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Abstract

This paper investigates the socio-economic changes and implications in the development of a rural farming community, through a best practice analysis of farmers’ technical efficiency, using Data Envelopment Analysis (DEA). The Charnes-Cooper-Rhodes (CCR), Banker-Charnes-Cooper (BCC), and Banker-Thrall models are used to compute relative technical efficiency ratings and returns-to-scale intervals for individual farmers. Here we used the Two-stage Ordinary Least Squares (OLS) method to determine the influential inputs and to predict the production output for efficient farmers. This method also determines returns-to-scale for the entire industry.  
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1. Introduction

In oil-exporting countries of the Arabian Gulf, when farm income is low, even with the continuous government support, rural farmers may abandon agriculture and look for better opportunities in other sectors of the economy where a better and a more stable income is available. These conditions favor rural migration, which is seen as a challenge to the agricultural sector in these countries. This scenario calls for the need to investigate ways to 

enhance agricultural returns by improving farmers’ efficiency.

In this paper, we discuss the livelihood of a hill-country farming community in Jabel Akhdar

(Green Mountain) located at 10,000 feet above sea level in the Sultanate of Oman. There are 40 villages with about 10 families in each village. The farmers of this community traditionally raised goats as a means of living. They also grew vegetables and fruits, primarily for household consumption. The goats were fed largely by grazing. But the presence of wild donkeys and the environmental changes have posed a threat to grazing. So, the livestock is fed by other means as well. The social changes that are taking place in the community have a direct impact on animal husbandry. Being born in low income families, young adults have been looking for employment elsewhere, and that off-farm income adds to the household income.This additional revenue helps them to meet the veterinary and feeding expenses incurred in raising the livestock. The migration of young adults also has a significant effect on animal husbandry because, raising the herds is mainly done by family members. Some animals are slaughtered for household consumption and the others are sold in the market place. The tough conditions in the hill-country in transporting the livestock to the market place, also affect the drive for more breeding and raising goats.

In this paper, we use the Charnes-Cooper-Rhodes (CCR) model that assumes constant returns and Banker-Charnes-Cooper (BCC) model that allows increasing and decreasing returns, to investigate technical efficiency. We also use Banker-Thrall model to determine returns-to-scale for individual farmers and the Two-stage DEA/OLS method by Bardhan et al. (1998), under a Cobb-Douglas production function, to predict the growth of goat output. We are interested in measuring technical efficiency and returns-to-scale and studying the effects of certain variables such as farm size, off-farm income, herd size, feeding cost, and family labor on productivity and efficiency. In this study, some structural farm-specific factors are expected to be responsible for increased productivity, and consequently, efficiency. 

2. The Data Envelopment Analysis (DEA) approach

A DEA data domain consists of n Decision Making Units (DMUs).  The selected DMUc 

(c = 1,2,…,n) is  characterized by an input vector Xc and an output vector Yc . All vectors are column vectors, and [...]T  stands for transpose. 
 Yc = r-dimensional non-negative output vector, c = 1, 2,..., n.

 Xc = m-dimensional non-negative input vector, c = 1, 2,..., n.

 U = r-dimensional non-negative output multiplier.

 V = m-dimensional non-negative input multiplier.

We use the following CCR and BCC models to compute efficiency values for each farmer,

(Thompson et al.,1993).

Input-oriented CCR Ratio Model for DMUc  (Archimedean form)
       Max  UT Yc
  s.t.                                                                              

       VT Xc  = 1                       

       UT Yj - VT Xj  ( 0; j = 1, 2,..., n        (1)                                                             

       U ( 0, V ( 0
     

Input-oriented BCC Convex Model for DMUc  (Archimedean form)
           Max  UT Yc + u*
      s.t.                                                                         

           VT Xc  = 1                                                                                          

           UT Yj - VT Xj + u* ( 0; j = 1, 2,..., n     (2)       

           u* unrestricted 

           U ( 0, V ( 0
     

The efficiency value of DMUc in CCR or BCC model is denoted by the optimal value (c*.   

A DMUc with (c* = 1 is said to be ‘scale efficient’ and in class RE. This class can be partitioned into 3 sub-classes; (1) DEA-extreme-efficient DMUs in class E, which are at the vertices on the frontier,  (2) DEA-non-extreme-efficient DMUs in class E', which are on the frontier between vertices, and (3) DEA-inefficient DMUs in class F which are on the extended frontier. firms with 0 < (c* < 1 is said to be ‘scale inefficient’ and in class N (Charnes et al. 1991). Scale efficient classes E and E' are also called 'technically efficient'. Class F is scale efficient but not technically efficient, and class N is both scale and technically inefficient. All these classes are mutually exclusive. In our terminology, the union of E and E' form the 'technically efficient' class, and the union of F and N form the ‘technically inefficient’ class. (See Fig.1 for a graphical illustration of these classes.) 

To identify Returns-to-Scale (RTS) for DMUc , with the sign of u* in BCCM, Banker and Thrall (1992) proved the following conditions at (Xc ,Yc):
(i) Increasing RTS prevail, if and only if u* > 0 for all optimal solutions

(ii) Decreasing RTS prevail, if and only if u* < 0 for all optimal solutions

(iii) Constant RTS prevail, if and only if u* = 0 for at least one optimal solution

To avoid the need for examining all optimal solutions, they provided a method of computing the bounds for u* using the following LP models:

              u+* = Max u*                                                  u-* = Min u*
       s.t.                                                                 s.t.

               VT Xc = 1                                                       VT Xc  = 1

              UT Yc + u* = 1                                               UT Yc + u* = 1                          (3)

            UT Yj - VT Xj + u* (  0      (j = 1, 2,…, n)      UT Yj - VT Xj +  u* (  0
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It follows from the models that 
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, and u+* ( 1. Then, DMUc displays (i) Increasing RTS, if u-* > 0, (ii) Decreasing RTS, if u+* < 0, and (iii) Constant RTS, if u-* < 0 and u+* > 0.

3. Empirical analyses

Farm data were collected through a questionnaire. A total of 50 farmers selected randomly were interviewed and DEA was applied to forty three farmers (DMUs). The input variables are, farm size, off-farm income, herd size, feeding cost, and family labor. The output variable is the aggregate of selling prices of goats consumed at household and sold at the market. 

X1 = Farm Size (in feddans; 1 feddan = 0.42 hectare)

X2 = Off-farm Income (Omani Rials)

X3 = Herd Size (number of goats)

X4 = Feeding Cost (Omani Rials)

X5 = Family Labor (number of family members)

Y = Selling Price (Omani Rials) of goats consumed at households and sold at the market

We used MATLAB to compute (i) efficiency ratings for the 43 farmers in both CCR and BCC models, and (ii) the returns-to-scale intervals for extreme efficient farmers in BCC model and presented the results in Table 1.  We noted that the classes E’ and F were empty in CCR model, but class F contained farmers 9 and 43, and E’ was empty in BCC model. We further noted that farmers 5, 14, 18, 19, 21, 38 and 41, were technically efficient in both models, and they displayed constant returns, while four technically inefficient farmers 23, 28, 33, and 42 in the CCR model displayed increasing returns and six technically inefficient farmers 2, 24, 25, 35, 36, and 39 displayed decreasing returns in the BCC model. 

Following the DEA preliminary analysis, we used MINITAB to predict the output growth

for technically efficient farmers using the two-stage OLS method.

The two-stage Ordinary Least Squares (OLS) method

As described in Bardhan et al. (1998) and Arnold et al. (1996), the two-stage OLS method consists of the following stages: (1) Efficiency ratings in the BCC model are computed, and (2) Assuming a Cobb-Douglas production technology, an OLS regression model is run using a dummy variable for technical efficiency in the BCC model.  

We used the same two-stage OLS method with the quantitative variables, Y, X1, X2, X3, X4 and X5, and the dummy variable, BCC-Technical Efficiency, TE. 

TE = 
[image: image3.wmf]î

í

ì

otherwise

efficient

y

technicall

is

DMU

the

if

,

0

,

1

 

In other words, we assumed the following Cobb-Douglas form of production function with the random error term 
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, for all thirty two farmers:

Y = B0 X1B1 X2B2 X3B3 X4B4 X5B5 e B6 TE e(                 (4)

The corresponding OLS regression model is the following:

Ln Y = Ln B0 + B1 Ln X1 + B2 Ln X2 + B3 Ln X3 + B4 Ln X4 + B5 Ln X5 + B6 TE + 
[image: image5.wmf]e

        (5)

We obtained the following equation as the best model (R2 = 42.7%, R2adj = 38.3%, C-p = 3.8) 

Ln Y = 3.67 + 0.0304 Ln X2 + 0.564 Ln X4 + 0.395 TE               (OLS-1)

In the next stage of the analysis, we dropped the technically inefficient DMUs (26 farmers, in the BCC model), and ran the OLS model to predict the output for 17 technically efficient farmers. Here we dropped the dummy variable TE and considered 5 other variables in the production function. 

The best model (R2 = 71.3%, R2adj = 67.2%, C-p = 1.8) for predicting output was

Ln Y = 3.69 + 0.0615 Ln X2 + 0.664 Ln X4                 (OLS-2)   

NOTE: Prior to logarithmic transformation, zeros were replaced by 0.01.   

Best models based on R2 and Mallow’s C-p were selected as OLS-1 and OLS-2, and both models picked X2 and X4 as the influential predictors. In contrast, OLS-2 is better than OLS-1 in the sense that R2  is much higher in OLS-2 than in OLS-1, and in residual analysis, OLS-1 failed the normality test, while OLS-2 survived the test. The positive regression coefficients of X2 and X4 (both models) show that both off-farm income and feeding cost have a positive effect on goat production. OLS-2 can be used to predict the output growth for technically efficient farmers. Moreover, in OLS-2, the sum of the two regression coefficients 

(0.0615 + 0.664) being less than one indicates that the goat production displays decreasing returns-to-scale. 

4. Summary and conclusions

The BCC and CCR DEA models were used to derive technical efficiency measures and Banker-Thrall model to compute returns-to-scale intervals. Then the two-stage OLS method was used to determine the influential inputs. The favorable model to predict the production output was the OLS-2 model, and the infuential inputs were off-farm income and feeding cost. Farm size, herd size and family labor were not influential in predicting the output. Off-farm income showing a positive effect on the output indicates the impact of income earned outside of farm, on goat production. Feeding cost also showed a positive impact on goat production. As an external source of revenue, off-farm income earned by young family members employed outside of farm, helps farmers to buy feedstuff from the market. These two factors of market dependence contribute to social changes that are taking place in the farming community. Finally, goat production as an industry, displays decreasing returns-to-scale. 

Major conclusions from the analysis could be summarized as follows: (i) off-farm income is a major source of income, (ii) declining grazing is compensated by increasing purchase of feedstuff, (iii) positive impact of both off-farm income and feed-cost on goat production show the dependence of farmers’ lives on the market, and (iv) decreasing returns recommend small herd size.

5. Future research

Determine the optimal herd size subject to environmental constraints (degradation of grazing lands and shortage of water) and financial constraints.
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                                             One output Y and two inputs X1 and X2


                   



Note: The dotted line on which DMUs 4 and 8 of class F lie depict the    

          ‘extended frontier’

Table 1. Efficiency Scores in CCR and BCC mdels and Return-to-scale Bounds

	    DMU
	   (* (CCR)
	Class
	  (* (BCC)
	Class
	  LB-RTS
	 UB-RTS
	  Returns

	1
	0.46755952
	N
	0.6761173
	N
	
	
	

	2
	0.86019618
	N
	1
	E
	-2.794466
	-0.19914
	  decrease

	3
	0.33626535
	N
	0.3953562
	N
	
	
	

	4
	0.08492101
	N
	0.2941957
	N
	
	
	

	5
	1
	E
	1
	E
	-0.97689
	1
	  const

	6
	0.30999863
	N
	0.3216109
	N
	
	
	

	7
	0.20519685
	N
	0.3535299
	N
	
	
	

	8
	0.39608611
	N
	0.3961225
	N
	
	
	

	9
	0.99804305
	N
	1
	F
	
	
	

	10
	0.34460586
	N
	0.5779967
	N
	
	
	

	11
	0.44427959
	N
	0.6389351
	N
	
	
	

	12
	0.74363992
	N
	0.7861355
	N
	
	
	

	13
	0.29921616
	N
	0.3389916
	N
	
	
	

	14
	1
	E
	1
	E
	-2.693182
	0.367864
	  const

	15
	0.41408309
	N
	0.44312
	N
	
	
	

	16
	0.59767416
	N
	0.720491
	N
	
	
	

	17
	0.71436964
	N
	0.9927083
	N
	
	
	

	18
	1
	E
	1
	E
	-1.742289
	1
	  const

	19
	1
	E
	1
	E
	-1E+16
	0.167164
	  const

	20
	0.48961965
	N
	0.7133333
	N
	
	
	

	21
	1
	E
	1
	E
	-1.545455
	1
	  const

	22
	0.48274867
	N
	0.634919
	N
	
	
	

	23
	0.99425541
	N
	1
	E
	0.014977
	1
	  increase

	24
	0.70450098
	N
	1
	E
	-6.772727
	-5.2069
	  decrease

	25
	0.66046967
	N
	1
	E
	0.634672
	0.711964
	  increase

	26
	0.17978067
	N
	0.5180723
	N
	
	
	

	27
	0.53335032
	N
	0.623773
	N
	
	
	

	28
	0.34246575
	N
	1
	E
	0.821028
	1
	  increase

	29
	0.24029191
	N
	0.5834862
	N
	
	
	

	30
	0.56074766
	N
	0.5642738
	N
	
	
	

	31
	0.8143142
	N
	0.8252288
	N
	
	
	

	32
	0.40288626
	N
	0.5129658
	N
	
	
	

	33
	0.59072769
	N
	1
	E
	0.988115
	1
	  increase

	34
	0.7642876
	N
	0.8560073
	N
	
	
	

	35
	0.79584256
	N
	1
	E
	-7.07E+15
	-0.12392
	  decrease

	36
	0.95890411
	N
	1
	E
	-7.07E+15
	-0.04478
	  decrease

	37
	0.58708415
	N
	0.7142857
	N
	
	
	

	38
	1
	E
	1
	E
	-14.25373
	1
	  const

	39
	0.84920845
	N
	1
	E
	-1.307692
	-0.53374
	  decrease

	40
	0.67936676
	N
	0.7066505
	N
	
	
	

	41
	1
	E
	1
	E
	-0.613636
	1
	  const

	42
	0.62755007
	N
	1
	E
	0.909013
	1
	  increase

	43
	0.58642161
	N
	1
	F
	
	
	


Note: (* = Optimal efficiency score, UB = Upper Bound, LB = Lower Bound

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	








    Fig. Location   Figure 1. DMUs in classes E, E’, F and N, relative to the efficient frontier


                       projected on to (X1,X2) plane. 








     DMUs 1, 2 and 3 belong to class E





    DMUs 6 and 7 belong to class E’





    DMUs 4 and 8 belong to class F





    DMU 5 belongs to class N





























DMU 1





DMU 6





DMU 2





DMU  3





DMU 5











X1





DMU 8





DMU 7





Efficient Frontier

































































X2





          	       		 	         		    





DMU 4











2

_966758918.unknown

_1041064367.unknown

_990430059.unknown

_966758913.unknown

