying towards 
HVCs tend to be less poor (3–7 percent). The smallholder farmers (less than or equal to 2 ha) have the 
greatest poverty reduction. The crop diversification reduced income variability in Sudan (Guvele 2001). 
Diversification towards high-value vegetable crops led farms to earn a steady income in China (Van den 
Berg et al. 2007). Past studies from various countries indicate that the crop diversification towards high-
value crops can be a means of generating employment, augmenting income and reducing poverty (von 

                                                      
1National Agricultural Sector Development Policy 2010, the Three-Year Plans (TYP), Rural Infrastructure Plan 2004, Agro-

Business Promotion Policy 2006 and several other policy formulations have acknowledged the role of agriculture and 
emphasized in developing the agriculture sector. 

2The average cereal yield of Neal is 2570 kg/ha which is lower than Pakistan (2930), Srilanka (4799), Bangladesh (4384) 
and India (2975) (World Bank 2013). 

3 The agricultural land (ha) per household reduced from 1.1 to 0.7 between 1995 and 2011. Similarly, the percentage of 
households operating less than 0.5 ha increased from 40.1 to 51.6 percent in the same time period (Nepal, CBS 2011). 

4 The involvement of women in agriculture as labor force increases from 36 percent in 1981 to 49.8 percent in 2011 (NLSS 
2011). 

5 High value production (such as fruit, vegetables, tea, and coffee) has been increasing over the years. Vegetable production 
has increased by 9 percent per year while Tea and Coffee production have increased from a range of 15 to 30 percent annually 
(Nepal, MAD 2011). 
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Braun 1995; Pingali and Rosegrant 1995; Jha 1996; Chand 1996; McCulloch and Ota 2002; Barghouti et 
al. 2004; Birthal et al. 2013; Joshi et al. 2004; Weinberger and Lumpkin, 2007; Joshi et al. 2003).  

Since agricultural diversification towards high-value crops is an important strategy towards 
augmenting income, generating employment and reducing poverty, it is essential to promote the high-
value farming to uplift the living standards of marginal and small farms of poor developing countries. 
Therefore, it is very important to assess factors influencing agricultural diversification towards high-value 
crops. There is a burgeoning literature on factors influencing the agricultural diversification towards high-
value crops (Pingali and Rosegrant 1995; Barghouti et al., 2004, Chand 1996, Pingali 1997; Agarwal, 
2004; Joshi et al. 2004; Rao et al. 2006; Kumar et al. 2012). 

In Nepal-a country dominated by marginal and small farms Government has proposed high-value 
farming as an important strategy for developing a more commercial and competitive agricultural sector 
(Nepal, MAD 2014). Commercialization of the agricultural sector has been an important theme in the 
major agricultural policies. Figure 1.1 shows the kernel density plot of the share (percent) of high-value 
crops in total value of output from crop in a district. Clearly there has been a rightward shift in the 
distribution of the share (percent) of high-value crops between 1995 and 2004 and between 2004 and 
2010. To promote HVCs in Nepal, it is important to assess the factors responsible for this shift from 
cereal oriented agricultural system towards HVCs and its influence on household welfare indicators. 
Given the importance and scope of the agricultural diversification towards high-value farming in Nepal, 
the objectives of this study are 1) to assess the status and extent of agricultural diversification; 2) to 
determine the factors influencing the agricultural diversification;3) to assess the factors that are important 
in explaining the transformation from subsistence to commercial and high-value farming between 1995 
and 2011; and 4) to estimate the impact of agricultural diversification on rural poverty. As we are aware 
of, this is the first empirical study on agricultural diversification using nationally representative data from 
1995, 2004, and 2010 in Nepal. The findings of this study will have important implications towards 
promotion of high-value crops in Nepal. 

Figure 1.1 Value share (percent) of high-value crops in total production value in a district in 1995, 
2004 and 2010 

 
Source:  NLSS I, II, and III (Nepal, CBS 1996, 2004, 2011).  
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The remaining sections are organized as follows. The second section concentrates on the data. 
Third section elaborates on the status and extent of the agricultural diversification. Fourth section explains 
the factors influencing the agricultural diversification and shifts in the diversification pattern from cereal 
towards high-value farming between 1995 and 2011. Fifth section discusses on estimating the impact of 
the agricultural diversification on rural poverty. Finally, the sixth section concludes and provides 
necessary policy recommendations to promote high-value farming in Nepal. 
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2.  DATA 

This study primarily relies on three rounds of nationally representative household surveys: the 1995–
1996, 2003–2004, and 2010–2011 Nepal Living Standard Surveys (NLSS). These surveys were 
conducted by the Nepal Central Bureau of Statistics, following the methodology of the World Bank's 
Living Standard Measurement Survey. The NLSS data were collected by trained enumerators where 
samples are selected using a two-stage stratified random sampling technique. An integrated household 
questionnaire was used to collect a comprehensive set of data on household demographics, consumption, 
income, access to facilities, employment, credit, remittances, health, agriculture, nonagricultural activities 
etc. Total of 13288 households were surveyed: 3388 in 1995, 3912 in 2004, and 5988 in 2010. We 
retained only those households that either owns land or rent land or both. Finally, this restricts our total 
sample size of 8998 households (2411 in 1995, 2620 in 2004, and 3967 in 2010). In addition to the NLSS 
data, we collected road infrastructure data from the Department of Roads, Nepal. Annual rainfall data 
were obtained from the Department of Hydrology and Meteorology, Nepal. Data on urban population at 
the district level were obtained from 1991, 2001 and 2011 Nepal Census. 
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3.  STATUS AND EXTENT OF AGRICULTURE DIVERSIFICATION 

Agricultural diversification has been measured and interpreted in different ways in the literature. Shively 
and Sununtnasuk (2015) defined agricultural diversification as the number of crops grown by a 
household. Households growing more number of crops are considered to be more diverse than households 
growing less number of crops. Agricultural diversification is also measured in terms of the proportion of 
area allocated to different crops (Birthal et al. 2013). Different statistical tools are used for measuring 
agricultural diversity such as Index of maximum proportions, Simpson Index, Entropy Index, Modified 
Entropy Index, Composite Entropy Index, Hirshman-Herfindahl Index, etc. Due to the lack of information 
on the proportion of area allocated to different crops, we used information on the annual value of crops 
produced by the households to measure agricultural diversification. We focus on the share of high-value 
crops on the total value of crop production as an indicator of crop diversity given the importance of high-
value crops and emphasis placed by Nepal government on promoting high value and commercial crops.  

Table 3.1 illustrates the percentage of area allocated to different crops in 1995, 2004, and 2010. 
Clearly, the area shared by major cereals (paddy, maize, wheat) and pulses is declining while the area 
shared by high-value crops (potato, vegetables, spices/condiments, and fruits) is increasing. Among the 
major cereal crops, paddy witnesses the largest decline in area share (10 percent) while the smallest 
decline (1.6 percent) is observed in the case of wheat. In case of high-value crops, the largest increase 
(1.38 percent) is found for vegetables and smallest increase (0.31 percent) is found for the spices and 
condiments. 

Table 3.1 Area shared (percent) by different crops in Nepal 

 Crops 1995 2004 2010 
Paddy 44.32 38.32 34.65 
Maize 23.44 21.12 20.98 
Wheat 19.35 16.80 17.77 
Oilseed 5.48 4.67 4.95 
Potato 3.14 3.65 4.23 
Vegetables 4.27 4.49 5.65 
Spices/Condiments  -  0.85 1.16 
Fruits  - 2.22 2.73 
Pulses  - 7.87 7.74 

Source: Nepal, Ministry of Agriculture (2011). 

Table 3.2 shows the share of different crops in Terai, Hills and Mountains in 1995, 2004, and 
2010. In all years and all agroecological regions, rice has the highest share. This is not surprising as rice is 
the main staple food in Nepal. After rice, maize has the highest share in hills and mountain while wheat 
has the highest share in Terai. One of the reasons for this is the favorable agroclimatic condition for 
growing maize in mountain and hills in comparison to the Terai. The share of root and pulse crops is 
highest in the Terai followed by the Hill and Mountain. The share of high-value crops is highest in the 
Hill followed by the Terai and Mountain in all years. The intriguing results shown by Table 3.2 is the 
declining share of major cereal crops while increasing share of roots, pulses, and HVCs in all 
agroecological regions across time. Between 1995 and 2010, the share of total cereals is reduced by 14.64 
percent, 12.76 percent, and 10.58 percent in Mountain, Hills, and Terai, respectively. However, the share 
of HVCs is increased by 8.88 percent, 9 percent, and 8.63 percent in these agroecological zones showing 
the evidence of noticeable transition from cereal based farming to HVCs farming in Nepal. 
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Table 3.2 Value shares (percent) of different crops by agroecology and surveyed years 

Year  Crops  Mountain Hill Terai 
  Rice 24.96 31.04 60.24 
  Maize 23.36 26.94 4.54 
  Wheat 12.29 8.04 12.92 
1995 Total Cereals 78.50 74.68 78.91 
  Fruits 1.74 2.64 3.02 
  Vegetables 6.96 11.03 6.31 
  Spices 6.14 4.21 3.73 
  Roots 6.66 7.43 8.03 
  Pulses 0.20 0.39 1.03 
  High-value crops 8.70 13.67 9.33 
  Rice 32.58 31.50 57.29 
  Maize 22.61 23.88 4.43 
  Wheat 10.38 7.38 11.96 
2004 Total Cereals 76.45 69.34 74.59 
  Fruits 1.91 3.93 4.21 
  Vegetables 11.42 15.25 9.76 
  Spices 4.99 4.79 3.77 
  Roots 5.88 7.25 8.82 
  Pulses 0.64 0.56 1.14 
  High-value crops 12.69 18.62 12.83 
  Rice 26.58 30.53 51.79 
  Maize 18.94 19.69 3.59 
  Wheat 8.28 6.49 12.41 
2010 Total Cereals 63.86 61.92 68.33 
  Fruits 3.51 4.90 5.97 
  Vegetables 14.71 18.92 13.50 
  Spices 9.66 5.76 3.85 
  Roots 8.90 9.64 9.85 
  Pulses 0.63 1.15 1.51 
  High-value crops 17.58 22.67 17.96 

Source: NLSS I, II, and III (Nepal, CBS 1996, 2004, 2011). 

Table 3.3 illustrates the share of different crops based on the farm types and surveyed years. We 
classified the household based on the size of the land holdings. Households owning less than 0.33 hectare, 
between 0.33 and 0.66, between 0.66 and 2, and greater than 2 hectares are considered as marginal, small, 
medium, and large farms, respectively. 
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Table 3.3 Value shares (percent) of different crops by farm size categories and surveyed years 

Year Crop Marginal Small Medium Large All 
 Share in landholdings 32.33 22.31 34 11.36 - 
 Rice 32.91 39.63 44.58 49.26 41.59 
 Maize 19.98 20.09 18.27 12.28 17.66 
 Wheat 10.02 10.03 10.47 12.29 10.70 
1995 Total Cereals 71.77 78.20 79.72 79.42 77.28 
 Fruits 2.83 2.80 2.32 2.65 2.65 
 Vegetables 12.94 8.01 6.50 4.81 8.06 
 Spices 0.69 0.41 0.51 0.82 0.61 
 Roots 4.96 3.56 4.15 4.82 4.37 
 Pulses 7.50 7.44 7.31 8.31 7.64 
 High-value crops 15.77 10.80 8.82 7.46 10.71 
 Share in landholdings 34.68 26.13 32.24 6.95  
 Rice 37.82 39.87 43.90 49.97 42.89 
 Maize 16.60 17.86 16.82 9.91 15.29 
 Wheat 8.90 9.80 9.87 9.44 9.50 
 Total Cereals 68.85 73.18 75.21 72.34 72.39 
2004 Fruits 3.89 3.21 3.73 5.21 4.01 
 Vegetables 16.76 11.67 9.81 9.56 11.95 
 Spices 0.83 0.73 0.70 1.14 0.85 
 Roots 4.39 4.74 4.04 5.41 4.65 
 Pulses 6.94 7.94 7.91 8.62 7.85 
 High-value crops 19.82 14.14 12.84 13.63 15.11 
 Share in landholdings 37.84 25.65 27.52 8.98  
 Rice 36.41 38.42 40.91 41.81 39.39 
 Maize 13.40 14.69 13.07 8.65 12.45 
 Wheat 8.52 9.74 9.27 8.14 8.91 
 Total Cereals 62.23 67.14 66.88 60.82 64.27 
2010 Fruits 5.16 4.91 5.49 5.34 5.23 
 Vegetables 20.24 13.92 12.61 18.86 16.41 
 Spices 1.39 1.09 1.16 1.36 1.25 
 Roots 5.25 5.00 5.55 6.06 5.47 
 Pulses 8.50 10.11 10.62 10.27 9.88 
 High-value crops 24.01 17.74 16.94 22.84 20.38 

Source: NLSS I, II, and III (Nepal, CBS 1996, 2004, 2011). 

More than 50 percent of the households are from marginal and small households. Between 1995 
and 2010, the proportions of marginal and small households increased by 5.51 percent and 3.34 percent, 
respectively. However, proportions of medium and large households decreased by 6.48 percent and 2.38 
percent in the same period. This substantiates the evidence of increasing land fragmentation in Nepal. The 
share of rice is highest for the larger farms while the share of HVCs is highest for the marginal farms 
across all years indicating the importance of high-value crops for households owning small landholdings. 
The share of cereals decreased while the share of HVCs increased between 1995 and 2010 for all farm 
types.  

Table 3.4 presents the percentage of households growing high-value crops based on the farm 
types and surveyed years. Between 1995 and 2010, marginal, small, medium and large farms growing 
high-value crops increased by 13 percent, 19 percent, 27 percent and 22 percent respectively. On average, 
the percentage of households growing HVC increased by 21 percent between 1995 and 2010. All these 
evidences suggest the increasing attraction of high-value crops. Especially there has been a significant 
increase in the percentage of households growing vegetables (by 22 percent) and fruits (by 36 percent). 
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Table 3.4 Percentage of households growing high-value agriculture by farm size and surveyed years 

 Variable  Year 
Marginal 
(<0.33 ha) 

Small (0.33-
0.66 ha) 

Medium 
(0.66-2ha) 

Large 
(>2 ha) All 

% of households growing 
high-value crops 

1995 67.81 
(1.98) 

63.83 
(2.43) 

55.24 
(2.02) 

50.73 
(3.87) 

59.60 
(1.21) 

  2004 81.29 79.89 77.67 77.23 79.26 
  

 
(1.54) (1.95) (1.73) (3.69) (0.98) 

  2010 80.54 82.37 82.11 72.01 80.60 
  

 
(1.26) (1.45) (1.49) (2.81) (0.78) 

 % of households growing 
vegetables 

1995 65.52 
(2.02) 

58.97 
(2.58) 

54.20 
(2.02) 

50.29 
(3.87) 

57.53 
(1.23)   

  2004 67.39 58.93 54.97 60.02 60.14 
  

 
(1.80) (2.25) (1.94) (4.25) (1.13) 

  2010 78.53 81.00 81.32 70.22 79.15 
  

 
(1.30) (1.48) (1.50) (2.86) (0.80) 

  % of households growing 
fruits 

1995 7.95 
(1.29) 

11.14 
(1.58) 

10.07 
(1.13) 

11.67 
(2.42) 

9.99 
(0.74)   

  2004 21.35 29.78 35.62 51.19 31.42 
  

 
(1.58) (2.00) (1.83) (4.41) (1.07) 

  2010 37.02 49.61 56.99 36.33 46.21 
  

 
(1.42) (1.76) (1.75) (2.98 (0.91) 

 % of households growing 
spices and condiments 
  
  
  
 
 

1995 28.05 
(1.98) 

26.99 
(2.29) 

28.87 
(1.79) 

29.75 
(3.47) 

28.40 
(1.11) 

 

2004 73.97 71.22 70.92 72.10 72.01  
(1.69) (2.11) (1.84) (3.86) (1.05) 

2010 57.96 69.10 71.41 54.46 64.50  
(1.47) (1.67) (1.67) (3.04) (0.89) 

Source:  Authors. 
Note:  Figures in round parentheses are standard errors 

Table 3.5 shows the top high-value crops in terms of its contribution. We find fruits (Banana, 
Mangoes, Papaya and Pineapple) as an important emerging high-value crops followed by vegetables 
(such as tomatoes and green leafy vegetables). Although the shares of fruits to be lower, we find 
relatively higher share of green leafy vegetables and potatoes. We also presented the nominal average 
national retail prices of important traditional and high-value crops (Table 3.6). Between 1995 and 2011, 
prices for all traditional crops increased by more than 100 percent with the highest growth rate observed 
for wheat flour. For high-value crops, there is a high variation in the price increases. Price increase is 
highest for the potatoes (179 percent) while is lowest for the cauliflower. Overall the results suggest that 
the average price increases is highest for the traditional crops in comparison to the high-value crops.  

Table 3.5 Percentage share of different high-value crops on the total production value and its 
growth between 1995 and 2011 

High-value crops 1995 2004 2011 
% growth rate 
(1995 to 2011) 

Banana 0.62 1.15 1.41 127.12 
Mangoes 0.68 0.97 1.47 116.78 
Papaya 0.41 0.63 0.85 105.76 
Pineapple 0.05 0.07 0.11 104.11 
Tomatoes 0.68 0.84 1.14 66.79 
Green leafy vegetables 4.70 6.81 7.46 58.55 
Citrus 0.48 0.68 0.76 57.63 
Cauliflower 0.59 0.70 0.87 47.04 
Potatoes 4.35 4.44 4.62 6.07 

Source:  Authors. 
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Table 3.6 Nominal average retail prices of traditional and high-value crops and its change between 
1995 and 2011 

Crops 1995 2004 2011 Price change in percent a 

Traditional crops b     
Coarse rice (Rs/Kg) 13.99 18.13 35.11 150.96 
Mansuli rice (Rs/Kg) 16.3 22.94 44.59 173.56 
Wheat flour(Rs/Kg) 12.38 20.45 35.55 187.16 
High-value crops c     
Potatoes(Rs/Kg) 10.02 11.65 28 179.44 
Onion(Rs/Kg) 14.87 23.13 40.64 173.30 
Tomato(Rs/Kg)** 22.02 18.48 39.34 78.66 
Cauliflower (H) (Rs/Kg) ** 28.18 29.81 37.5 33.07 
Banana (Doz) ** 16.66 25.85 41.25 147.60 
Mangoes(Rs/Kg) ** 39.31 60.38 74.38 89.21 

Source:  Authors. 
Note:  a Price change (%) is calculated between 2011 and 1995. b Nominal average national retail prices. c Kathmandu nominal 
retail prices. Sources: Source: Ministry of Agriculture, Nepal 

Table 3.7 provides the average share of HVCs (percent) at household level under various 
situations in Nepal. Households that do not have access to irrigation, are female-headed, are not poor, and 
do not hire labor have the higher average share of HVCs. Similarly, households that have received 
remittance, taken agricultural loan, and net-buyers of food have the higher average share of HVCs. 

Table 3.7 Status of share of high-value crops (percent) under different scenarios in Nepal 

Source:  Authors. 

Figure 3.1 presents the spatial pattern of the distribution of the share of HVCs (percent) across 
districts in 2010.6 Majority of the districts from eastern and central regions have more than 20 percent 
share of the HVCs. However hilly and mountainous districts from far-western region have less than 15 
percent share of the high-value crops. One of the reasons for such spatial pattern can be attributed towards 
remoteness and low urbanization of far-western districts in comparison to the highly developed and 
urbanized districts from eastern and central regions. 

                                                      
6Humla, Dolpa, Mustang and Manang districts were not surveyed in NLSS 2010. 

Factor No Yes 
Access to Irrigation 19.61 14.02 
Female-headed 21.47 15.36 
Received Remittance 16.02 18.89 
Taken agriculture loan 16.33 20.01 
Net-buyer  10.57 19.37 
Hire labor 20.48 14.52 
Poor 17.87 13.13 
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Figure 3.1 The distribution of the share of high-value crops (percent) across districts in 2010 

 
Source:  Authors. 
Note:  Figure shows the value share (%) of high-value crops in total production value of a district in 2010 Humla, Dolpa, 
Mustang, and Manang districts have missing values. 

Figure 3.2 illustrates the percentage change in the share of the high-value crops in a district 
between 1995 and 2010.Except eight districts, all districts witnessed increased share of HVCs. Districts 
with increase of more than 15 percent change in share are located periphery to the capital city or are 
located within or adjacent to highly urbanized districts like Kaski, Sunsari and Morang. It is surprising to 
see decreasing share of the HVCs in some districts like Lalitpur, Makwanpur and Nuwakot.  

Figure 3.2 Percentage change in the share of the high-value crops in a district between 1995 and 
2010 

 
Source:  Authors. 
Note:  Figure shows the value share (%) of high-value crops in total production value of a district in 2010 Humla, Dolpa, 
Mustang, and Manang districts have missing values. 
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Although we mainly focus on the share of high-value crops in the total value of crop production 
as an indicator of agricultural diversity, we also computed Hirshman-Herfindahl index (HHI) to assess the 
extent of crop diversification in Nepal. If the household has cultivated a single crop, the HHI will be zero. 
The value ranges between 0 and 1. The HHI was computed as follows: 

 
𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖 = 1 −�(𝑉𝑉𝑉𝑉𝑗𝑗)2

4

𝑗𝑗

 (1) 

where 𝑉𝑉𝑉𝑉𝑗𝑗 represents the share of jth crop group in total value of household crop production portfolio. 
There are four crop groups—Cereals, HVCs, Root crops and Pulses. Figure 3.3 shows the extent of crop 
diversification in Nepal. The top five districts with the lowest crop diversification were Bara, Parsa, 
Kathmandu, Bhaktapur and Morang. Similarly, the top five districts with the highest crop diversification 
were Jumla, Mugu, Solukhumbu, Baitadi, and Baglung. This figure clearly shows high crop specialization 
in Terai and highly urbanized districts and high crop diversification in Hilly and Mountainous districts 
that have poor access to markets and transportation facilities. The HHI in 2010is found to be highest for 
Mountain (0.46), followed by Hills (0.45) and Terai (0.37). Similarly, the HHI was found to be lower in 
eastern (0.41) and central (0.39) regions in comparison to the western (0.43), Midwestern (0.45) and far-
western (0.43) regions.
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4.  DETERMINANTS OF AGRICULTURAL DIVERSIFICATION IN NEPAL 

This study employs multi-level model to study the determinants of agricultural diversification towards 
HVCs in Nepal. The dependent variable is the percentage share of the value of high-value crops in total 
value of crop production of a household. Our unit of analysis is at the household level. Households from a 
same community may have similar topography, weather, and access to markets, roads, credits, and 
knowledge on high-value crops farming. Therefore, our second level of analysis is at the community 
level. Finally, our third level of analysis is at the district level since community belonging from urban and 
Terai districts are likely to perform better than rural, hilly and mountainous districts in terms of 
diversification towards HVCs. There are 74 districts, 989 communities and 8228 households in our 
sample. Households from the same community and district share common community and district 
characteristics. As a result, the percentage share of the value of high-value crops will likely be correlated 
within communities or districts. In such cases, estimating a model using ordinary least squares (OLS) will 
fail to recognize the effects arising from different levels, and may lead to incorrect inferences. Any 
unobserved shocks occurring at the higher levels are adequately captured by the multi-level model. 

First, a null model was estimated without using any predictors. This was done to compute the 
intra-class correlation coefficient, which confirms the correct specification of the number of levels. The 
null model is:  

 𝐻𝐻𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0𝑖𝑖𝑖𝑖 + 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 (2) 

where 𝐻𝐻𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖  represents the share of high-value crops (percent). The outcome variable for the ith household 
in the kth community within the lth district is equal to the average outcome for all households in the kth 

community within the lth district  (𝛽𝛽0𝑖𝑖𝑖𝑖) plus a household-level error term (𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖). Households from the 
same community may share the similar community effects which is captured by specifying a separate 
equation for the intercept term (𝛽𝛽0𝑖𝑖𝑖𝑖): 

 𝛽𝛽0𝑖𝑖𝑖𝑖 = 𝛽𝛽00𝑖𝑖 + 𝛾𝛾0𝑖𝑖𝑖𝑖  (3) 

where𝛽𝛽00𝑖𝑖 is the average outcome for all households in the lth district, and 𝛾𝛾0𝑖𝑖𝑖𝑖 is a community-level error 
term. Since household in a community are nested within the same district, there may also be an effect that 
is common to all households within the same district. This is captured by: 

 𝛽𝛽00𝑖𝑖 = 𝛽𝛽000 + 𝛾𝛾00𝑖𝑖 (4) 

where𝛽𝛽000 is the average share of HVCs (percent) in a sample and 𝛾𝛾00𝑖𝑖 is a district-level error term. 
Combining equations (2), (3) and (4) yields: 

 𝐻𝐻𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽000 + 𝛾𝛾00𝑖𝑖 + 𝛾𝛾0𝑖𝑖𝑖𝑖 + 𝑒𝑒𝑖𝑖𝑗𝑗𝑖𝑖𝑖𝑖  (5) 

Denoting the variance of  𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 as 𝜎𝜎2, 𝛾𝛾0𝑖𝑖𝑖𝑖 as 𝜎𝜎𝑢𝑢2, and 𝛾𝛾00𝑖𝑖 as 𝜎𝜎𝑠𝑠2, the observed variation in share of 
HVCs that are explained by community and district levels can be calculated as: 

 

𝜌𝜌𝑐𝑐 =
𝜎𝜎𝑢𝑢2

𝜎𝜎2 + 𝜎𝜎𝑢𝑢2 + 𝜎𝜎𝑠𝑠2
 (6) 

 

𝜌𝜌𝑑𝑑 =
𝜎𝜎𝑠𝑠2

𝜎𝜎2 + 𝜎𝜎𝑢𝑢2 + 𝜎𝜎𝑠𝑠2
 (7) 
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In equations (6) and (7),𝜌𝜌𝑐𝑐 and 𝜌𝜌𝑑𝑑 referred as the intra-class correlation coefficients (ICCs) for 
the community and district levels, respectively. The proportion of variance explained at the household-
level can be calculated as (1−𝜌𝜌𝑐𝑐 − 𝜌𝜌𝑑𝑑).We tested if the variance components(𝜎𝜎𝑢𝑢2,𝜎𝜎𝑠𝑠2) are significantly 
different from zero. Further, we added predictor variables at different levels to explain the variation at the 
household, community and district levels.  

Level-1 Model (Household-Level) 
We are interested to understand the factors/levels that are responsive for increasing the percentage share 
of HVCs between 1995 and 2010 in Nepal. Binary variables (Y1995 and Y2010) were added to the 
equation (2) as follows: 

 𝐻𝐻𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0𝑖𝑖𝑖𝑖 + 𝛽𝛽1𝑖𝑖𝑖𝑖(𝑌𝑌1995) + 𝛽𝛽2𝑖𝑖𝑖𝑖(𝑌𝑌2010) + 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 (8) 

In subsequent models, we added variables at the household and district levels to examine which 
levels and variables help to “explain away” the increase in percentage share of the HVCs. Adding 
household-level covariates, equation (8) becomes: 

 
𝐻𝐻𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0𝑖𝑖𝑖𝑖 + 𝛽𝛽1𝑖𝑖𝑖𝑖(𝑌𝑌1995) + 𝛽𝛽2𝑖𝑖𝑖𝑖(𝑌𝑌2010) +  �𝛽𝛽𝑝𝑝,𝑖𝑖𝑖𝑖

𝑃𝑃

𝑝𝑝=3

𝐻𝐻𝑝𝑝𝑖𝑖𝑖𝑖 + 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 (9) 

where 𝛽𝛽𝑝𝑝,𝑖𝑖𝑖𝑖is the household level coefficient of the pth explanatory variables 𝐻𝐻𝑝𝑝,𝑖𝑖𝑖𝑖 for household i, 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 is 
a random variable with 𝐸𝐸(𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖) = 0, and var(𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎2. 

Level-2 Model (Community-Level) 
Although some variables of interest were observed at the household level, we computed them at the 
community level to take account of the community characteristics that are important for influencing 
HVCs farming. Variables such as percentage of marginal households, average nonagricultural income, 
percentage of household producing high-value crops, percentage of household receiving remittances, 
average time taken to reach market by foot in minutes and percentage of households with access to 
irrigation were added to the equation 3. These variables are expected to be important for influencing the 
HVCs farming at the community level. After adding these variables, equation 3 becomes: 

 
𝛽𝛽0𝑖𝑖𝑖𝑖 = 𝛽𝛽00𝑖𝑖 +  �𝛽𝛽0,𝑐𝑐𝑖𝑖

𝐶𝐶𝑝𝑝

𝑐𝑐=1

𝐴𝐴𝑐𝑐,𝑖𝑖𝑖𝑖 + 𝛾𝛾0𝑖𝑖𝑖𝑖  (10) 

where 𝛽𝛽0,𝑐𝑐𝑖𝑖 is the community level coefficient for the cth explanatory variable 𝐴𝐴𝑐𝑐,𝑖𝑖𝑖𝑖 for community k. 

4.3. Level-3 Model (District-Level) 
Variables of interest at the district level such as roads, average rainfall, urban population density and 
agroecology related variables were added to the equation 4 such as: 

 
𝛽𝛽00𝑖𝑖 = 𝛽𝛽000 +  �𝛽𝛽00𝑡𝑡

𝑇𝑇𝑝𝑝𝑝𝑝

𝑡𝑡=1

𝐷𝐷𝑡𝑡,𝑖𝑖 + 𝛾𝛾00𝑖𝑖  (11) 

where 𝛽𝛽00𝑡𝑡 is the district level coefficient for the tth explanatory variable𝐷𝐷𝑡𝑡,𝑖𝑖 for district l. Here 𝛾𝛾00𝑖𝑖 is a 
random variable with 𝐸𝐸(𝛾𝛾00𝑖𝑖) = 0, and var(𝛾𝛾00𝑖𝑖) = 𝜎𝜎𝑠𝑠2.  

Combining equations 8-11, the three-level random-intercept linear regression model can be 
expressed as: 
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𝐻𝐻𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽000 + 𝛽𝛽1𝑖𝑖𝑖𝑖(𝑌𝑌1995) + 𝛽𝛽2𝑖𝑖𝑖𝑖(𝑌𝑌2010) +  �𝛽𝛽𝑝𝑝,𝑖𝑖𝑖𝑖

𝑃𝑃

𝑝𝑝=3

𝐻𝐻𝑝𝑝𝑖𝑖𝑖𝑖

+ �𝛽𝛽0,𝑐𝑐𝑖𝑖

𝐶𝐶𝑝𝑝

𝑐𝑐=1

𝐴𝐴𝑐𝑐,𝑖𝑖𝑖𝑖 + �𝛽𝛽00𝑡𝑡

𝑇𝑇𝑝𝑝𝑝𝑝

𝑡𝑡=1

𝐷𝐷𝑡𝑡,𝑖𝑖  + 𝛾𝛾00𝑖𝑖 + 𝛾𝛾0𝑖𝑖𝑖𝑖 + 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖  

(12) 

We did not account random slopes. Furthermore, we assumed that variances are independent 
across levels. Any missing variables at the district and cluster levels are expected to be captured by the 
unobserved heterogeneity parameters. 

Descriptive Results 
Table 4.1 provides the definition and the descriptive statistics of the variables used in the analysis. We 
retain only those households that own or rent land. On average, a household has about 17 percent of the 
share of the high-value crops in the total value of production. Out of the total sample, 43 percent was 
surveyed in 2010, 30 percent was surveyed in 2004 and 27 percent was surveyed in 1995. The average 
family size in a sample was about five with the maximum of 32. Household dependency ratio (calculated 
as the total household members who are below age of 15 and above age of 65 divided by the total family 
size) is 41 percent. About 79 percent of the household head is male while only 21 percent of the 
household head is female. The average age of the household head in the sample is 46 years. About 23 
percent of households belong to unprivileged group, 11 percent belong to Madhesi group, 16 percent 
belong to Brahmin and 22 percent belong to Chhetry. Only 33 percent of the households have educated 
mother in the sample. About 68 percent of the households are found to be net-buyers. Only 10 percent of 
the households are from the urban region indicating the rural nature of agricultural households in Nepal. 
There are 19 percent of the households that receive remittance in the sample. On average, a household 
receives twenty-one thousand rupees in a year. About 61 percent of the households belong to the marginal 
(with less than 0.33 hectare) and small farm (between 0.33 and 0.66 hectare). Only 9 percent of the 
households belong to the large farm (has greater than 2 hectare of land). On average, a household has 0.75 
hectare of agricultural land. Seventy-two percent of the households have kitchen garden. Fifty-eight 
percent of households have access to irrigation. However only 37 percent of total household land has 
access to irrigation. Seven percent of the household has taken agricultural loan. Eight percent of the 
households have sought agriculture advice with agricultural technicians. Sixty-seven percent of the 
households have used fertilizer while only thirty percent of the households have used improved seeds. 

Regarding the accessibility, the average time required to reach paved road by foot is found to be 
about 20 hours indicating the sparse road network in Nepal. The average time required to reach market 
center is about 9 hours which indicates the poor access to markets. This suggests the rural and isolated 
nature of most of the rural areas in Nepal. About five percent of the households have telephone, three 
percent have refrigerator, and seventy-two percent owns some form of agricultural machinery tools (such 
as tractor, trolley, thresher, water pump and generator). 

On average, about 36 percent are marginal households in a community. Ninety-four percent of the 
households raise at least one high-value crops at community level. About 19 percent of the households in 
a community receive remittances. Other variables that are used at the community level are average 
nonagricultural income of a household, average time (minutes) taken to reach market center by foot and 
the average percentage of household that have access to irrigation. Similarly, the variables used at the 
district level are urban population density, road density, average annual rainfall received, and agroecology 
related variables. The average annual rainfall received in a district is 158 mm. Thirty-eight percent of the 
sampled households belong to Terai, fifty percent of the households sampled belong to the hill and twelve 
percent of the households belong to the Mountain. 
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Table 4.1 Descriptive statistics of the variables used in the analysis 

Variable Obs Mean Std. Dev. Min Max 
Share of high-value crops in Rs (%) 8228 16.72 18.11 0 100 
If surveyed year is 1995,1 otherwise 0 8228 0.27 0.44 0 1 
If surveyed year is 2004,1 otherwise 0 8228 0.30 0.46 0 1 
If surveyed year is 2010,1 otherwise 0 8228 0.43 0.50 0 1 
Family size 8228 5.41 2.56 1 32 
Household dependency ratio 8228 0.41 0.23 0 1 
Gender of the household head (Male=1, Female=0) 8228 0.79 0.41 0 1 
Age of household head in years 8228 45.69 13.68 11 95 
Square of age (Age#Age) 8228 2274.5 1329.14 121 9025 
Belongs to Unprivileged, 1, otherwise 0 8228 0.23 0.42 0 1 
Belongs to Madhesi, 1, otherwise 0 8228 0.11 0.31 0 1 
Belongs to Brahmin, 1, otherwise 0 8228 0.16 0.36 0 1 
Belongs to Chhetry, 1, otherwise 0 8228 0.22 0.41 0 1 
If mother is educated, 1, otherwise 0 8228 0.33 0.47 0 1 
If a household is netbuyer, 1 otherwise 0 8228 0.68 0.47 0 1 
If a household belongs to urban region, 1, otherwise 0 8228 0.10 0.30 0 1 
Annual non-ag income (rps) 8228 70064.96 465810.20 0 3.99E+07 
Household received remittance (1/0) 8228 0.19 0.39 0 1 
Total annual remittance received by a household 
('00,000Rs) 8228 0.21 0.72 0 14.52 
If household belongs to a marginal farm, 1 otherwise 0 8228 0.36 0.48 0 1 
If household belongs to a small farm, 1 otherwise 0 8228 0.25 0.43 0 1 
If household belongs to a medium farm, 1 otherwise 0 8228 0.30 0.46 0 1 
If household belongs to a large farm, 1 otherwise 0 8228 0.09 0.29 0 1 
Total agland owned/rented for farming (ha) 8228 0.75 1.22 0.00 31.73 
If household has kitchen garden,1 otherwise 0 8228 0.72 0.45 0 1 
If household used irrigation,1 otherwise 0 8228 0.58 0.49 0 1 
Percentage of field that household has access to irrigation 8228 0.37 0.39 0 1 
If household has taken agricultural loan, 1 otherwise 0 8228 0.07 0.25 0 1 
If household seek Agriculture Advice with Ag.technicians, 
1 otherwise 0 8228 0.08 0.27 0 1 
If household uses fertilizer, 1, otherwise 0 8228 0.67 0.47 0 1 
If household uses improved seeds, 1, otherwise 0 8228 0.30 0.46 0 1 
Distance to paved road in min by foot 8228 1226.84 1671.60 0 4320 
Distance to market center in min by foot 8228 567.76 942.03 0 4320 
If household has telephone, 1, otherwise 0 8228 0.05 0.23 0 1 
If household owns a refrigerator/freezer,1, otherwise 0 8228 0.03 0.16 0 1 
If household owns ag-machinery tools,1, otherwise 0 8228 0.72 0.45 0 1 
Percentage of marginal household in a community 8228 35.58 22.04 0 100 
Average nonagricultural income of a household in a 
community 8228 69606.56 157687.30 -40500 3391365 
Percentage of household raising high-value crops in a 
community 8228 93.76 13.92 0 100 
Percentage of household receiving remittance in a 
community 8228 19.14 22.43 0 100 
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Table 4.1 Continued 

Variable Obs Mean Std. Dev. Min Max 
Average time (minutes) taken to reach market center 
by foot in a community 8228 569.39 769.50   0 4320 
Average percentage of household that have access to 
irrigation in a community 8228 58.84 29.94 0 100 
Total urban population per district area km2 in a district 8228 7312.89 27977.22 0 271001.5 
Interaction between road density and urban population 
density in a district 8228 1060545.0 6979606.0 0 7.85E+07 
Road length (km) per district area km2 in a district 
(multiplied by 100) 8228 24.46 34.17 0 289.82 
Average annual rainfall received in a district (mm) 8228 157.52 61.37 16.90 428.53 
If district belongs to Terai, 1 otherwise 0 8228 0.38 0.49 0 1 
If district belongs to Hill, 1 otherwise 0 8228 0.50 0.50 0 1 
If district belongs to Mountain, 1 otherwise 0 8228 0.12 0.33 0 1 
Monthly per-capita consumption expenditure (Rs) 8228 1760.55 1752.40 79.9722 19527.01 

Source:  Authors. 

Empirical Results 
Table 4.2 presents the results from the multi-level model. The model was statistically significant at less 
than 1 percent for all levels. We calculated intra-class correlation coefficients and were found to be 
statistically significant at less than 1 percent. This supports the use of higher-level variables to account 
unexplained variation in the dependent variable (share of value of HVCs in total production). About 6 
percent and 28 percent of the variance in the dependent variable (share of value of HVCs in total 
production) arises from between-group differences (district and community), respectively. Remaining 66 
percent of the variance stems from within-group (household) differences. We interpreted only those 
coefficients that are statistically significant at less than 10 percent level of significance. 

Table 4.2 Regression (multilevel model) results for factors influencing agricultural diversification in 
Nepal 
Variables Model 1 Model 2 Model 3 Model 4 
If surveyed year is 2004 3.9733*** 5.1740*** 5.3115*** 4.9462*** 
 (0.8995) (1.1997) (1.1681) (1.2021) 
If surveyed year is 2010 9.5651*** 6.6130*** 5.5871*** 5.0753*** 
 (0.8372) (1.2029) (1.2125) (1.2556) 
Family size  -0.5588*** -0.535*** -0.536*** 
  (0.0780) (0.0775) (0.0775) 
Dependent ratio  -1.2712 -1.3019 -1.3158 
  (0.8204) (0.8159) (0.8159) 
Household head is Male  -1.5587*** -1.492*** -1.449*** 
  (0.4519) (0.4490) (0.4489) 
Age of household head in years  -0.1654** -0.1702** -0.1723** 
  (0.0792) (0.0788) (0.0788) 
Square of age (Age#Age)  0.0015* 0.0016** 0.0016** 
  (0.0008) (0.0008) (0.0008) 
Unprivileged  -0.2368 0.3187 0.2972 
  (0.5825) (0.5785) (0.5850) 
Madhesi  0.0778 0.6415 0.5450 
  (0.8024) (0.7929) (0.8093) 
Belongs to Brahmin  1.7659*** 1.6547*** 1.6178*** 
  (0.6267) (0.6193) (0.6186) 
Belongs to Chhetry  0.3039 0.2952 0.3786 
  (0.5800) (0.5728) (0.5736) 
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Table4.2 Continued 
Variables Model 

1 
Model 2 Model 3 Model 4 

Mother is educated  1.7255*** 1.7147*** 1.7120*** 
  (0.4475) (0.4450) (0.4449) 
Net buyer household  5.6270*** 5.6015*** 5.6194*** 
  (0.4346) (0.4314) (0.4329) 
Urban  5.7731*** 5.6398*** 5.7442*** 
  (0.9322) (0.9197) (0.9190) 
Annual non-ag income (rps)  -0.0000 -0.0000 -0.0000 
  (0.0000) (0.0000) (0.0000) 
Household received remittance (1/0)  1.2141** 0.9848** 0.9891** 
  (0.4743) (0.4967) (0.4966) 
Total annual remittance received by a household ('000Rs)  0.8472*** 0.7581*** 0.7568*** 
  (0.2492) (0.2477) (0.2477) 
Small farm  -3.3172*** -2.988*** -2.976*** 
  (0.4567) (0.4652) (0.4652) 
Medium farm  -2.5469*** -2.202*** -2.220*** 
  (0.4816) (0.4942) (0.4942) 
Large farm  0.1688 0.6262 0.6279 
  (0.7789) (0.7826) (0.7828) 
Farming land(ha)  -0.4339** -0.4086** -0.3972** 
  (0.1749) (0.1740) (0.1740) 
Kitchen garden  4.8339*** 4.2147*** 4.2212*** 
  (0.4226) (0.4215) (0.4211) 
Irrigation  -4.3438*** -4.370*** -4.356*** 
  (0.4013) (0.4276) (0.4276) 
Agricultural loan  0.8636 0.7232 0.7526 
  (0.7084) (0.7040) (0.7039) 
Taken agricultural advice  0.0010 -0.1421 -0.1483 
  (0.6525) (0.6482) (0.6483) 
Fertilizer  -4.3634*** -4.140*** -4.246*** 
  (0.4617) (0.4581) (0.4596) 
Improved seeds  1.6265*** 1.5732*** 1.5628*** 
  (0.4315) (0.4277) (0.4275) 
Distance to paved road in min by foot  -0.0007*** -0.0007*** -0.0005*** 
  (0.0002) (0.0002) (0.0002) 
Distance to market center in min by foot  -0.0003 -0.0001 -0.0001 
  (0.0002) (0.0003) (0.0003) 
Household has telephone  2.6051*** 2.8339*** 2.8480*** 
  (0.8754) (0.8691) (0.8727) 
Household owns a refrigerator or freezer  3.3165*** 2.8704** 2.9249** 
  (1.1881) (1.1818) (1.1835) 
Household owns agmachinery tools  -1.1815 -1.9251** -1.9975** 
  (0.9883) (0.9796) (0.9827) 
Percentage of marginal household in a community   0.0530*** 0.0488*** 
   (0.0137) (0.0138) 
Average nonagricultural income of a household in a 
community 

  0.0000*** 0.0000*** 

   (0.0000) (0.0000) 
Percentage of household raising high-value crops in a 
community 

  0.2355*** 0.2379*** 

   (0.0191) (0.0193) 
Percentage of household receiving remittance in a community   0.0185 0.0173 
   (0.0152) (0.0153) 
Average time (minutes) taken to reach market center by foot 
in a community 

  -0.0005 -0.0004 

   (0.0005) (0.0005) 
Average percentage of household that have access to 
irrigation in a community 

  -0.0011 -0.0013 

   (0.0104) (0.0103) 
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Table4.2 Continued 
Variables Model 1 Model 2 Model 3 Model 4 
Total urban population per district area km2 in a district    -0.0001* 
    (0.0001) 
Road density # urban population density     0.0000 
    (0.0000) 
Road length (km) per district area km2 in a district    0.0801** 
    (0.0318) 
Average annual rainfall received in a district (mm)    0.0042 
    (0.0064) 
Terai    2.8581* 
    (1.5198) 
Hill    3.5382*** 
    (1.3087) 
Constant 11.4330*** 20.2284*** -3.3510 -7.8403** 
 (0.8505) (2.1503) (2.8717) (3.3270) 
Observations 8,228 8,228 8,228 8,228 
Number of groups 74 74 74 74 
Random Effects     
District 19.43 8.59 8.25 6.27 
 (4.58) (2.57) (2.48) (2.05) 
Community 76.79 48.26 38.82 38.48 
 (5.79) (4.08) (3.45) (3.42) 
Household 231.77 209.68 208.42 208.39 
 (3.91) (3.54) (3.50) (3.50) 
AIC 69503.16 68481.79 68323.86 68318.90 

Source:  Authors. 
Note:  Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

Model 1 includes the year as a fixed effect to assess the progress in the share of the HVCs across 
years. Results show that the average share of the HVCs increased by about 4 percent between 1995 and 
2004, and about 10 percent between 1995 and 2010. These fixed effects are statistically significant at less 
than 1 percent. In subsequent models; we added variables at the household, community and district levels 
to assess the factors influencing the share of HVCs in total production and variables responsible for the 
increase in share of HVCs over time. 

Model 2 adds household level variables to Model 1. The factors positively influencing the share 
of HVCs at statistically significant levels (less than 10 percent) are ethnicity (Brahmin and Chhetry), 
mother's education, net-buyer households, urban households, remittance, kitchen garden, use of improved 
seeds, household owns telephone and refrigerator. Similarly, the factors negatively influencing the share 
of HVCs at statistically significant levels (less than 10 percent) are family size, male-headed households, 
farm size (small and medium), farm area (ha), access to irrigation, use of fertilizers, increase in distance 
to paved roads in minute by foot and increase in distance to market center in minute by foot. An addition 
of a member in a family is correlated with the decrease of the share of HVCs by about 0.56 percent. 
Household headed by male will have decrease in the share of HVCs by 1.56 percent in comparison to the 
household headed by female. Although an increase in age of household head is associated with the 
decrease in the average share of HVCs by 0.16 percent, after the age of 55, an increase in age by 
additional year will lead to increase the average share of HVCs by 0.0015 percent. Households from 
Brahmin ethnic group will have about 2 percent higher share of the HVCs. In comparison to the illiterate 
mother, households with educated mother will have about 2 percent higher share of the HVCs. The share 
of the HVCs will increase by about 6 percent for net-buyer households in comparison to the net-seller 
households. Urban households will have about 6 percent higher share of the HVCs in comparison to the 
rural households. Household receiving remittance is correlated with the increased share of the HVCs by 
1.21 percent. The small and medium farms will have about 3 percent lower share of the HVCs with 
respect to the marginal farms. An increase in the farm land by one hectare is associated with the decrease 
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of the share of HVCs by 0.43 percent. Households with kitchen garden will have increased share of the 
HVCs by about 5 percent. Household that has access to irrigation will have decreased share of the HVCs 
by about 4 percent. This indicates that households with irrigation facilities may be more inclined towards 
producing cereal crops. Households using fertilizer are correlated with the 4.36 percent decrease of the 
share of HVCs. However, households using improved seeds are correlated with the 1.63 percent increase 
in share of HVCs. An increase in distance to reach the paved road is associated with the decreased share 
of the HVCs at the statistical significance level. Although we find negative association between the 
increase distance to reach the market center and the share of HVCs, the coefficient was not statistically 
significant at standard level of test significance. Household with telephone and refrigerator is associated 
with the increased share of HVCs by 2.60 percent and 3.31 percent, respectively. 

Model 3 adds the community level variables to the Model 2. These community level variables are 
percentage of marginal households, percentage of households raising high-value crops, percentage of 
households receiving remittance, average time taken to reach market and percentage of households that 
have access to irrigation in community. One percent increase of marginal households in a community is 
associated with the 0.05 percent increase in share of the HVCs. Also, an average nonagricultural income 
of households in a community is positively associated with the share of the HVCs. One percent increase 
of households raising HVCs in a community is correlated with the 0.23 percent increase in share of the 
HVCs. 

Finally, Model 4 adds district level variables to the Model 3. It is surprising to find the negative 
correlation between the urban population density and the share of HVCs. One unit increase in road 
density is associated with the 0.081 percent increase in share of HVCs. The share of HVCs is higher in 
the Terai and Hilly districts in comparison to the mountainous districts. Although annual average rainfall 
received in a district is positively associated with the share of HVCs, it is not statistically significant.  

All the random effects (random intercept) at the district, community and household levels are 
highly significant at less than percent level of significance. The AIC test statistic shows lowest value for 
the district level model. This indicates that the full model with the district level variables is the best-fit 
model. Therefore, studies only including the household level variables might likely to suffer from omitted 
variable bias. By adding variables at the different levels, we also perform robustness test for the results at 
the lower level. Clearly, the magnitude and the sign of the coefficients of the lower level variables remain 
preserved even after adding higher-level variables which shows the evidence of robust findings. 

One of the objectives of this study is to see what factors are responsible for the shift in the share 
of the HVCs between 1995 and 2010. This is captured by the change in the magnitude of the coefficient 
of the dummy variable—if surveyed year is 2010—across various models. The biggest reduction in the 
magnitude of the coefficient occurs when the household level variables are included. This shows that 
household variables are important factors responsible for shifting the share of HVCs between 1995 and 
2010. 

Figure 4.1 illustrates the random intercepts by districts. These graphs help to compare different 
districts in terms of average share of the HVCs. The ten districts with the lowest values are Rukum, 
Myagdi, Dadeldhura, Doti, Accham, Rupandehi, Kapilbastu, Baitadi, Bajhang and Rolpa. Similarly, the 
ten districts with the highest values are Morang, Kaski, Khotang, Dhankuta, Ramecchap, Illam, Dolakha, 
Kavreplanchowk, Sindhupalchowk, and Sindhuli. Districts with the highest share of the HVCs are mainly 
from the urbanized districts, adjacent to the urbanized districts, and hilly districts that are suitable for 
cultivation of HVCs like tea and cardamom.
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5.  IMPACT OF AGRICULTURAL DIVERSITY ON RURAL POVERTY IN NEPAL 

One of the main objectives of this study is to estimate the impact of agricultural diversity on rural poverty 
in Nepal. Minot and Roy (2007) have illustrated the four mechanisms through which HVCs impacts rural 
poverty. Those four mechanisms are through backward linkages to agricultural input sectors, affecting 
farm incomes, affecting labor market and by changing the relative prices of food basket through consumer 
price linkage. We expect that households growing HVCs or obtaining more share from the HVCs should 
have positive impact on household welfare.7 In our sample, poor households are considered as those that 
have per-capita consumption expenditure per year less than certain threshold level (poverty line) that 
differs across the round of the survey. NLSS III has used Rs 19261 as a threshold while NLSS I and II 
have used different thresholds depending on the agroecological and development regions. Several 
indicators of welfare measures have been used in the literature such as food consumption, food 
expenditure, and total expenditure and so on. We used two indicators of welfare measures in this study—
if a household is below or above the poverty line and the monthly per capital expenditure (MPCE). 

The average monthly per capita consumption expenditure was Rs1737.48 for households growing 
HVCs while it was Rs1182.95 for households not growing HVCs. The two-sample t test indicates that the 
difference between average monthly per capita consumption expenditure between households growing 
HVCS and not growing HVCs is greater than 0 and is statistically significant at less than 0.01 level. 
Similarly, the incidence of poverty is found to be 5 percent lower for households growing HVCS. Figure 
5.1 shows the distribution of the monthly per capita consumption expenditure (MPCCE) for households 
growing HVCs and not growing HVCs. Clearly the HVCs growers are better-off than the non-growers. In 
addition, we also conducted a nonparametric regression (using LOWESS estimator) of MPCCE (as y 
variable) on the share of the HVCs (percent) (as x variable) for different farm types, and plotted the 
regression lines as shown in Figure 5.2. Only after the 10 percent of the share of HVCs, the relationship 
looks explicit among different farm size. It is flattest for marginal households followed by small, medium 
and large households. However, a kink is observed at around 55 percent of the share of high crops for 
larger farm. As a farm became more intensive towards high-value farming, it may suffer from the higher 
labor requirement which may limit further diversification and benefits. Birthal et al. (2016) also find 
similar kink relationship for larger farm size. 

Figure 5.3 shows the relationship between the MPCE and the share of HVCs for poor and non-
poor households. The relationship is steeper for non-poor households in comparison to the poor-
households. This shows that increase in the share of HVCs translate less towards higher monthly per 
capita consumption expenditure for poor households in comparison to the non-poor households.  

Isolating the impact of agricultural diversification on poverty measures is not a straightforward 
task. Since the decision of households to whether cultivate high-value crops and chose the level of 
farming intensity depends on the various factors such as nearness to the urban center, market linkages, 
infrastructure development, which all are also expected to influence the poverty/welfare measures. 

                                                      
7Every rural household are likely to grow a fruit tree, raise vegetables and other high value crops. We consider those 

households as growing high value crops only if the high value crops contribute more than 5 percent of the total production value. 
The monthly per capita consumption expenditure of greater than Rs 7000  is considered as an outlier and thus such households 
are removed from the sample. 
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Figure 5.1 The distribution of monthly per capita expenditure for non-growers and growers of 
high-value crops 

 
Source:  Authors. 

Figure 5.2 Nonparametric regression showing the relationship between the share of high-value 
crops (percent) and monthly per capita expenditure 

 
Source:  Authors. 
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Figure 5.3 Relationship between monthly per capita consumption expenditure and the share of 
high-value crops for poor and non-poor households in Nepal 

 
Source: NLSS I, II, and III (Nepal, CBS 1996, 2004, 2011). 

We used instrumental variable approach to estimate the casual impact of agricultural 
diversification on MPCE. Finding suitable instrument variable (IV) was tremendous challenges for us. 
Suitable instrument should directly influence the share of the HVCs but not the welfare/poverty measures.  
First, we tested whether the share of the HVCs is an endogenous variable or not using Durbin-Wu-
Hausman test of endogeneity. Once the test indicates the evidence of endogeneity, we choose average 
rainfall received (mm) by a district as a suitable instrumental variable. Clearly our IV is exogenous and 
directly influences HVCs farming as households from districts receiving higher average rainfall are likely 
to be engaged in cereal based farming. This was confirmed by checking the relevancy test and found the 
instrument to be statistically significant at less than 5 percent level. Since using wrong instrument is more 
problematic than not using instrument at all, we simply rely on this first instrument. 

To estimate the causal impact of agricultural diversification on the welfare measures, we also 
used the propensity score matching technique. Our treatment is whether the household has commercially 
grown HVCs or not (agricultural diversification towards high-value cropping) and the outcome is the 
MPCE/household is above or below poverty line. First, we estimate the probit regression model using 
different observed covariates (confounders associated with the treatment), and predicted the probability 
(propensity score) of the particular households likely to receive the treatment. Then we assess the region 
of common support. Once the region of common support is found, we partition the entire sample into the 
reasonable blocks to ensure that the mean propensity score is not different for treated and controls in each 
block. Then we check its balancing property of the propensity score. The balancing test was done to 
check if within each quintile of the propensity score distribution, the average propensity score and mean 
of x(covariates) are same or not. We dropped some of the nuisance variables to make sure that the 
balancing property is met. This will allow us to have number of blocks (bins of probability) with the mean 
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propensity score not different for treated and controls in each block. Once balancing property is satisfied, 
we matched households growing HVCs and non-growing HVCs on basis of propensity scores and other 
techniques. Finally, we estimated the average treatment effect as the mean difference in MPCE across 
these two groups. We tried our best to include all the observed characteristics that influence the household 
decision to grow the HVCs. 

Different matching estimators with varying assumption on common support and propensity score 
matching were used to assess the robustness of the impact. Since matching estimators mainly rely on the 
conditional independence assumption (CIA) to identify treatment effects, we also implemented the 
sensitivity analysis for matching estimators used by Ichino et al. (2008). This analysis simulates a 
potential binary confounder to assess the extent the treatment effects deviates from the conditional 
independence assumption. First, we estimate the treatment impacts assuming no confounders using 
propensity-score matching estimators (Nearest Neighbor). This is considered as our base line estimates. 
Second, we simulated a potential binary confounder (U) by either mimicking the distribution of relevant 
covariate or on the basis of four parameters: Pij (with i, j=0,1). The first subscript indicates the treatment 
status and the second denotes the outcome status. These are the probabilities and must be between zero 
and one. Our outcome variable need to be binary transformed due to its continuous nature. Once 
simulated, U is also considered as other covariates and included as a set of matching variable to estimate 
the propensity score and ATT. Using boot strap techniques, a simulated ATT is obtained as an average of 
the ATTs over the distribution of U. We believe that this estimate is robust to the specific failure of the 
CIA. Finally, we compare the estimates obtained from the baseline ATT and simulated ATT to assess 
how robust is the baseline ATT estimate, with respect to the specific deviation from the CIA. 

Finally, we tested the robustness of the results (effects of HVCs on MPCE) changing model 
specifications and sample size. We first implemented the parsimonious model (adding only share of 
HVCs as an explanatory variable) and then controlling for many factors as possible in subsequent models. 
If the variable of interest is seriously endogenous, then the magnitude and sign of the coefficient changes 
when controlled for various factors (that not only influence poverty measures but also the decision to 
adopt the high-value farming). 

We estimate the OLS regression when the outcome was the MPCE while logistic regression was 
implemented when the outcome was binary—if a household is below or above the poverty line. First, we 
simply estimate parsimonious model as follows: 

 𝑌𝑌 = 𝛼𝛼𝛼𝛼 + 𝜀𝜀   (13) 

where𝑌𝑌 is a column vector for the outcome variable, and 𝛼𝛼 is our main variable of interest—share of the 
HVCs. 𝜀𝜀 is an error term assumed to be independently and identically distributed in case of OLS 
regression while assumed to follows logistic distribution in case of logistic regression. Second, we added 
household demographic characteristics (𝐷𝐷) on equation 13 as follows: 

 
𝑌𝑌 = 𝛼𝛼0 + 𝛼𝛼1𝛼𝛼 + 𝛽𝛽𝐷𝐷 + 𝜀𝜀 (14) 

Third, we added variables related to the farm size and farm's access to inputs and technology (𝐴𝐴) 
on equation 14 as follows:  

 
𝑌𝑌 = 𝛼𝛼0 + 𝛼𝛼1𝛼𝛼 + 𝛽𝛽𝐷𝐷 + 𝛾𝛾𝐴𝐴 + 𝜀𝜀 (15) 

Finally, we added variables that control for the access to markets, infrastructure and 
agroecological fixed effects (𝐻𝐻) as follows. 

 
𝑌𝑌 = 𝛼𝛼0 + 𝛼𝛼1𝛼𝛼 + 𝛽𝛽𝐷𝐷 + 𝛾𝛾𝐴𝐴 + 𝛿𝛿𝐻𝐻 + 𝜀𝜀 (16) 
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Our main interest is to estimate the coefficient  𝛼𝛼1 and assess how its magnitude and significance 
changes across models (from parsimonious to full model). 

We also estimated the equation (16) for each farm types and assess the robustness of results. 
Doing so will also help to know which farm types have higher marginal impact from the unit change in 
the share of HVCs on the welfare measures. 

Results 

Results on the Effect of Share of High-Value Crops on Monthly Per Capita Consumption 
Expenditure 
The descriptive statistics of the variables used in estimating the regression equations 16 are presented in 
the Table 4.1. Table 5.1 presents the results on the effect of share of HVCs on MPCE using IV approach. 
The Durbin-Wu-Hausman test of endogeneity rejects the null hypothesis that the variable (share of 
HVCs) is exogenous at less than 1 percent level of significance. The first stage regression shows that the 
annual rainfall (instrument) is statistically significant at less than 5 percent level. The robust standard 
errors were also estimated. 

Table 5.1 Regression results on the effect of share of high-value crop production on monthly per 
capita consumption expenditure 
Variables Coefficient 
Share of high-value crops in Rs (%)a 57.3934*** 
 (4.9593) 
If surveyed year is 2004 328.7729* 
 (185.1756) 
If surveyed year is 2010 1,259.5180*** 
 (179.8737) 
Family size -54.5922*** 
 (8.1313) 
Household dependency ratio -574.1067*** 
 (83.0132) 
Gender of the household head (Male=1, Female=0) 29.0065 
 (36.7408) 
Age of household head in years 13.6664 
 (18.5974) 
Square of age (Age#Age) -0.0941 
 (0.1857) 
Unprivileged -75.6084 
 (73.0379) 
Madhesi -110.8089 
 (67.8348) 
Brahmin 4.4425 
 (81.1972) 
Chhetry -14.8001 
 (37.6505) 
Mother education 29.0264 
 (79.9494) 
Net-buyer -428.1761** 
 (192.5757) 
Urban 197.7108 
 (183.5299) 
Annual non-ag income (rps) 0.0001 
 (0.0001) 
Remittance 28.8205 
 (59.3000) 
Small farm 197.2088* 
 (104.5068) 



27 

Table 5.1 Continued 
Variables Coefficient 
Medium farm 211.4667*** 
 (79.3408) 
Large farm 262.6857*** 
 (68.0685) 
Irrigation 327.2670*** 
 (106.6842) 
Agricultural loan 277.8614*** 
 (64.1301) 
Agriculture technicians 226.7351*** 
 (54.3638) 
Fertilizer 333.6431*** 
 (92.1010) 
Improved seeds 116.8632* 
 (66.9772) 
Travel time (min) to reach paved road (by foot) 0.0066 
 (0.0190) 
Travel time (min) to reach market center (by foot) -0.0098 
 (0.0168) 
Telephone 1,170.2834*** 
 (166.7685) 
Agri-machinery -167.0951 
 (192.6478) 
Terai -142.8427 
 (109.7048) 
Hill -160.3505 
 (141.5624) 
Constant 0.0000 
 (0.0000) 
Observations 8,066 
R-squared 0.2168 

Source:  Authors. 
Note:  a indicates instrumented variable, robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

The model is statistically significant at less than 1 percent level of significance and explains about 
22 percent of the total variation of the dependent variable (MPCE). On an average, one percent increase 
in the share of high-value crops causes about increase of Rs57 in the MPCE controlling all other factors 
constant. The coefficients on both the surveyed year 2004 and 2010 are positive and statistically 
significant at less than 10 percent level indicating that the MPCE increases on an average by Rs 329 
between 1995 and 2004 and Rs 1259 between 1995 and 2000, respectively.  

In case of demographic related variables, family size, household dependency ratio and net-buyer 
variables are negatively and significantly correlated at less than 5 percent level with the MPCE. However, 
none of the demographic variables are positively correlated with the MPCE. Addition of a member in the 
household is associated with the decrease in the average MPCE of about Rs55. Especially increase in the 
household dependent members (age less than 15 years and greater than 16 years) by additional unit is 
correlated with the decrease in MPCE of Rs574. Net-buyer households have the MPCE lower by about 
Rs428 in comparison to the net-seller households.  

For household variables related the farm type, economic status and access to technology, farm 
type, irrigation, agricultural loan, agriculture technicians, fertilizer and improved seeds are positive and 
statistically significant at less than 10 percent level. In comparison to the marginal households, small, 
medium and large households will have MPCE higher by an average amount of Rs197, Rs 211 and Rs 
262, respectively. Household with access to irrigation, agricultural loan, agriculture technicians, fertilizer 
and improved seeds will have the MPCE increased by Rs327, 278, 227, 334, and 117, respectively. 
Fertilizer has the biggest marginal effect followed by irrigation, agricultural loan, agriculture technicians, 
and improved seeds. Households with telephone will have increased MPCE by Rs 1170. 
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Results on the Effect of Share of High-Value Crops on Household Poverty 
Our second outcome of interest related to the welfare measure is the indication of whether household is a 
poor or not. We would like to assess the effects of the share of HVCs on the poverty status of the 
households. Results are illustrated in Table 5.2. Standard errors were clustered at the community level and 
robust standard errors were estimated. Coefficients from Table 5.2 do not have any meaningful 
interpretations expect the sign shows whether particular variable is associated with increasing or 
decreasing the probability of being poor households.  

All the explanatory variables are similar to what we used for modeling dependent variable—
MPCE. The share of high-value crops is negatively associated with the poverty outcomes in all models. 
This indicates that the increase in the share of high-value crops is correlated with reducing the probability 
of being poor households. Factors that are associated with reducing the probability of being poor 
households are mother education, annual nonagricultural income, receiving remittance, being medium and 
large farm, receiving advice from agriculture technicians, access to irrigation, agricultural loan, improved 
seeds, and owning telephone. Similarly, factors that are associated with increasing the probability of 
being poor households are increase in family size and dependency ratio, net-buyer and increase in 
distance to reach the market center. Based on the fit statistics (AIC test), Model 4 (full model) was the 
best fit model. 

Table 5.2 Binary logistic regression estimates for the effect of share of high-value crop production 
on household poverty 
Variables Model 1 Model 2 Model 3 Model 4 
Share of high-value crops in Rs (%) -0.0172*** -0.0114*** -0.0119*** -0.0111*** 
 (0.0022) (0.0022) (0.0023) (0.0023) 
If surveyed year is 2004  -0.3452*** -0.0931 0.0025 
  (0.1204) (0.1202) (0.2028) 
If surveyed year is 2010  -0.2414** 0.4734*** 0.5476*** 
  (0.1149) (0.1210) (0.2070) 
Family size  0.1834*** 0.2742*** 0.2799*** 
  (0.0148) (0.0169) (0.0171) 
Household dependency ratio  2.0220*** 1.7273*** 1.7123*** 
  (0.1436) (0.1484) (0.1481) 
Gender of the household head (Male=1, 
Female=0) 

 0.1044 0.1015 0.0815 

  (0.0792) (0.0816) (0.0829) 
Age of household head in yrs  -0.0207 -0.0169 -0.0160 
  (0.0132) (0.0137) (0.0138) 
Square of age (Age#Age)  0.0001 0.0000 0.0000 
  (0.0001) (0.0001) (0.0001) 
Unprivileged  0.1491 0.1728* 0.3319*** 
  (0.0965) (0.0976) (0.1010) 
Madhesi  -0.2524* -0.1156 0.1941 
  (0.1368) (0.1399) (0.1500) 
Brahmin  -0.8192*** -0.6623*** -0.6058*** 
  (0.1521) (0.1555) (0.1534) 
Chhetry  -0.1420 -0.1254 -0.1345 
  (0.1144) (0.1140) (0.1135) 
Mother education  -0.5819*** -0.4476*** -0.4111*** 
  (0.0755) (0.0832) (0.0838) 
Net-buyer  0.7414*** 0.3687*** 0.2935*** 
  (0.0767) (0.0817) (0.0829) 
Urban  -0.3251** -0.0253 0.1662 
  (0.1564) (0.1724) (0.1846) 
Annual non-ag income (rps)   -0.0000*** -0.0000*** 
   (0.0000) (0.0000) 
Remittance   -0.2299** -0.2052** 
   (0.0953) (0.0961) 
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Table 5.2 Continued 
Variables Model 1 Model 2 Model 3 Model 4 
Small farm   -0.1105 -0.1373* 
   (0.0813) (0.0822) 
Medium farm   -0.4748*** -0.5106*** 
   (0.0888) (0.0898) 
Large farm   -0.7660*** -0.7842*** 
   (0.1401) (0.1399) 
Irrigation   -0.2282*** -0.2546*** 
   (0.0755) (0.0761) 
Agricultural loan   -0.5982*** -0.6122*** 
   (0.1512) (0.1529) 
Agriculture technicians   -0.4921*** -0.4487*** 
   (0.1525) (0.1525) 
Fertilizer   -0.6572*** -0.5343*** 
   (0.0807) (0.0813) 
Improved seeds   -0.5981*** -0.5496*** 
   (0.0790) (0.0786) 
Travel time (min) to reach paved road (by foot)    0.0000 
    (0.0000) 
Travel time (min) to reach market center (by 
foot) 

   0.0002*** 

    (0.0000) 
Telephone    -1.3762*** 
    (0.3255) 
Agri-machinery    -0.0977 
    (0.1753) 
Terai    -0.4702*** 
    (0.1654) 
Hill    -0.1639 
    (0.1462) 
Constant -0.6811*** -2.0215*** -1.3572*** -1.4019*** 
 (0.0552) (0.3641) (0.3738) (0.4021) 
Observations 8,066 8,066 8,066 8,066 
Wald chi2 62.97 761.3 1012 998.7 
AIC (Fit Statistics)   9458.27 8281.845 7599.283 7511.845 

Source:  Authors. 
Note:  Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

Robustness Test 
As a part of robustness test, Table 5.3 presents the results on the effect of share of HVCs on MPCE using 
ordinary least square estimates. We cluster the standard errors at the community level and estimated the 
robust standard errors. Model 1 is the parsimonious model with only incorporating the variable of our 
interest—share of HVCs (percent). Model 2 adds demographic related variables to Model 1. Similarly, 
Model 3 adds the household variables related the farm type, economic status and access to technology to 
the Model 2.  
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Table 5.3 Robustness test based on the parsimonious and full models (dependent variable: monthly 
per capita consumption expenditure) 
Variables Model 1 Model 2 Model 3 Model 4 
Share of high-value crops in Rs 
(%) 19.1328*** 6.5341*** 6.9330*** 5.6801*** 
 (1.2143) (0.8678) (0.8449) (0.7733) 
If surveyed year is 2004  485.1019*** 425.0125*** 588.5982*** 
  (32.6568) (31.2660) (77.3167) 
If surveyed year is 2010  1,570.5101*** 1,407.4122*** 1,549.8204*** 
  (41.1689) (40.8985) (81.8854) 
Family size  -70.3084*** -84.6681*** -88.9038*** 
  (5.3333) (5.5525) (5.4625) 
Household dependency ratio  -859.5474*** -782.6346*** -698.3959*** 
  (58.3413) (57.9981) (53.2972) 
Gender of the household head 
(Male=1, Female=0)  -73.7098** -86.4837*** -90.3935*** 
  (30.9695) (29.9752) (28.9525) 
Age of household head in years  8.2365* 3.6877 4.4848 
  (4.6522) (4.5710) (4.2614) 
Square of age (Age#Age)  -0.0267 0.0165 -0.0055 
  (0.0487) (0.0477) (0.0439) 
Unprivileged  -242.6355*** -265.9114*** -206.3159*** 
  (35.5585) (35.5648) (35.3741) 
Madhesi  -209.1861*** -295.5715*** -218.0622*** 
  (45.0344) (44.8028) (47.6282) 
Brahmin  226.7809*** 125.8942*** 93.5681** 
  (45.0161) (41.8885) (39.7275) 
Chhetry  -6.1621 -36.6009 -38.7524 
  (41.1636) (37.6899) (34.3635) 
Mother education  261.2919*** 210.2621*** 162.9841*** 
  (31.3669) (30.6523) (28.9320) 
Net-buyer  -262.1454*** -122.1016*** -116.5021*** 
  (28.0947) (26.9797) (25.3571) 
Urban  712.6766*** 669.3691*** 460.1759*** 
  (78.7765) (76.3013) (65.4636) 
Annual non-ag income (rps)   0.0001 0.0001 
   (0.0001) (0.0001) 
Remittance   77.4415** 100.6203*** 
   (32.2649) (31.1843) 
Small farm   8.2491 17.6506 
   (28.4165) (26.0273) 
Medium farm   63.4690** 74.2112*** 
   (30.3342) (27.4477) 
Large farm   277.6909*** 293.1314*** 
   (44.3144) (42.3001) 
Irrigation   112.5598*** 120.6553*** 
   (25.1921) (23.6955) 
Agricultural loan   341.3465*** 291.6985*** 
   (53.4657) (52.0797) 
Agriculture technicians   262.7696*** 201.1618*** 
   (48.5300) (45.0179) 
Fertilizer   216.5413*** 165.8686*** 
   (27.2841) (26.4788) 
Improved seeds   239.4578*** 224.0849*** 
   (29.3910) (27.5280) 
Travel time (min) to reach 
paved road (by foot)    -0.0402*** 
    (0.0092) 
Travel time (min) to reach 
market center (by foot)    -0.0347** 
    (0.0142) 
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Table 5.3 Continued 
Variables Model 1 Model 2 Model 3 Model 4 
Telephone    1,357.0679*** 
    (81.2569) 
Agri-machinery    -211.2825*** 
    (76.4741) 
Terai    -93.6460* 
    (51.4021) 
Hill    -0.4208 
    (40.6983) 
Constant 1,287.7768*** 1,244.3606*** 1,062.9936*** 1,220.1807*** 
 (36.8074) (119.5741) (118.3117) (118.3617) 
Observations 8,066 8,066 8,066 8,066 
R-squared 0.0669 0.5348 0.5679 0.6136 
AIC (Fit Statistics) 138124.9 132538.5 131962.5 131072.6 

Source:  Authors. 
Note:  Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

Finally, Model 4 adds the variables related to the infrastructure, access to markets and 
agroecological fixed effects to the Model 3. By controlling various factors influencing the MPCE, we 
assess the stability of the coefficient of the share of HVCs. Although the magnitude of the coefficient 
widely varies across the models, the significance remains preserved across the models.  

We assessed whether our results from the full model (Table 5.1 and 5.2) also holds across 
different farm size or not. Table 5.4 shows results for MPCE based on the farm sizes. Clearly the 
coefficient of the share of the high-value crops is positive and statistically significant for all models 
except the large farm size. The biggest marginal effect was observed for medium farm followed by small 
and marginal farm. Similarly, for poverty outcomes, the biggest marginal effect is observed for medium 
farm followed by small, large, and marginal farm (Table 5.5). The coefficient on share of high-value 
crops is negative and statistically significant at less than 10 percent level for all models. Overall, the 
results from both the full models (with poverty and MPCE outcomes) are highly robust across the 
different farm sizes. 

Table 5.4 Robustness test on comparing regression results based on the farm size (dependent 
variable: monthly per capita consumption expenditure) 
Variables Marginal Small Medium Large All 
Share of high-value crops 
in Rs (%) 

4.5715*** 5.4272*** 8.6467*** 2.6048 5.6801*** 

 (0.9535) (1.7490) (1.7348) (2.0069) (0.7733) 
Year 2004 675.7867*** 424.0918*** 637.2035*** 474.2332*** 588.5982*** 
 (120.7938) (140.3142) (140.9973) (122.5425) (77.3167) 
Year 2010 1,512.2271*** 1,403.4897*** 1,703.0801*** 1,323.5644*** 1,549.8204*** 
 (131.1945) (146.5469) (150.9909) (150.9760) (81.8854) 
Family size -107.6117*** -114.7343*** -90.7994*** -69.1823*** -88.9038*** 
 (10.1924) (11.0357) (7.0939) (12.0361) (5.4625) 
Household dependency 
ratio 

-588.6758*** -638.1121*** -742.6248*** -497.0142** -698.3959*** 

 (83.9511) (100.9123) (87.0435) (210.3530) (53.2972) 
Gender of the household 
head (Male=1, Female=0) 

-92.3478** -96.2049* -53.1204 94.8007 -90.3935*** 

 (43.7042) (51.0065) (53.5549) (98.7395) (28.9525) 
Age of household head in 
years 

8.7430 4.0324 11.7971* -2.8615 4.4848 

 (7.8507) (8.2614) (6.0919) (13.9651) (4.2614) 
Square of age (Age#Age) -0.0511 -0.0143 -0.0763 0.0798 -0.0055 
 (0.0826) (0.0838) (0.0629) (0.1485) (0.0439) 
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Table 5.4 Continued 
Variables Marginal Small Medium Large All 
Share of high-value crops 
in Rs (%) 

4.5715*** 5.4272*** 8.6467*** 2.6048 5.6801*** 

Unprivileged -243.2084*** -203.5791*** -31.4144 -187.2041* -206.3159*** 
 (48.3212) (58.5332) (61.5819) (103.8093) (35.3741) 
Madhesi -238.9109*** -264.1088*** -143.5422** -84.2455 -218.0622*** 
 (71.3914) (71.8740) (71.0237) (130.5536) (47.6282) 
Brahmin 96.0247 101.0686* 128.7019** 201.9557 93.5681** 
 (68.8430) (58.8839) (57.2384) (133.6483) (39.7275) 
Chhetry -50.8717 -14.1344 -46.6663 67.8746 -38.7524 
 (56.6247) (53.8290) (44.3711) (112.2377) (34.3635) 
Mother education 167.3880*** 89.6210* 116.8486** 335.2434*** 162.9841*** 
 (47.2510) (50.6935) (51.0271) (107.2671) (28.9320) 
Net-buyer -59.7813 -112.8893** -103.0773*** -154.6578** -116.5021*** 
 (48.1432) (44.2505) (34.8956) (77.4574) (25.3571) 
Urban 352.3838*** 358.7737*** 643.2336*** 264.9618* 460.1759*** 
 (75.7966) (110.6000) (127.1341) (158.9113) (65.4636) 
Annual non-ag income 
(rps) 

0.0019*** 0.0013*** 0.0000 0.0029*** 0.0001 

 (0.0005) (0.0004) (0.0000) (0.0005) (0.0001) 
Remittance 73.8205 156.3676*** 54.9338 110.2374 100.6203*** 
 (49.7974) (57.3919) (46.2876) (89.5580) (31.1843) 
Small farm - - - - 17.6506 
 - - - - (26.0273) 
Medium farm - - - - 74.2112*** 
 - - - - (27.4477) 
Large farm - - - - 293.1314*** 
 - - - - (42.3001) 
Irrigation 120.7756*** 113.9220*** 55.2562 274.9201*** 120.6553*** 
 (35.7626) (39.3646) (39.2674) (80.8323) (23.6955) 
Agricultural loan 267.3694*** 172.9621* 226.1125** 439.4283** 291.6985*** 
 (84.4417) (90.5466) (87.6951) (217.2138) (52.0797) 
Agriculture technicians 129.0472 195.5168** 280.9160*** 14.4956 201.1618*** 
 (85.0718) (80.2071) (66.7064) (122.6762) (45.0179) 
Fertilizer 192.3032*** 148.5617*** 104.3774*** 116.8924 165.8686*** 
 (36.1929) (42.2751) (40.2172) (85.2537) (26.4788) 
Improved seeds 232.9339*** 226.4810*** 216.3380*** 175.5585** 224.0849*** 
 (43.6785) (46.7044) (42.3448) (85.8012) (27.5280) 
Travel time (min) to reach 
paved road (by foot) 

-0.0425*** -0.0368*** -0.0262** -0.0046 -0.0402*** 

 (0.0130) (0.0125) (0.0114) (0.0306) (0.0092) 
Travel time (min) to reach 
market center (by foot) 

-0.0097 -0.0323 -0.0489*** -0.0625* -0.0347** 

 (0.0197) (0.0207) (0.0189) (0.0332) (0.0142) 
Telephone 1,478.4553*** 1,162.8609*** 1,123.3639*** 965.9964*** 1,357.0679*** 
 (157.1372) (151.9333) (137.5397) (227.0363) (81.2569) 
Agri-machinery -282.7665** -89.3979 -287.0359** -58.6324 -211.2825*** 
 (117.4749) (139.6136) (142.2297) (126.8930) (76.4741) 
Terai -161.9602** -27.1250 -59.9720 5.9478 -93.6460* 
 (71.7815) (73.3580) (71.6928) (142.5005) (51.4021) 
Hill 23.0421 -1.2381 -69.6823 46.9751 -0.4208 
 (60.1584) (52.5253) (50.2368) (107.4019) (40.6983) 
Constant 1,109.5056*** 1,372.9331*** 1,136.2081*** 961.5884** 1,220.1807*** 
 (197.6940) (220.2997) (167.0442) (408.3002) (118.3617) 
Observations 2,877 2,012 2,456 721 8,066 
R-squared 0.6171 0.6503 0.6526 0.6577 0.6136 

Source:  Authors. 
Note:  Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 5.5 Robustness test-outcomes based on the farm size (dependent variable: poverty outcomes) 
Variables Marginal Small Medium Large All 
Share of high-value crops in Rs 
(%) 

-0.0086*** -0.0147** -0.0194*** -0.0124* -0.0111*** 

 (0.0027) (0.0065) (0.0064) (0.0071) (0.0023) 
Year 2004 -0.2549 0.2853 -0.1777 -0.7113 0.0025 
 (0.3249) (0.4640) (0.3459) (0.4341) (0.2028) 
Year 2010 0.1943 0.8552* 0.3137 0.4888 0.5476*** 
 (0.3296) (0.4815) (0.3567) (0.4355) (0.2070) 
Family size 0.3315*** 0.4002*** 0.2929*** 0.1158*** 0.2799*** 
 (0.0308) (0.0415) (0.0260) (0.0334) (0.0171) 
Household dependency ratio 1.4489*** 1.5775*** 1.6520*** 2.4860*** 1.7123*** 
 (0.2321) (0.2767) (0.3007) (0.6506) (0.1481) 
Gender of the household head 
(Male=1, Female=0) 

-0.1048 0.0893 0.0629 0.3360 0.0815 

 (0.1261) (0.1660) (0.1724) (0.3847) (0.0829) 
Age of household head in years -0.0145 -0.0548** -0.0256 0.0203 -0.0160 
 (0.0225) (0.0265) (0.0257) (0.0465) (0.0138) 
Square of age (Age#Age) 0.0000 0.0005* 0.0001 -0.0003 0.0000 
 (0.0002) (0.0003) (0.0003) (0.0005) (0.0001) 
Unprivileged 0.3574*** 0.5255*** 0.0084 0.4778 0.3319*** 
 (0.1370) (0.1986) (0.1934) (0.3604) (0.1010) 
Madhesi 0.2125 0.6356** -0.0119 0.2335 0.1941 
 (0.2121) (0.2842) (0.2680) (0.4303) (0.1500) 
Brahmin -0.4814* -0.4908** -0.8895*** -1.4366* -0.6058*** 
 (0.2653) (0.2161) (0.2234) (0.8198) (0.1534) 
Chhetry -0.1879 0.0053 -0.3634** 0.3043 -0.1345 
 (0.1761) (0.1828) (0.1663) (0.3557) (0.1135) 
Mother education -0.2668** -0.583*** -0.4526*** -0.7435** -0.4111*** 
 (0.1300) (0.1684) (0.1557) (0.3004) (0.0838) 
Net-buyer 0.2085 0.0735 0.1719 0.5986** 0.2935*** 
 (0.1521) (0.1549) (0.1340) (0.2848) (0.0829) 
Urban 0.0244 0.2424 -0.0011 1.3606*** 0.1662 
 (0.2388) (0.3047) (0.3801) (0.4058) (0.1846) 
Annual non-ag income (rps) -0.0000*** -0.000*** -0.0000*** -0.000*** -0.0000*** 
 (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 
Remittance -0.1922 -0.0262 -0.2760 -0.1621 -0.2052** 
 (0.1456) (0.1939) (0.1727) (0.2782) (0.0961) 
Small farm - - - - -0.1373* 
 - - - - (0.0822) 
Medium farm     -0.5106*** 
 - - - - (0.0898) 
Large farm     -0.7842*** 
 - - - - (0.1399) 
Irrigation -0.1854 -0.0949 -0.3995*** -0.5908** -0.2546*** 
 (0.1134) (0.1399) (0.1306) (0.2595) (0.0761) 
Agricultural loan -0.9382*** -0.4847* -0.4278 -0.6830 -0.6122*** 
 (0.2975) (0.2612) (0.2879) (0.5971) (0.1529) 
Agriculture technicians -0.7243** -0.6002* -0.2340 -0.2844 -0.4487*** 
 (0.3566) (0.3388) (0.2269) (0.4349) (0.1525) 
Fertilizer -0.5358*** -0.661*** -0.4204*** -0.6684** -0.5343*** 
 (0.1199) (0.1541) (0.1407) (0.2804) (0.0813) 
Improved seeds -0.4604*** -0.602*** -0.6326*** -0.3330 -0.5496*** 
 (0.1299) (0.1522) (0.1416) (0.2589) (0.0786) 
Travel time (min) to reach 
paved road (by foot) 

0.0001** -0.0000 -0.0000 0.0001 0.0000 

 (0.0000) (0.0000) (0.0000) (0.0001) (0.0000) 
Travel time (min) to reach 
market center (by foot) 

0.0001 0.0002*** 0.0002** 0.0003** 0.0002*** 

 (0.0001) (0.0001) (0.0001) (0.0001) (0.0000) 
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Table 5.5 Continued 
Variables Marginal Small Medium Large All 
Telephone -2.2586*** -1.3702** -0.6791* -1.9359* -1.3762*** 
 (0.7488) (0.6851) (0.3927) (1.0785) (0.3255) 
Agri-machinery 0.0308 -0.2441 0.2548 0.2856 -0.0977 
 (0.2875) (0.4255) (0.3268) (0.3652) (0.1753) 
Terai -0.2160 -0.769*** -0.7424*** -0.5455 -0.4702*** 
 (0.2393) (0.2905) (0.2486) (0.4717) (0.1654) 
Hill -0.2306 -0.0443 -0.0159 -0.3675 -0.1639 
 (0.2107) (0.2367) (0.1926) (0.4064) (0.1462) 
Constant -1.4182** -1.1549 -1.3817* -2.4659* -1.4019*** 
 (0.6005) (0.7369) (0.7184) (1.3001) (0.4021) 
Observations 2,877 2,012 2,456 721 8,066 
Wald chi2 419.1 309.3 377.9 132.3 998.7 

Source:  Authors. 
Note:  Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

5.2. Results from Propensity Score Matching 
Out of the 8066 households suitable for analysis, about 76 percent of the households derive more than 5 
percent of the total production share from high-value crops. Only 24 percent of the households did not 
grow high-value crops commercially. The probit regression model was conducted to estimate the 
propensity scores. After dropping few nuisance variables, we found 10 optimal blocks where the 
balancing property was satisfied. The common support region (where distributions of the propensity score 
for control and treated group overlap) has been identified between 0.16 and 1 of the propensity scores. 
Table 5.6 includes the variables expected to influence the adoption of the HVCs farming and presents the 
mean values for the treated (growing HVCs) and control (non-growing HVCs) households for both the 
unmatched and matched sample. Clearly results indicate that matching leads to the significant reduction 
in bias (Table 5.6).  

Table 5.6 Variables used for propensity score matching and its bias reduction (percent)  
Variable Unmatched/ 

Matched 
Treated Control % 

bias 
% reduction 
in bias 

Year 2004 Unmatched 0.32 0.27 9.10 57.80 Matched 0.32 0.30 3.90 

Year 2010 
Unmatched 0.47 0.29 38.00 25.70 Matched 0.47 0.33 28.20 

Family size Unmatched 5.21 6.16 -35.80 34.10 Matched 5.21 5.84 -23.60 

Household dependency ratio Unmatched 0.41 0.43 -8.50 31.60 Matched 0.41 0.43 -5.80 
Gender of the household head 
(Male=1, Female=0) 

Unmatched 0.77 0.86 -24.40 26.10 Matched 0.77 0.84 -18.00 

Age of household head in years Unmatched 45.62 45.63 -0.10 90.70 Matched 45.62 45.62 0.00 
Unprivileged 
  

Unmatched 0.21 0.33 -28.10 33.30 Matched 0.21 0.29 -18.80 
Brahmin 
  

Unmatched 0.17 0.09 23.60 20.30 Matched 0.17 0.11 18.80 
Mother education Unmatched 0.36 0.21 33.80 24.10 Matched 0.36 0.25 25.70 
Net-buyer 
  

Unmatched 0.71 0.59 25.30 32.50 Matched 0.71 0.63 17.10 
Annual nonag income (rps) Unmatched 69871.00 45105.00 6.50 20.30 

Matched 69871.00 50126.00 5.20 
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Table 5.6 Continued 
Variable Unmatched/ 

Matched 
Treated Control % 

bias 
% reduction 
in bias 

Remittance Unmatched 0.20 0.16 9.50 18.60  Matched 0.20 0.17 7.80 

Small farm Unmatched 0.26 0.23 6.20 32.10 Matched 0.26 0.24 4.20 
Medium farm 
  

Unmatched 0.30 0.31 -1.00 18.60 Matched 0.30 0.30 0.80 
Farmland (ha) 
  

Unmatched 0.70 0.89 -15.10 39.70 Matched 0.70 0.82 -9.10 

Irrigation Unmatched 0.57 0.57 0.10 793.00 Matched 0.57 0.58 -0.70 

Agricultural loan Unmatched 0.07 0.05 10.60 17.40 Matched 0.07 0.05 8.70 

Agriculture technicians Unmatched 0.08 0.06 9.70 23.60 Matched 0.08 0.06 7.40 

Fertilizer Unmatched 0.65 0.70 -9.60 43.30 Matched 0.65 0.68 -5.50 
Improved seeds 
  

Unmatched 0.31 0.23 18.80 28.30 Matched 0.31 0.25 13.50 
Travel time (min) to reach 
paved road (by foot) 

Unmatched 1250.10 1220.50 1.80 
33.50 Matched 1250.10 1269.90 -1.20 

Travel time (min) to reach 
market center (by foot) 

Unmatched 582.61 544.21 4.10 48.30 Matched 582.61 562.75 2.10 
Telephone 
  

Unmatched 0.05 0.03 7.70 35.00 Matched 0.05 0.04 5.00 
Fridge/Refrigerator 
  

Unmatched 0.02 0.01 6.00 34.70 Matched 0.02 0.02 3.90 

Percentage of marginal 
household in a community 

Unmatched 35.51 34.40 5.00 
76.10 Matched 35.51 35.24 1.20 

Average nonagricultural 
income of a household in a 
community  

Unmatched 71232.00 50235.00 15.30 
26.20 Matched 71232.00 55736.00 11.30 

Percentage of household 
receiving remittance in a 
community  

Unmatched 19.56 17.25 10.40 
14.30 Matched 19.56 17.58 8.90 

Average time (minutes) taken 
to reach market center by foot 
in a community  

Unmatched 583.68 547.92 4.70 
46.80 Matched 583.68 564.67 2.50 

Average percentage of 
household that have access to 
irrigation in a community  

Unmatched 59.23 57.45 5.80 
40.70 Matched 59.23 58.18 3.40 

Total urban population per 
district area km2 in a district  

Unmatched 5914.50 7482.30 -6.20 9.80 Matched 5914.50 7635.30 -6.80 

Road density # urban 
population density 

Unmatched 750000.00 1000000.0
0 -4.30 18.60 

Matched 750000.00 1100000 -5.10 
Road length (km) per district 
area km2 in a district 

Unmatched 22.94 24.38 -4.50 21.10 Matched 22.94 24.69 -5.50 
Average annual rainfall 
received in a district (mm) 

Unmatched 156.29 162.76 -10.00 42.50 Matched 156.29 160.01 -5.80 

Terai Unmatched 0.32 0.56 -50.30 29.20 Matched 0.32 0.49 -35.60 
Hill 
  

Unmatched 0.56 0.31 51.60 25.90 Matched 0.56 0.37 38.20 
Source:  Authors. 
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We estimated the average treatment effect on the treated group (ATT) using nearest-
neighborhood, stratification, radius, and kernel matching techniques. Results are shown in Table 5.7. The 
results from average treatment effects using nearest-neighborhood matching (t=2.16) shows that the 
households growing HVCs commercially have a positive and significant impact on household MPCE. 
The ATT on MPCE for households growing HVCs is Rs 116. The ATT using stratification matching 
shows a positive and significant impact of HVCs on MPCE. The result shows, on an average of Rs 141 
increase in MPCE for households growing HVCs. The results from ATT using radius matching and 
Kernel matching shows an increase impact of Rs 209 and Rs 223 with high significance (t=5.69) and 
(t=5.12) of HVCs on MPCE, respectively. Our results are highly consistent with earlier findings. Similar 
matching techniques were used to estimate the treatment effect on poverty. We found that the households 
growing HVCs will have reduced poverty incidence. 

Tables A.1–A.4 present results on the ATT for growers of cereal, vegetables, fruits and 
spices/condiments. We found interesting results that the households growing cereal crops will have on 
average reduced MPCE and increased poverty incidence while households growing vegetables, fruits and 
spices and condiments will have increased MPCE and reduced poverty incidence. These results clearly 
illustrated that households growing HVCs are better off than households growing cereal crops. In case of 
HVCs, households growing vegetables have higher MPCE and reduced poverty incidence than 
households growing fruits, and spices and condiments.  

Table 5.7 Average treatment effect of treatment (ATT) individuals using various matching 
techniques 

 Matching techniques Number of 
treatment 

Number 
of control 

ATT Std. Err. t-statistics 

 ATT using nearest-
neighbor matching 

6099 1380 116.07 53.70 2.16 

MPCE ATT using stratification 
matching 

6099 1964 141.28 49.37 2.86 

 ATT using radius matching 5900 1895 208.80 36.71 5.69 
 ATT using kernel matching 6099 1964 223.48 43.61 5.12 
 ATT using nearest-

neighbor matching 
6099 1380 -0.07 0.021 -3.09 

Poor ATT using stratification 
matching 

6099 1964 -0.05 0.02 -3.43 

 ATT using radius matching 5900 1895 -0.06 0.02 -4.28 
 ATT using kernel matching 6099 1964 -0.07 0.02 -4.49 

Source:  Authors. 

Robustness Test of Average Treatment Effects 
We already conducted a sort of robustness check earlier using different matching techniques (Table 5.7). 
Results from all these matching techniques are quite consistent. We also estimated the average treatment 
effect for the treated (ATT) and for the sample as a whole (ATE) using direct nearest-neighbor matching 
(with one match per treatment) across the variables defined in 13. Results are highly consistent with 
earlier findings of ATT (Table 5.8). The impacts are highest for the ATT followed by the ATE. Table 5.8 
also presents the impacts without using propensity scores and common support assumption and with 
using propensity scores, and one-to-one nearest neighbor matching without common support. All the 
coefficients/impacts are positive and statistically significant at less than 5 percent level in case of MPCE. 
Similarly, in case of poor, all coefficients are negative and statistically significance suggesting the 
evidence of reduced poverty for households growing HVCs.  
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Table 5.8 Robustness test using different assumptions on common support, propensity scores, and 
matching techniques 

 Technique Impact 
MPCE Direct nearest-neighbor matching estimating average treatment effect for the treated 

(ATT) 
323.64*** 

 (33.44) 

 Direct nearest-neighbor matching estimating average treatment effect for sample 
(ATE) 

254.07*** 
 (28.46) 

 Without using propensity scores and common support (ATT) 116.07** 
 (57.83) 
 With using propensity scores, one-to-one nearest neighbor matching without 

common support (ATT) 
115.77** 
(59.97) 

Poor Direct nearest-neighbor matching estimating average treatment effect for the treated 
(ATT) 

-0.07*** 
 (0.02) 

 Direct nearest-neighbor matching estimating average treatment effect for sample 
(ATE) 

-0.06*** 
 (0.01) 

 Without using propensity scores and common support (ATT) -0.06** 
 (0.02) 

 With using propensity scores, one-to-one nearest neighbor matching without 
common support (ATT) 

-0.06** 
(0.02) 

Source:  Authors. 
Note:  Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

Table 5.9 illustrates the results from the sensitivity analysis. The probabilities Pij are the 
parameters that characterize the distribution of confounding factors. The estimated Г indicates the 
“outcome effect” of U (simulated confounding factor) while the estimated ʌ indicates the "selection 
effect" of U. The first row of Table 5.9 presents the baseline ATT estimate obtained without the 
assumption of confounder in the matching set. In the second row, we reported the ATT estimate with a 
neutral confounder (where p01-p00=0 and p1-p0=0). Such confounder slightly changes the baseline result. 
Rest of the rows of Table 5.9 illustrates the results when binary confounding factor U is simulated to 
imitate different observable covariates. While comparing the ATT estimates (obtained assuming 
confounder) with the baseline results, the maximum and minimum difference observed are about 14 
percent and 2 percent, respectively. Similarly, while comparing the ATT estimates (obtained assuming 
confounder) with the neutral confounder results, the maximum and minimum difference observed with 
the rest of the estimators are 12 percent and about 0.3 percent, respectively. All the estimates are 
statistically significant. Overall, sensitivity analysis test reveals the robustness of the baseline matching 
ATT estimates of Rs 140. 

Table 5.9 Sensitivity analysis of matching estimators 
 Fraction U=1 by 

treatment/outcome 
Outcome 
effect 

Selection 
effect 

ATT S.E. 

Variable P11 P10 P01 P00 Г ʌ   
No confounder 0 0 0 0 - - 140.1 50.4 
Neutral confounder 0.50 0.50 0.50 0.50 1.04 1.003 137.4 60.1 
Confounder like:         
Male 0.71 0.80 0.78 0.88 0.44 0.57 121.00 62.63 
Agricultural loan 0.13 0.03 0.10 0.03 3.58 1.32 121.43 59.28 
Net-buyers 0.68 0.74 0.59 0.59 0.99 1.75 145.11 62.95 
Irrigation 0.62 0.54 0.62 0.56 1.27 0.96 137.41 59.58 
Remittance 0.31 0.12 0.30 0.13 3.008 1.12 131.49 60.33 
Marginal farm 0.36 0.36 0.39 0.33 1.33 1.06 137.08 58.79 
Source:  Authors. 
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6.  CONCLUSION AND POLICY IMPLICATIONS 

This study presents the current status and determinants of agricultural diversification in Nepal. This study 
also examines the impact of agricultural diversification on the rural poverty and monthly per capita 
consumption expenditure. As an indicator of agricultural diversification, we used the share of HVCs in 
the total value of household production. Descriptive and rigorous econometric analysis was conducted to 
study the agricultural diversification in Nepal. The study mainly relies on the three rounds of the 
nationally representative Nepal Living Standard Surveys: NLSS I (1994/95), NLSS II (2004/05) and 
NLSS III (2010/11). After dropping households who do not own or rent land, our sample was limited to 
the 8998 households.  

We found that the area shared by major cereals (paddy, maize, wheat) and pulses is declining 
while the area shared by high-value crops (potato, vegetables, spices/condiments, and fruits) is increasing 
in Nepal. Between 1995 and 2010, the share of total cereals was reduced by 14.64 percent, 12.76 percent, 
and 10.58 percent in Mountain, Hills, and Terai, respectively. However, the share of HVCs increased by 
8.88 percent, 9 percent, and 8.63 percent showing the evidence of noticeable transition from cereal based 
farming to HVCs farming in Nepal. Highly developed and urbanized districts have witnessed relatively 
higher percentage change (positive) in the share of the high-value crops in a district between 1995 and 
2010. 

We employed multilevel model using the variables organized at the household, community and 
district level to study the factors influencing agricultural diversification in Nepal. Results indicate that the 
community and district level variables are also important to take account as they explain about 28 percent 
and 6 percent of the variation of the share of the HVCs. Important variables that are correlated with more 
than 1 percent increase in share of HVCs are female headed households, Brahmin ethnic group, 
households with educated mother, net-buyer households, urban households, remittance receiving 
households, marginal farm, households with kitchen garden, households using improved seeds, owning 
telephone and refrigerator. 

We estimated the impact of agricultural diversity on rural poverty in Nepal using instrumental 
variable and propensity score matching techniques. We used two indicators of welfare measures—if a 
household is below or above the poverty line and the monthly per capital expenditure (MPCE). Results 
from instrumental variable analysis indicate that one percent increase in the share of high-value crops 
causes about increase of Rs 57 in the MPCE controlling all other factors constant. Irrigation, agricultural 
loan, agriculture technicians, fertilizer and improved seeds are positive correlated with the MPCE and 
statistically significant at less than 10 percent level. Fertilizer has the biggest marginal effect to MPCE 
followed by irrigation, agricultural loan, agriculture technicians, and improved seeds. Factors associated 
with reducing the probability of being poor households are mother education, annual nonagricultural 
income, receiving remittance, being medium and large farm, receiving advice from agriculture 
technicians, access to irrigation, agricultural loan, improved seeds, and owning telephone. Although using 
different matching techniques yield significant ATT estimate of minimum of 116 and maximum of 324, 
the sensitivity analysis test reveals the robust estimate of 140. Households relying on cereal crops have 
reduced MPCE and increased poverty incidence than households growing HVCs. Vegetable growers were 
found to be benefitted most in comparison to the other HVCs. 

Several policies recommendation emerges from this study. Household attributes need to be 
considered for promoting the high-value and commercial crops are marginal and net-buyer households 
headed by female and educated mothers, that receives remittance, has kitchen garden, own telephone and 
are located near the urban center or are very close to the paved roads. Any policies targeted to promote 
the HVCs farming in Nepal are expected to eventually translate towards improved welfare measures of 
rural households. 
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This study focuses only on the supply side of high-value agriculture in Nepal. However, it is 
equally important to discuss on the demand side as well. One of the pertinent research questions is "To 
what extent are changes in share of HVCs driven by changes in demand"? While the share of HVCs has 
increased, is it being consumed locally, in the urban centers or exported to India? Are developments in 
retailing in Kathmandu (like supermarkets) influencing the consumer choices towards processed high-
value products? This study confirmed the contraction of traditional crop production across time. Is it 
related to developments and new opportunities in international grain markets? These are some of the 
burning research issues on the demand side of the HVCs that can be examined by future studies. 
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APPENDIX: SUPPLEMENTARY TABLES 

Table A.1 Cereals- average treatment effect of treated (ATT) individuals using various matching 
techniques 

 Matching techniques Number of 
treatment 

Number of 
control 

ATT Std. 
Err. 

t-statistics 

 ATT using nearest-
neighbor matching 

7848 217 -1074.42 153.76 -6.99 

 
MPCE ATT using stratification 

matching 
7848 217 -977.79 95.29 -10.26 

 ATT using radius 
matching 

4330 
 

218 -1296.80 125.05 -10.37 

 ATT using nearest-
neighbor matching 

7848 
 

217 0.164 0.028 5.84 

Poor ATT using stratification 
matching 

7848 217 0.144 0.030 4.81 

 ATT using radius 
matching 

4330 
 

218 0.180 0.023 7.78 

Source:  Authors. 

Table A.2 Vegetables- average treatment effect of treated (ATT) individuals using various matching 
techniques 

 Matching techniques Number of 
treatment 

Number of 
Control 

ATT Std. 
Err. 

t-
statistics 

 ATT using nearest-neighbor 
matching 5081 1860 445.33 40.10 11.10 

MPCE ATT using stratification 
matching 5081 2982 454.06 32.72 13.87 

 ATT using radius matching 5046 2851 475.95 30.85 15.43 
 ATT using nearest-neighbor 

matching 5081 1860 -0.09 0.02 -5.86 
Poor ATT using stratification 

matching 5081 2982 -0.09 0.01 -7.76 
 ATT using radius matching 5046 2851 -0.10 0.01 -8.45 

Source:  Authors. 

Table A.1 Fruits-average treatment effect of treated (ATT) individuals using various matching 
techniques 

 Matching techniques Number of 
treatment 

Number of 
Control 

ATT Std. 
Err. 

t-
statistics 

 ATT using nearest-neighbor 
matching 1402 1161 290.80 57.74 5.04 

MPCE ATT using stratification 
matching 1401 6661 357.68 38.22 9.36 

 ATT using radius matching 1399 6034 273.28 41.26 6.62 
 ATT using nearest-neighbor 

matching 1402 1161 -0.08 0.02 -4.35 
Poor ATT using stratification 

matching 1401 6661 -0.08 0.01 -6.73 
 ATT using radius matching 1399 6034 -0.07 0.01 -5.48 

Source:  Authors. 
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Table A.4 Spices and condiments-average treatment effect of treated (ATT) individuals using 
various matching techniques 

 Matching techniques Number of 
treatment 

Number of 
Control 

ATT Std. 
Err. 

t-
statistics 

 ATT using nearest-neighbor 
matching 285 277 433.13 118.42 3.66 

MPCE ATT using stratification 
matching 285 7730 446.63 74.36 6.01 

 ATT using radius matching 285 4972 244.41 89.04 2.75 
 ATT using nearest-neighbor 

matching 285 277 -0.14 0.04 -3.71 
Poor ATT using stratification 

matching 285 7730 -0.09 0.02 -3.90 
 ATT using radius matching 285 4972 -0.07 0.02 -2.66 

Source:  Authors. 
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