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Abstract

:

A rapid increase in population in sub-Saharan Africa has caused a decrease in farm size, an increase in the number of landless farmers, and soil erosion in communal forests due to increasing utilization. Ethiopia has addressed this problem by introducing an epoch-making privatization policy for the allocation of communal land to landless farmers. This policy promotes the economic utilization of the communal land while protecting natural resources. Hitherto, few studies have evaluated the impact of the policy. We evaluate the effect of the communal land distribution policy for tree-planting using technical efficiency of farm production by estimating a stochastic production function model in the Tigray region of Ethiopia. We compare the technical efficiencies of farm production between both participating and nonparticipating farms in the program using a quasi-experimental method. The results reveal the improvement of technical efficiency through communal land distribution. Therefore, program activities could increase farm incomes while maintaining land conservation. Thus, the allocation of communal land promotes sustainable land utilization in the mountainous areas of sub-Saharan Africa.
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1. Introduction


Many developing countries with communal hillside areas face challenges concerning soil erosion and land degradation. Consequently, this results in the reduction of farmland productivity and farmers’ incomes. To mitigate these challenges, land conservation and the rehabilitation of vegetation have commenced by the introduction of enclosures and free-grazing restrictions. However, most areas do not offer sufficient off-farm employment opportunities, leading to a decrease in the income per capita as the rural population increases. Therefore, the government is effectively utilizing the communal lands, which were previously conserved.



In Ethiopia, a great deal of communal land is not fully utilized economically [1]. A limited number of farm animals are allowed to enter communal lands to prevent land degradation [2]. Commercial forestry production by individual farmers, instead of commercial farms, is also limited. If communal land could be utilized more efficiently, the income of farming households could increase.



In the northern areas of Ethiopia, the opportunity for non-farm employment is limited. Especially in mountainous areas, there are few irrigated lands, and, therefore, labor is abundant during the dry season when farming is suspended. To utilize communal lands and surplus labor more effectively, the Tigray Region in Ethiopia introduced the Hillside and Gully Distribution Program for landless farmers in 2011 (Tigray Bureau of Agriculture and Rural Development, “Directives on Area Closure (Hillside and Gully) Development and Utilization”, January 2011, Mekelle, Tigray Region; it was introduced in some districts in 2009 and fully introduced in 2011.). The government allocates communal lands to farmers who do not own registered farmlands. This enables farmers to perform conservation activities to generate income off the land, like planting eucalyptus trees. This program is being expanded to other regions in Ethiopia and is being considered in other areas in sub-Saharan Africa with similar social and natural conditions.



Various studies indicate that land distribution programs in developing countries result in the improved efficiency of local economies [3,4,5,6,7]. However, most studies focus on the impact of the redistribution policies of existing farmlands. Few policies have been analyzed communal land distribution programs.



Particularly, we are unsure whether a distribution program for communal forests increases the efficiency of farm production. Tree planting occurs at the beginning of the rainy season, which overlaps with the crop-planting period. If the time spent on conservation or tree planting interferes with farming, household incomes may not increase. If farmers efficiently utilize surplus labor, they could increase household incomes through tree planting. Thus, an empirical question posed here is whether household incomes increase.



The purpose of this study is to test efficiency improvement effects of a communal land distribution program in the Tigray Region of Ethiopia by comparing the technical efficiencies of those who did and did not participate in the program. The measurement of technical efficiencies for forestry or agroforestry has been applied in many studies [8,9,10,11,12,13]. Few studies have measured efficiency changes by policy programs to provide communal land for tree planting. Whether communal land distribution increases technical efficiency depends on the efficient use of abundant labor, as the availability of capital investment is limited in a developing country. In this study, we investigate whether technical efficiency improves through communal land distribution to landless farmers who have abundant time for additional work.



One of the important conditions for the land distribution program is the availability of a sufficient labor force in rural areas. In the case of a labor shortage, farmers are unable to increase their incomes adequately, even though they obtain additional lands. We could suppose that due to a rapid increase in the rural population in sub-Saharan Africa, labor surplus exists in rural areas, especially during off-seasons for farming [14]. Surplus agricultural labor can be allocated to non-agricultural employment opportunities, hence diversifying the income streams [15,16,17,18]. Contrarily, labor shortage and off-farm incomes in rural areas do not increase beyond a limit [19,20,21,22,23,24].



Several studies have estimated the impact of the land tenure system on natural resource management in comparison to the land property rights systems in different areas [25,26,27,28,29]. Although these studies control the geographical or social differences between study sites, controlling all characteristics of sites is difficult, and missing variables may exist. It is preferable to compare a randomly selected sample for two tenure systems. However, such an experiment is difficult to implement.




2. Communal Land Distribution Program in Ethiopia


In the Tigray Region of Ethiopia, most forests and other communal lands were highly degraded before the 1990s due to human-induced factors like firewood collection by locals, animal grazing, and political instability [30,31]. Since the downfall of the socialist regime, local governments protect the communal lands. They implemented village bylaws for communal land management, which has contributed to the conservation of natural forests [30,32].



Due to the rapid increase in Ethiopia’s rural population, the number of landless young farmers has increased. After the socialist regime led by the military government ended in Ethiopia, land-use rights were awarded to individuals, while the government retained ownership of all land. The selling or mortgaging of land was prohibited [33]. The Federal Land Proclamation was implemented in 1997. It was followed by new regional land laws in 1998 in Tigray, through which the official registration of farmlands was implemented [33]. New farmlands were generally not allocated to younger farmers during the land registration process due to the lack of additional land in rural areas. As a result, many landless farmers emerged after the registration. Therefore, the majority of Ethiopian youth in rural areas are landless farmers [34]. These individuals are only able to farm by renting land or sharecropping, an unfavorable economic situation.



The hillside distribution program was introduced in 1999 in certain districts in the Tigray Region to improve the condition of young landless farmers. The regional government expanded the program to all local areas by 2011. The Amhara region in Ethiopia initiated a similar program [35]. Allocated lands are communal lands administrated by local communities, such as villages (tabia), sub-villages (kushet), and settlements (gote) in the Tigray Region [36]. Most communal lands were devolved to the local communities.



According to program regulations, allocated land must be used for conservation activities that generate income, such as tree planting, agroforestry, fodder collection for livestock, and apiculture. Activities conducted on allocated land are designed and monitored by experts from the natural resource departments of district (woreda) offices to ensure that no further soil erosion occurs. Land use can only be transferred to children or grandchildren who do not own land. Furthermore, land can also be rented to other individuals on the condition that they utilize the land sustainably. The standard distribution per person is 0.5 hectares for hillside areas or 0.25 hectares for riverside (gully rehabilitation) areas.



The communal land distribution program in Ethiopia mirrors the characteristics of semi-private lands. While those who receive allocated communal lands can obtain earnings from land activities, they must engage in activities determined by the village. These activities must contribute to the conservation of areas. Famers who fail to adhere to the designated rules of utilization or do not use the land must return it to the village. Thus, people do not have the decision-making authority regarding the utilization of allocated lands. Additionally, they cannot sell or rent allocated lands to other individuals.



Semi-private land systems are also prevalent in other countries [37,38]. These include not only socialist countries, but also capitalist countries with land institutions relating to private and communal ownership. In developing countries, many customary land institutions are not fully private or public. However, a government policy of the semi-privatization of communal lands for landless farmers is uncommon. The impact of the evaluation of such a policy has rarely been conducted in the past.




3. Theoretical Framework


The dual-sector model of Lewis [39] explains that the development of a rural area with abundant labor requires the development of the non-agricultural sector. The shortage of labor in rural areas caused by the development of the non-agricultural sector increases agricultural wages. However, excessive labor or disguised unemployment [40] can exist in rural areas with large populations. While labor availability varies across countries in sub-Saharan Africa, non-farm employment opportunities in rural areas are important for a country’s economic development [15].



Non-farm income in urban areas is the driving force for increasing rural incomes in developing countries. Often, increasing the output per capita in agriculture is challenging due to high population growth rates in rural areas. Non-farm employment in rural and urban areas is essential to increase household income and to reduce wealth inequality [41,42,43,44,45,46,47,48]. An underdeveloped country with a large population, such as Ethiopia, has limited non-farm employment opportunities in urban areas due to the under-development of industrial sectors; therefore, non-farm employment opportunities should also be extended to rural areas.



Ethiopia has large areas of communal land where economic activities are limited. Contrarily, farmers’ non-farming activities, such as small-scale forestry, could be profitable [49,50,51]. Farmers increasing their income depends on whether they can utilize surplus labor effectively. In Ethiopia, non-farming activities, such as trading, handicrafts, sale of local food and beverages, and mining, are absent in areas removed from main roads [52]. Thus, surplus labor exists in rural areas of the Tigray Region in Ethiopia [1].



The hypothesis in this study states that due to the surplus labor in rural areas, participation in the program increases farm household incomes. Specifically, program activity work does not reduce the efficiency of agricultural production or other non-farm activities. This is not evident because of possible labor shortages in rural areas in Africa.




4. Data


The data used in this study were obtained through original surveys conducted in August 2014 in three villages (tabias) of the Emba Alaje District (woreda) in the Southern Zone of the Tigray Region in Ethiopia (Figure 1). The district is situated approximately 670 km north of Addis Ababa, the national capital, and approximately 100 km south of Mekele, the Tigray Region’s capital. The surveyed villages, namely Keyih Tekli, Egri Albe, and Abeda, are mountainous areas located in the central part of the district. The altitude of the district center is 2465 m, and that of the villages ranges from 2300 to 3000 m above mean sea level. The soil in Emba Alaje is mostly Lithic Leptosols, which is the typical soil in Ethiopia [53]. This area is characterized as a highland where the temperature is relatively low. The average annual precipitation during 1998–2009 was 636 mm. The average high and low temperatures during 1992–2013 in the nearest city, Maychew, were 22.2 and 10.3 °C, respectively (precipitation and temperature data were directly obtained from the National Meteorological Agency of Ethiopia; data of temperatures in Adishehu are not available; Maychew is 37 km south of Emba Alaje, and the altitude at Maychew is 2479 m). This climate is suitable for Eucalyptus tree planting. Thus, Eucalyptus is the dominant tree species for timber production in the Tigray highlands [54] Particularly, in Emba Alaje District, Eucalyptus globulus and Eucalyptus camaldulensis are used for plantation [55,56]. No other trees are planted for timber production in the district.



The population density in the district is 140.6 per km2, which is higher than that of the whole of Ethiopia (73.9 per km2) [57]. In the area under study, very few people migrate to urban areas in search of non-farm and local non-agricultural employment opportunities, which are limited to carpentry and wage work for agriculture in villages. Therefore, there is a labor surplus among landless farmers, particularly during the dry season. Therefore, there may be excessive labor or disguised unemployment in this area.



Natural and social conditions vary in such areas as the Tigray Region. Therefore, the demand for the hillside distribution program also differs in these areas [58]. Participation rates for the program in the midland (i.e., 1500–2300 m above sea level) are lower than those in the highland [59,60].



Since the total distributed land is limited, only a fraction of the applicants are approved. Thus, the area allocated in our study site (Emba Alaje) is smaller than other areas in the Tigray Region. In the study site, participants were granted 0.25 hectares for hillside renovation and 0.125 hectares for gully rehabilitation.



The quasi-experiment to understand the effects of participation on the hillside distribution program was implemented in three villages. Although our study did not separate a target group for participants and a control group for non-participants before the program commenced, the local government randomly selected participants from eligible individuals. Certain villages in the Tigray Region had fewer applicants than the number of plots offered; all applicants were allocated lands. Villages in the Emba Alaje District had more applicants than available plots. The district office applied a lottery system to select participants. Thus, participants and non-participants can be compared without considering endogeneity in the selection process.



First, we drafted a list of all participants and non-participants in the program who were landless farmers in each village. Next, we selected 60 participants and 60 non-participants from each list using a random sampling method. We compared these two samples and tested whether there were any differences between the groups.



As defined by the government, landless farmers are those who do not own farmlands registered in their names. Note that farmlands are not allocated to households, but individuals; therefore, some landless farmers could have a spouse who owns farmlands. We excluded such households from our sample.



Since many trees planted as part of the program had not grown sufficiently for harvesting, we estimated future expected forestry income for young trees using data of other households growing Eucalyptus trees. We conducted another survey of the households in 2014. We randomly selected 64 households from two sub-villages (kushet: Telema and Minchere) in the Keyih Tekli tabia; 52 households among them had planted trees five years earlier. The results of the survey are presented in Table 1. The number of observations is inconsistent, as respondents were unsure of specific questions. The approximate income per tree was calculated by subtracting all operating costs from the revenue—the estimated net income for the forest per survived tree was 5.83 Birr per year. The estimated income per hectare of planted land was calculated by multiplying the expected income per tree and the number of seedlings per hectare. We assume that farmers adhered to district office guidelines, which recommended 2500 planted seedlings per hectare. Some farmers planted more than the recommended number; however, dense planting does not necessarily increase profits per area due to the decrease in tree growth.



By using an estimated forestry income, we computed the average annual income per laborer (Figure 2). The total income and the income per activity for participants and non-participants in the program were compared. We did not find any significant differences between participants and non-participants in agricultural and livestock income. The non-farm incomes of the participants were lower than those of the non-participants. Regarding forestry income, participants earned more than non-participants, most of which were derived from tree planting in distributed land. The total income of participants was higher than that of non-participants.




5. Method


To examine whether the program improved the efficiency of farming, we estimated the technical efficiency using a stochastic frontier production function model. The technical efficiency is the proportion of the output level relative to the technical frontier, which is the maximum level of potential output under a specified level of labor and land. This method can measure technical improvement triggered by public policy. Regarding the land distribution program, we can illustrate whether the program induced efficient utilization of production factors, such as family labor. The advantage of the stochastic frontier model is that it allows for potential errors when estimating the production frontier. It has been applied in several economic studies in Africa (e.g., Ahmed et al. [61]); however, few studies have tested actual rural policy programs using the model.



The stochastic frontier model is expressed as


  ln y =  α  +  ∑ i   β i   x i  +  ∑ i   ∑ j   β  i j    x i   x j  +  ∑ i   β  i i    x  i i  2  − u + ε  



(1)




where y denotes the household income, xi denotes factors of production, i.e., the log of the number of laborers (labor), the log of the farmland area for the household (farm), the area of tree planting for the household (forest), and the total number of livestock in the tropical livestock unit (animal), u denotes the inefficiency term with half normal distribution, and ε denotes the error term of the frontier model. We assume that the factors of production are exogenous because the factors cannot be altered in the short run in rural Ethiopia.



The inefficiency model is as follows:


  u =  δ 0  + γ p +  ∑ i   δ i   z i  + η  



(2)




where p denotes the dummy variable for program participation, zi denotes the variable for household characteristics, and η denotes the error term. The Equations (1) and (2) are estimated by the maximum likelihood method [62].



Total income refers to the sum of agricultural, forestry, livestock, and non-farm incomes. Forestry income references estimated incomes from tree planting, as discussed earlier. Non-farm income includes earnings from non-farm employment and the aid program (the Productive Safety Net Program, initiated in 2005 in response to the food shortage in Ethiopia). Livestock income considers all animal-related income, including the farmers’ consumption of production.



The farmland areas used for crop cultivation are rented or sharecropped and, in several cases, belong to the farmer’s parents. Tree-planting areas include areas in homesteads and around farmlands, as well as communal land distributed in the program. Labor is defined as farmers aged above 18 years. A farmworker aged between 6 and 17 is counted as half a person.



The household characteristic variable age20_29 is the dummy variable for the household head who is 20 to 29 years old, and the variable age30above refers to a person who is 30 years old and above. The household head’s education is characterized by educ_0, the dummy variable for heads without school education, educ1_4 for heads with one to four years of education, and educ5_9 for heads with five to nine years of education. The variable female represents a female-headed household. The variable distance indicates the distance in km from a house to the main road on which buses drive to the district’s center. We also use dummy variables for villages: village_A for Abeda and village_E for Egri Alibe.



Descriptive statistics are listed in Table 2. A significant disparity exists among landless farmers concerning income, number of laborers, cultivated area, sharecropping ratios, and the number of livestock per household. Most landless farmers are young, and the average age is 31.8 years. The number of female-headed households is low, as most of them are young. The average number of years of education for the household head is 3.9 years, while it ranges from 0 to 12 years.




6. Results


Table 3 illustrates the results of the estimation of the frontier function for the total income per household. The statistic of σ2 is the variance of the inefficiency term, u, being significantly greater than zero, which suggests the existence of the inefficiency effect in Equation (2). In addition, γ is the ratio of σ2 to the total errors in Equation (1), indicating that the errors in the frontier function are explained by the inefficiency model. The log likelihood test for the null hypothesis of γ = 0 is rejected at the 1% level. These statistics support our representation of the efficiency model.



As per the estimates of the efficiency model shown in Table 3, the coefficient of participation is negative and significant at the 1% level. This shows that the hillside distribution program increases the technical efficiency regarding labor when other factors are controlled similarly. This supports our hypothesis that excess labor is used more efficiently if the farmer participates in the program.



Table 4 displays the coefficient estimates of the stochastic production function model for agricultural income, including income from livestock. The coefficient for participation is not significant; therefore, participation in the program does not affect the efficiency of agricultural production. This implies that the work time for program activities does not conflict with farming activities. Table 5 presents estimates for non-agricultural incomes, such as carpentry work and other casual work. The coefficient for participation is, again, not significant. It shows no evidence that the program affects other incomes. Regarding other factors, young farmers are more efficient in all models, probably because they can work physically harder.



The average technical efficiency estimates are 0.947 for participants and 0.809 for non-participants. The t-test for the difference between the two estimates is significant at the 1% level. Table 6 presents the proportional distribution of technical efficiencies for participants and non-participants. Several participants experience high technical efficiencies, while many non-participants experience low efficiencies.



Additionally, Table 6 compares the distribution of estimated technical efficiencies between those participating and not participating in the program. This indicates that those participating in the program have higher ranges of incomes.




7. Discussion


This study has revealed that the program has a positive effect on the efficiency of the household economy. Prior studies have applied stochastic production function models to estimate the inefficiencies due to the excess capacity of agricultural production [63,64,65]. Previous studies have also demonstrated various factors of inefficiency in agricultural production. Additionally, this study has found that the communal land distribution program improves farm efficiency.



Jayne et al. [66] have shown that additional income sources other than conventional farming are needed in rural Ethiopia. Hitayezu et al. [67] argue that time allocation to rural non-farm activities increases with high labor availability and low productivity of farmland. Our study suggests that communal land distribution generates new sources of income in areas with abundant labor and less productive farmland.



A probable reason for the efficiency improvement of the program is that participants use excessive labor in program activities, such as tree planting. Since the labor force is more than what is necessary for production, disguised unemployment [40] exists in the rural areas of Ethiopia [68]. Engagement in program activities rarely results in the sacrifice of farming and other income.



It should be noted that this study’s approach can only be applied to areas where social or natural conditions are like the study site. The area is a mountainous location with suitable climate conditions for tree planting. Therefore, the number of applicants for the program is higher than those of available plots. However, in multiple other areas where activities in communal lands are less profitable, the number of applicants is not sufficient [59].




8. Conclusions


Since there is a trade-off between farmers’ incomes and land conservation in areas in the East African highlands, a temporal increase in farm incomes is likely to cause land degradation [69]. This study shows that the hillside distribution program in Ethiopia is an epoch-making policy that overcomes the trade-off and achieves both income generation and land conservation of hillside areas.



We estimate a stochastic production function model to evaluate the effect of the communal land distribution policy for tree planting on farm production efficiency and compare the technical efficiencies between both participating and nonparticipating farms in the program using a quasi-experimental method. The results reveal the improvement of efficiency through communal land distribution.



This finding poses the following implications to rural policies in many underdeveloped countries where there are limited non-farm employment opportunities and communal lands are not economically utilized. Since the labor for tree planting does not sacrifice labor for farming where non-farm employment opportunities are limited, a communal land distribution program will increase the efficiency of farm production and increase farm household incomes.



Several underdeveloped countries experience difficulties in increasing agricultural incomes due to the decline in farm area per capita. This is caused by a rapid population increase and the under-development of non-agricultural sectors. In these situations, the distribution of communal lands to poor farmers could increase their incomes. However, it should also be noted that many communal lands offer sources of animal fodder for local farmers, and, therefore, not all lands can be distributed. Additionally, communal lands are likely to offer eco-system services or various non-monetary benefits to people in local and downstream areas. We must carefully evaluate how communal land distribution may affect such non-economic values before program implementation.



Since this study used a relatively small sample, the evidence of this study is only applicable to a small area in Ethiopia. Nonetheless, this study proposes a new method of policy evaluation that is less expensive but equivalent to the randomized controlled trial (RCT), which is often criticized for its high financial and social costs of implementation, as well as its ethical issues [70]. The generality of this study’s findings may be confirmed by conducting similar surveys and applying the same method in broader areas.
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Figure 1. Study areas. 
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Figure 2. Average annual net income per person by activity. 
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Table 1. The situation of tree planting in homesteads and farmlands.
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	Number of Trees Survived
	Average Period after Planting (Year)
	Annual Net Income Per Tree (Birr)





	Mean
	177
	8.3
	5.83



	Maximum
	1000
	41.0
	15.94



	Minimum
	25
	3.0
	0.41



	Standard deviation
	161
	5.7
	3.41



	Number of observations
	61
	62
	60







Source: The household survey in Emba Alaje District for this study.
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Table 2. Descriptive statistics of households in the Landless Farmers Survey, 2014.
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	Variable
	Unit
	Mean
	Standard Deviation
	Minimum
	Maximum





	Annual income
	birr
	10,500
	4014
	3225
	20,100



	Number of laborers
	number
	2.217
	0.329
	1.500
	3.500



	Cultivated land
	hectare
	0.440
	0.233
	0.100
	1.750



	Tree planting land
	hectare
	0.248
	0.221
	0.004
	1.454



	Number of animals
	TLU
	35.9
	14.3
	0.5
	80.5



	Household head age
	
	31.8
	5.9
	19.0
	50.0



	Years of education of the head
	
	3.9
	3.4
	0.0
	12.0



	Female-headed household
	proportion
	0.042
	0.201
	0.000
	1.000



	Distance
	
	1.089
	1.527
	0.010
	10.000



	Sharecropping ratio
	
	0.590
	0.469
	0.000
	1.000
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Table 3. Estimates of the stochastic function model for the total income.
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Variable

	
Estimates






	
Frontier model




	
constant

	
9.807

	
***




	
labor

	
−3.452

	
***




	
farm

	
0.485

	
*




	
forest

	
−0.356

	




	
animal

	
0.277

	




	
labor^2

	
1.557

	
*




	
farm ^2

	
0.047

	




	
forest^2

	
−0.017

	




	
animal^2

	
−0.044

	
*




	
labor*farm

	
0.791

	
*




	
labor*forest

	
−0.239

	




	
labor*animal

	
0.303

	




	
farm*forest

	
−0.167

	
***




	
farm*animal

	
−0.260

	




	
forest*animal

	
0.080

	




	
Inefficiency model




	
δ0

	
0.238

	




	
participation

	
−0.471

	
***




	
age20_29

	
0.139

	




	
age30above

	
0.267

	
*




	
educ_0

	
−0.055

	




	
educ1_4

	
−0.069

	




	
educ5_9

	
−0.200

	




	
female

	
0.022

	




	
distance

	
−0.128

	
***




	
village_A

	
0.037

	




	
village_E

	
−0.186

	




	
σ2

	
0.099

	
***




	
γ

	
0.259

	
***




	
n

	
120

	








Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 4. Estimates of the stochastic function model for agricultural income.
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Variable

	
Estimates






	
Frontier model




	
constant

	
12.296

	
***




	
labor

	
−5.847

	
***




	
farm

	
1.507

	
**




	
forest

	
−0.201

	




	
animal

	
−0.604

	




	
labor^2

	
1.350

	
*




	
farm ^2

	
−0.180

	




	
forest^2

	
−0.021

	




	
animal^2

	
0.010

	
*




	
labor*farm

	
−0.336

	
*




	
labor*forest

	
−0.074

	




	
labor*animal

	
0.905

	




	
farm*forest

	
−0.088

	




	
farm*animal

	
−0.320

	
*




	
forest*animal

	
0.01207

	




	
Inefficiency model




	
δ0

	
0.027

	




	
participation

	
−0.015

	




	
age20_29

	
0.479

	




	
age30above

	
0.601

	
*




	
educ_0

	
−0.723

	




	
educ1_4

	
0.003

	




	
educ5_9

	
−0.176

	




	
female

	
−0.496

	




	
distance

	
−0.047

	
***




	
village_A

	
−0.340

	




	
village_E

	
-0.100

	




	
σ2

	
0.117

	
*




	
γ

	
0.166

	




	
n

	
120

	








Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 5. Estimates of the stochastic function model for other incomes.






Table 5. Estimates of the stochastic function model for other incomes.





	
Variable

	
Estimates

	






	
Frontier model




	
constant

	
8.310

	
*




	
labor

	
−10.099

	




	
farm

	
−0.472

	




	
forest

	
−1.178

	




	
animal

	
1.967

	
**




	
labor^2

	
3.997

	
*




	
farm ^2

	
0.186

	




	
forest^2

	
−0.040

	




	
animal^2

	
−0.279

	
***




	
labor*farm

	
0.924

	




	
labor*forest

	
−0.803

	
*




	
labor*animal

	
0.577

	




	
farm*forest

	
−0.316

	
**




	
farm*animal

	
−0.061

	




	
forest*animal

	
0.35593

	
**




	
Inefficiency model




	
δ0

	
−45.325

	




	
participation

	
0.780

	




	
age20_29

	
−2.354

	




	
age30above

	
11.058

	
*




	
educ_0

	
8.523

	




	
educ1_4

	
9.713

	




	
educ5_9

	
10.301

	
*




	
female

	
7.673

	




	
distance

	
−0.221

	




	
village_A

	
14.925

	




	
village_E

	
8.627

	




	
σ2

	
23.031

	
***




	
γ

	
0.996

	
***




	
n

	
120

	








Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 6. Distribution of technical efficiencies of the total incomes.
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	Range of Technical Efficiency
	Participant (%)
	Non-Participant (%)





	0–0.7
	1.7
	11.7



	0.7–0.8
	11.7
	13.3



	0.8–0.9
	23.3
	20.0



	0.9–1.0
	63.3
	55.0



	total
	100
	100
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