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Abstract

The objective of this paper is to measure household Allocative Effeciency (AE) and Cost Effeciency
(CE) of two types of productive land area — non-flooded and flooded areas — located in The Cho Moi
and Tri Ton Districts within the An Giang Province. Non-flooded areas are located within irrigated
boundary systems and flooded areas are located outside these systems. Conclusions from the
findings are made more valuable with comparisions of the allocative and cost efficiencies between the
crop rotation patterns and the continuous rice pattern. The Data Envelopment Analysis (DEA)
approach has been applied to cross-sectional data obtained for the 2005 agricultural year in order to
estimate household allocation and cost efficiency. The empirical results indicate that farmers using the
crop rotation pattern are more efficient than farmers who use the continuous rice pattern in terms of

allocation and cost efficiency in both the non-flooded and flooded areas.

Keywords: allocative efficiency, cost efficiency, continuous rice pattern, crop rotation pattern, data

envelopment analysis, DEA.



1. Introduction

Vietnam is an agricultural country with approximately 80% of the population living in rural areas and
more than 74% of the work force is employed in agricultural sectors. Agricultural products dominate
both exports and home consumption with rice accounting for 70% of the total caloric intake (IRRI,

1993). Agricultural products also contribute significantly to the growth rate of Vietnam’s economy.

The Mekong Delta region3 (MD), located in south Vietnam, has an area of 4 million hectares and
accounts for approximately 12% of the total land area. The region contributes around 55 to 60% of the
national agricultural production and 65% of the exported agricultural products. This includes 60% of

the national total rice production and 65% of the rice exports (Statistical Yearbook, 2005).

In response to the agricultural development and the farmers’ income improvement policies from the
central government and the Ministry of Agriculture and Rural Development in relation to agricultrual
development and farmer’s income improvement, local authorities have issued policies to (1) shift the
structures of farming systems such as applying the crop rotations patterns instead of three rice crops
and (2) build up anti-flood irrigated boundary systems that may assist production during the flood-

season.

In recent years, farmers in the Mekong Delta have wanted to shift from a continuous rice pattern4 toa
crop rotation pattern5 in order to increase profit as it has been found in general farmers have low

productivity levels and consequently lower incomes (Quan Minh Nhut, 2007).

There are several reasons behind these low productivity levels. Firstly, farmers tend to work on a
small-scale basis using traditional technology and extension services which are inadequately funded.
There is also a shortage and poor distribution of agricultural inputs. Secondly, low levels of technical
and allocative effeciency coupled with a lack of knowledge in relation to the cultivation shift from
traditional rice crops (continuous rice pattern) toward the crop rotation pattern which farmers have
tendentiously wanted to apply in recent years. The final reason is associated with the effects of flood

during the September through December period.

The regions of interest are the Tri Ton and Cho Moi districts of An Giang province in the MD region.
These districts are considered as the provincial leaders in the transition from traditional rice crops to
crop rotation patterns (Statistical year book, 2005). However, the transition has not been

straightforward with many difficulties faced by farmers.

Tri Ton is one district that is widely effected by floods which makes the agricultural production activities
of farmers difficult. In order to reduce these difficulties, the government has recently issued regulations

and policies in relation to the construction of anti-flood irrigated boundaries in the area — which is

® Mekong Delta region is located in the South and consists of 13 provinces: Long An, Ben Tre, Tien Giang, Vinh
Long, Dong Thap, Tra Vinh, Can Tho, Soc Trang, An Giang, Kien Giang, Bac Lieu, Hau Giang, and Ca Mau
province.

* The continuous rice pattern consists of a mono-culture with three rice crops per year.



definitely needed. However, in order to verify the impact of the anti-flood boundary systems, the
efficiency of farmers in terms of allocation and cost efficiency in the flooded and non-flooded areas is

measured.

Essentially, there is not only the transition of farmers from traditional rice crops to the crop rotation
pattern but also the consideration of the construction of anti-flood irrigated boundaries by local
authorities. Consequently, in addition to measuring technical and scale efficiencies (Quan Minh Nhut,
2006), an efficiency analysis of the allocative and cost efficiencies of continuous rice patterns and

crop rotation patterns in both flooded and non-flooded areas is warranted.

2. Data description

The collected data include characteristics of the continuous rice pattern and the crop rotation pattern
in terms of area, yield and quantity and price of the production factors; social economic conditions;
maps of soil and land use; the current situation and the short and long term plans of the agricultural

production and development.

The heads of household were personally interviewed by trained junior staff members of the School of
Economics and Business Administration of Can Tho University (SEBA) under the supervision of the

researcher.

Prior to the data collection, the permission to conduct the interviews in the sample villages was
secured from the municipal and local executives. Such permissions were necessary in order to

establish relationships and gain the cooporation of the respondents.

The household surveys were taken from two farmer groups corresponding to the two selected farming
patterns — the continuous rice pattern and the crop rotation pattern. These surveys were carried out in

the Tri Ton and Cho Moi districts within the An Giang Province.

As it is impossible to study the complete population of farming households, samples of representative
farmers were taken from each of the two selected districts. A random sampling method was used to
select the two groups of farmers. Within these two groups, there was a representation of 60 farmers
who followed the continuous rice pattern and 60 who applied the crop rotation pattern in the 2005

agricultural year.

In order to avoid any bias in the analysis, households were only selected if they used the same
agricultural land areas in their production of crops throughout the year. This was consistent for both

continuous rice and crop rotation patterns.

® The crop rotation pattern consists of two rice crops and one cash crop or, two cash crops and one rice crop per
year.



The following table depicts the data used in the measurement of allocative efficiency and cost effi-

ciency:
Table 1: Summary of Statistics of the Variables for Farmers in Cho Moi
and Tri Ton District, An Giang Province, Vietnam.
Cho Moi Tri Ton
(Within boundary/ non-  (Outside boundary/
Variables flooded area) flooded area)
Mean Sta’.‘d‘?‘fd Mean Staf_‘d?‘fd
deviation deviation
Continuous rice pattern
Outputs
Rice crop of Winter-Spring (Kg/ha) 7.757,0 1.181,9 6.785,7 1.229,4
Rice crop of Summer-Autumn (Kg/ha) 6.155,2 952,14 5.397,5 1.149,2
Rice crop of Autumn-Winter (Kg/ha) 5.951,3 936,2
Inputs
Land (Ha) 1,3 1,1 23 1,9
Labor (Hours/ha) 779,4 383,0 543,0 200,9
Machine (Hours/ha) 24 .4 13,5 18,8 14 1
Seeds (Kg/ha) 768,3 230,8 4531 112,3
Fertilizer (Kg/ha) 1.581,6 5245 968,1 347,0
Pesticide (Litters/ha) 66,2 26,7 37,8 9,5
Fuel for Irrigation (Litters/ha) 14,0 19,0 4.5 5,0
Crop rotation pattern
Outputs
Rice crop of Winter-Spring (Kg/ha) 7.744.5 887,8 6.224,8 2.274,2
Soybean/ Peanut crop of Summer-Autumn (Kg/ha) 2.876,7 861,3 5.846,4 1.336,8
Rice crop of Autumn-Winter (Kg/ha) 5.985,1 913,6
Inputs
Land (Ha) 1.1 0,8 1,4 1,7
Labor (Hours/ha) 803,2 322,8 699,9 153,3
Machine (Hours/ha) 20,4 10,7 11,8 8,0
Seeds (Kg/ha) 608,0 129,4 4144 134,8
Fertilizer (Kg/ha) 1.496,3 401,2 669,8 184,4
Pesticide (Litters/ha) 70,1 22,4 30,5 11,7
Fuel for Irrigation (Litters/ha) 11,7 6,0 1,4 3,5
3. Method

a) Measurement of Allocative Efficiency (AE) and Cost Efficiency (CE) using the Data
Envelopment Analysis (DEA) Method

The data envelopment analysis (DEA) is an alternative approach to frontier estimation. This method
uses non-mathematical programming instead of an econometric method®. DEA models were first

developed by Charnes, Cooper, and Rhodes (1978).

In recent decades, many studies have decomposed the technical efficiency (TE) scores obtained from

a Constant Return to Scale (CRS) DEA into two components — one due to scale inefficiency and one




due to “pure” technical inefficiency. A scale efficiency (SE) measure can be used to indicate the
increase in productivity caused by moving to the technically optimal production scale (TOPS)'. In
addition to calculating these two efficiencies, the researcher has also considered the Allocative

Efficiency (AE) and the Cost Efficiency (CE) in the measurement of the efficiency of production.

The results of the AE measurement with respect to the cost minimizing input factors can be used to
calculate the optimal input resources by which the households can reduce their production input costs

— at given levels of input and output prices — without any reduction in output levels (Tim Coelli, 2005).

b) The model used to measure Allocative Efficiency (AE) and Cost Efficiency (CE)

Following Tim Coelli (2005), AE and CE can be measured using the Constant Returns to Scale Input-
Oriented DEA Model (CRS-DEA Model8). In this paper, a multi-input/multi-output DEA model will be
used.

Consider the situation with N decision-making units (DMU). Each of the n DMUs produce S outputs
using M different inputs. A linear programming problem is solved for each DMU.
The CRS Input-Oriented DEA Model for the i-th DMU is given by®:

Miny, - Wi X;

Subiject to:

N
Zl:/iixji -X; <0,j

N
zﬂiyki — ¥ 20,k (1)

i=1
NI'A4 =1
/1i >0,Vi

where: w; = vector of unit price of inputs utilized by DMUi,

x; = vector of input quantities of DMUi with respect to production cost minimization, these

results are caculated from Model (1)

i =1toN,
k =1to S,
j =1toM,

y«i = amount of output k produced by DMUi,
Xj =amount of input j utilized by DMUi,
N1 = an Nx1 vector of ones,

Ai = dual variables.

6 See Tim Coelli, 2005.
7 See Tim Coelli, 2005.
& See Tim Coelli, 2005.
® See Tim Coelli, 2005.



Problem (1) can be solved by using a number of different computer programs. For simplicity, in this

paper we have used DEAP'® Version 2.1 for the measurement of both AE and CE.

4, Findings and discussion

4.1 Allocation and Cost Efficiency measurement using the Data Envelopment Analysis (DEA)
Method

4.1.1  Data for the calculation of Allocation and Cost Efficiency with DEA using the DEAP Computer

Program

To measure the Allocation and Cost Efficiency of the households in the continuous rice and crop
rotation pattern in both non-flooded (Cho Moi district) and flooded areas (Tri Ton district) two separate

data sets were collected.

In the non-flooded production areas in the Cho Moi district, a set of survey data from 55 farm
households using continuous rice patterns and 46 households using the crop rotation patterns was
used'". Similarly in the flooded production areas in the Tro Ton district the data set included data from
53 farm households using continuous rice patterns and 44 households using the crop rotation

patterns'?.

The variables output quantities, input quantities and prices — used in the Constant Returns to Scale
Input-Orientated DEA Model (1) to calculate the AE and CE with DEA using DEAP Version 2.1 — are

depicted as follows:

"% See “A Guide to DEAP Version 2.1: A Data Envelopment Analysis (Computer) Program”, Coelli T. J. (8/96).
The survey initially consists of 60 households for each of the two production patterns in Cho Moi, however, due

to missing information in some questionnaires, the results of 55 and 46 households who followed continuous rice

and crop rotation pattern, respectively, are used in this paper.

12 Similarly, the survey initially consists of 60 households for each of two production patterns in Tri Ton district,

however, due to missing information in some questionnaires, the results of 53 and 44 households who followed

continuous rice and crop rotation pattern, respectively, are used in this paper.



Table 2: The Input and Output Variables used in DEA Model

Cho Moi Tri Ton™
Variables (Within boundary/  (Outside bound-
non-flooded area) ary/ flooded area)
Outputs
Rice output of Winter-Spring crop (kg) Y1 V1
Soybean/ Peanut output of Summer-Autumn crop (kg) Yo Yo
Rice output of Autumn-Winter crop (kg) V3
Inputs
Total area devoted in production (ha) X4 X1
Labor used in production (hours) Xo Xo
Machine used in production (hours) X3 X3
Seed used in production (kg) Xq X4
Fertilizer used in rice production (kg) Xs Xs
Pesticide used in production (litters) X5 X5
Fuel used in irrigation operation (litters) X7 X7
Input prices
Hired land (1,000 VND/ha) Wy Wy
Labor (1,000 VND/hour) W, Wo
Hired machine (1,000 VND/hour) W3 w3
Seed (1,000 VND/kg) Wy Wy
Fertilizer (1,000 VND/kg) Ws Ws
Pesticide (1,000 VND/litter) We We
Fuel (1,000 VND/litter) Wy Wy

A linear programming problem must be solved for each farm household in the non-flooded production
areas (Cho Moi district). Thus, the CRS input-oriented DEA model for the household p is used.

In the case of the Cho Moi district, there is data on the 3 outputs and 7 inputs (see Table 2) of 55

households that followed the continuous rice pattern (three rice crops), Model (1) is written as follows:

Min
(W11X 11+ WX g2+ WepX o+, + WissX*155)
(W21X*21F WopX 2p +...+ WopX op+...+ WossX 255)
(W71X*71F WX 72 +...+ WypX 7p+...+ Wys5X 755)
Subiject to:

(kllxn + )\,12X12 +...+ klpxlp +...+ 7\,155X155) - 9X1p <0
(A21Xa1 + ApoXop +...F hopXop +...% AossXoss) - OXpp < 0

'3 Tri Ton is located in flooded areas so there are only two crops cultivated in a year.
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(Maya1 * MYz +.F AapYip +...F AassYiss) - Yip > 0
(A21Ya1 * RaoYaz *...+ AapYap +...% AossYass) - Yop > 0

(Ma1Ya1 * AaoYaz *...+ AgpYsp +...% AsssYsss) - Yap > 0

N1,(7\,1, )Lz,..., 7\,p,..., )L55) =1
(7\.1, 7\,2,..., )Lp,..., 7\,55) >0

The CRS input-oriented DEA model (2) above can be solved by using a number of different computer
programs. For simplicity, in this paper we have used DEAP' Version 2.1 to measure the Allocation

and Cost Efficiency.

In the case of the crop rotation pattern (two rice crops and one soybean crop) in the Cho Moi district —
there is data on the 3 outputs and 7 inputs (see Table 2) of 46 households — the model used to

measure the AE and CE is the same as in Model (2).

Similarly for the cases of the continuous rice pattern (two rice crops) and the crop rotation pattern (one
rice crop and one peanut crop) in the Tri Ton district, the models used are the same as Model (2)
except using data on two outputs instead of three. This corresponds to the two crops which are

cultivated in the flooded areas.

412  Empirical results

4.1.2.1 Allocative Efficiency (AE)

a) For the non-flooded areas (located within irrigated boundary systems)

The estimated means of the allocative efficiency scores for the two selected farming patterns are
portrayed in Table 3. These scores are 0.824 for the continuous rice pattern and 0.837 for the crop
rotation pattern. The results indicate that even when there is an efficient resource allocation in both
farming patterns, the farmers with a crop rotation pattern are, on average, more efficient in using the
production input resources than the farmers with continuous rice pattern. The main reason for this is
that the farmers with a crop rotation pattern are more experienced and have more production
knowledge. This is achieved through training courses which are organized by centers of agricultural

extension.

Moreover, the allocative efficiency scores of households with a crop rotation pattern tended to be
clustered around the value 1. This is illustrated by the range and the standard deviation of the
allocative efficiencies of both selected farming patterns. The range and the standard deviation of the
allocative efficiency scores of the crop rotation households are smaller than that of the continuous rice
households (the values of the range and standard deviation are 0.691-1.000 and 0.08 for crop rotation

and 0.637-1.000 and 0.10 for continuous rice pattern respectively).

* See “A Guide to DEAP Version 2.1: A Data Envelopment Analysis (Computer) Program”, Coelli T. J. (8/96).
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Figure 1 and Figure 2 demonstrate the allocative efficiency distributions of the households who
followed the continuous rice pattern and the crop rotation pattern in the non-flooded areas (Cho Moi
district).

Figure 1: Allocative efficiency distribution of the Households

with the continuous rice pattern

Number of Households

Std. Dev = .10
Mean = .824
N =55.00

625 650 675 .700 725 750 775 .800 825 .850 875 .900 925 .950 975 1.000

Allocative Efficiency Scores

Figure 2: Allocative efficiency distribution of the Households

with the crop rotation pattern

Number of Households
u|

Std. Dev = .08
Mean = .837
N =46.00

.800 825 -850 875

Allocative Efficiency Scores

b) For the flooded area (located outside irrigated boundary systems)

The estimated means of the allocative efficiency scores for the two selected farming patterns in the
flooded areas are given in Table 3. These scores are 0.795 for continuous rice pattern and 0.800 for
the crop rotation pattern. These results indicate that even when efficiency of resource allocation is
present in both farming patterns, the farmers with crop rotation pattern are, on average, more efficient
in using the production input resources than the farmers with a continuous rice pattern. These results
are consistent with the fact that the farmers with a crop rotation pattern are helped by local authorities

through the regular training in new advancements in production.
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Most of the allocative efficiency scores of the households with a crop rotation pattern are close to 1.
This is illustrated by the range of the allocative efficiency scores of both selected farming patterns. The
range of the allocative efficiency scores for the crop rotation households is smaller than that of the
continuous rice households (The range is 0.531-1.000 and 0.516-1.000 for crop rotation and
continuous rice patterns respectively). The allocative efficiency distributions of the households with the
continuous rice pattern and the crop rotation pattern are also shown in Figure 3 and Figure 4,

respectively.

Figure 3: Allocative Efficiency distribution of the Households

with the continuous rice pattern in flooded area

Number of Households

Std. Dev = .11
Mean =.795
N =53.00
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Figure 4: Allocative Efficiency distribution of the Households

with the crop rotation pattern in flooded area

Number of Households

Std. Dev =11
Mean = .800
N =44.00

700 750 .800
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From the above results, we can conclude that (1) the allocative efficiency scores of the households
with crop rotation patterns are definitely higher than that of the households with continuous rice pat-
terns in both non-flooded and flooded production areas and (2) in the same farming pattern, the
households located in the non-flooded area (within the irrigated boundary) are more efficient in terms
of production input allocation than the households located in the flooded areas (outside the irrigated
boundary).
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4.12.2 Cost Efficiency (CE)

From the results in Table 3, it is recognized that farmers who followed the crop rotation pattern in their
production are more efficient in terms of cost minimizing than farmers with the continuous rice pattern
in both non-flooded and flooded areas. In addition, farmers who are located in non-flooded areas have

higher cost efficiency scores in comparison with farmers who are located in flooded areas.

Table 3: Allocative Efficiency (AE) and Cost Efficiency (CE) of Households by type of
production land (non-flooded and flooded production areas) and production pattern

(continuous rice and crop rotation pattern)

Cho Moi Tri Ton
Items (non-flooded area/ (flooded area/
within boundary) outside boundary)
Continuous rice pattern
Number of Households 55 53
Allocative efficiency
Mean 0.824 0.795
Range 0.637-1.000 0.516-1.000
Standard deviation 0.10 0.110
Cost efficiency
Mean 0.761 0.722
Range 0.476-1.000 0.423-1.000
Standard deviation 0.146 0.148
Crop rotation pattern
Number of Households 46 44
Allocative efficiency
Mean 0.837 0.800
Range 0.691-1.000 0.531-1.000
Standard deviation 0.084 0.109
Cost efficiency
Mean 0.790 0.748
Range 0.613-1.000 0.502-1.000
Standard deviation 0.110 0.129

4.2 Optimal input quantities with respect to cost minimization at given levels of input prices

In agricultural production, measurements of allocative efficiency scores with respect to cost
minimization — using Model (2) — can be used to determine the optimal input quantities by which

households can reduce the costs of production while keeping the output constant.

The results from the statistical software DEAP version 2.1 show that households are able to reduce
costs in their production by using the optimal input quantities at the given levels of input prices. These

input quantities are shown in the second and the fourth column of Table 4:
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Table 4: The optimal input quantities with respect to cost minimization and the observed input

guantities
Cho Moi Tri Ton
(non-flooded area/ (flooded area/
within boundary) outside boundary)
Adjusted .
Inputs input Observed . Adjusted. Observed
: . input quantity .
quantity input calculated by input
calculated by guantity Model (2 quantity
Model (2) odel (2)
Continuous rice pattern
Land (Ha) 1.3 1.3 1.9 23
Labor (Hours/ha) 5211 779.4 616.3 543.0
Machine (Hours/ha) 9.9 24.4 12.3 18.8
Seeds (Kg/ha) 628.0 768.3 467.8 4531
Fertilizer (Kg/ha) 1,277.8 1,581.6 639.9 968.1
Pesticide (Litters/ha) 34.0 6ul2 25.9 37.8
Fuel for Irrigation (Litters/ha) 9.0 14.0 0.0 4.5
Crop rotation pattern
Land (Ha) 0.9 1.1 1.1 1.1
Labor (Hours/ha) 532.1 803.2 610.4 705.4
Machine (Hours/ha) 34.0 20.4 15.5 11.7
Seeds (Kg/ha) 563.1 608.0 333.6 4223
Fertilizer (Kg/ha) 1,120.4 1,496.3 480.4 674.0
Pesticide (Litters/ha) 46.2 70.1 35.7 30.9
Fuel for Irrigation (Litters/ha) 77 117 27 15

5. Conclusion

This study estimates allocation and cost efficiency scores using the Data Envelopment Analysis (DEA)
approach for farmers in the Cho Moi (located in non-flooded areas) and the Tri Ton (located in flooded
areas) districts, An Giang province. These farmers are following either the continuous rice pattern or

the crop rotation pattern.

The empirical results indicate that the households following the crop rotation pattern in both flooded
and non-flooded areas are more efficient in terms of allocation and cost efficiency than the households
following the continuous rice pattern (allocative efficiency scores are 0.790 and 0.748 for crop rotation
patterns and 0.761 and 0.722 for continuous rice patterns for farmers located in non-flooded and in
flooded areas, respectively). In addition, the mean allocation and cost efficiency of households in non-

flooded areas are both higher than those of households in flooded areas.

These results make an important contribution to the evaluation of efficiency with respect to the
allocation and cost efficiency between the two selected farming patterns in both non-flooded and

flooded areas.
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Policy implications from such information are that the local authorities should follow up the policies as
mentioned in part 1, that is:
- to encourage farmers to shift from the continuous rice pattern to the crop rotation system
- to build anti-flood irrigated boundary systems. In addition, they should encourage the
agriculture departments and extension centers to offer more and more valuable technical

training courses to help farmers use more efficient production methods
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APPENDIX 1: The Estimations of the Households’ Technical, Allocative and Cost Efficiencies in Cho Moi district (non flooded areas), An Giang province.

Continuous rice pattern Crop rotation pattern
HH Te(.:h.nical Allpqative Qqst HH Tet;h_nical Allgqative _C(_)st
Efficiency Efficiency Efficiency Efficiency Efficiency Efficiency
1 0.914 0.705 0.644 | 1 0.784 0.814 0.638
2 0.786 0.726 0.571 | 2 0.925 0.818 0.757
3 0.747 0.637 0476 | 3 0.959 0.788 0.756
4 0.826 0.838 0.692 | 4 1.000 0.946 0.946
5 0.751 0.728 0.546 | 5 1.000 0.777 0.777
6 1.000 0.658 0.658 | 6 0.722 0.877 0.634
7 0.883 0.835 0.738 | 7 1.000 0.701 0.701
8 1.000 0.827 0.827 | 8 1.000 1.000 1.000
9 0.673 0.854 0.574 | 9 1.000 0.981 0.981
10 0.923 0.648 0.598 | 10 1.000 0.857 0.857
11 1.000 0.924 0.924 | 11 0.927 0.834 0.774
12 1.000 1.000 1.000 | 12 1.000 0.794 0.794
13 1.000 1.000 1.000 | 13 1.000 0.833 0.833
14 1.000 0.925 0.925 | 14 0.884 0.828 0.732
15 1.000 0.954 0.954 | 15 1.000 0.773 0.773
16 1.000 0.935 0.935 | 16 0.877 0.856 0.750
17 1.000 0.653 0.653 | 17 0.864 0.735 0.634
18 0.841 0.666 0.560 | 18 0.853 0.802 0.684
19 0.724 0.763 0.553 | 19 0.803 0.764 0.613
20 0.892 0.769 0.686 | 20 1.000 1.000 1.000
21 0.857 0.721 0.618 | 21 1.000 0.868 0.868
22 0.852 0.706 0.601 | 22 0.942 0.729 0.687
23 0.755 0.728 0.549 | 23 1.000 0.872 0.872
24 1.000 0.965 0.965 | 24 1.000 0.886 0.886
25 0.829 0.869 0.720 | 25 1.000 0.865 0.865
26 0.638 0.800 0.510 | 26 1.000 0.809 0.809
27 1.000 0.835 0.835 | 27 1.000 0.733 0.733
28 1.000 0.991 0.991 | 28 0.860 0.792 0.681
29 1.000 0.983 0.983 | 29 0.871 0.748 0.652
30 1.000 0.772 0.772 | 30 0.978 0.783 0.766
31 1.000 0.977 0.977 | 31 0.764 0.925 0.706
32 0.973 0.693 0.675 | 32 0.834 0.842 0.702

17
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Continuous rice pattern

Crop rotation pattern

HH Technical Allocative Cost HH Technical Allocative Cost
Efficiency Efficiency Efficiency Efficiency Efficiency Efficiency
33 1.000 0.869 0.869 | 33 1.000 1.000 1.000
34 0.946 0.694 0.656 | 34 0.955 0.825 0.788
35 1.000 0.845 0.845 | 35 1.000 0.765 0.765
36 1.000 0.820 0.820 | 36 1.000 0.691 0.691
37 0.911 0.834 0.760 | 37 0.808 0.938 0.758
38 1.000 0.872 0.872 | 38 1.000 0.811 0.811
39 0.913 0.871 0.796 | 39 1.000 0.788 0.788
40 0.965 0.779 0.751 | 40 0.962 0.786 0.757
41 1.000 0.799 0.799 | 41 0.843 0.816 0.688
42 0.848 0.725 0.615 | 42 0.967 0.824 0.797
43 0.776 0.835 0.648 | 43 1.000 0.743 0.743
44 0.744 0.805 0.598 | 44 1.000 1.000 1.000
45 0.830 0.797 0.662 | 45 1.000 1.000 1.000
46 1.000 0.852 0.852 | 46 1.000 0.879 0.879
47 1.000 0.856 0.856 | -
48 1.000 0.777 0.777 | -
49 1.000 0.836 0.836 | -
50 1.000 0.925 0.925 | -
51 1.000 0.900 0.900 | -
52 1.000 0.786 0.786 | -
53 0.902 0.942 0.850 | -
54 0.933 0.877 0.818 | -
55 0.897 0.922 0.827 | -
Mean 0.919 0.824 0.761 | Mean 0.943 0.837 0.790
Range 0.638-1.000 0.637-1.000 0.476-1.000 | Range 0.722-1.000 | 0.691-1.000 0.613-1.000
S. Dev. 0.102 0.100 0.146 | S. Dev. 0.080 0.084 0.110




APPENDIX 2: The Estimations of the Households’ Technical, Allocative and Cost Efficiencies in Tri Ton district (flooded areas), An Giang province.

Continuous rice pattern Crop rotation pattern
HH Technical Allocative Cost HH Technical Allocative Cost
Efficiency Efficiency Efficiency Efficiency Efficiency Efficiency
1 1.000 0.806 0.806 | 1 0.684 0.777 0.531
2 0.564 0.801 0451 |2 1.000 0.628 0.628
3 0.667 0.802 0534 | 3 0.865 0.794 0.688
4 0.911 0.719 0.655 | 4 0.843 0.884 0.745
5 1.000 0.625 0.625 | 5 0.795 0.818 0.651
6 1.000 0.831 0.831 |6 1.000 0.877 0.877
7 1.000 0.987 0.987 | 7 0.953 0.748 0.712
8 1.000 0.881 0.881 | 8 0.862 0.870 0.750
9 1.000 0.747 0.747 | 9 1.000 0.947 0.947
10 1.000 0.969 0.969 | 10 0.833 0.820 0.683
11 0.930 0.808 0.752 | 11 1.000 0.950 0.950
12 0.831 0.946 0.786 | 12 0.844 0.821 0.693
13 0.943 0.738 0.695 | 13 0.800 0.841 0.673
14 0.889 0.516 0.459 | 14 1.000 0.793 0.793
15 1.000 0.651 0.651 | 15 1.000 0.747 0.747
16 1.000 0.961 0.961 | 16 0.958 0.774 0.742
17 0.938 0.853 0.800 | 17 1.000 0.872 0.872
18 0.972 0.662 0.644 | 18 1.000 0.736 0.736
19 0.667 0.858 0.572 | 19 1.000 0.624 0.624
20 1.000 0.753 0.753 | 20 0.852 0.764 0.651
21 1.000 0.560 0.560 | 21 0.833 0.836 0.697
22 0.909 0.854 0.776 | 22 0.920 0.705 0.648
23 0.836 0.749 0.626 | 23 1.000 0.861 0.861
24 0.877 0.840 0.736 | 24 1.000 1.000 1.000
25 1.000 0.734 0.734 | 25 0.981 0.762 0.747
26 1.000 1.000 1.000 | 26 1.000 0.727 0.727
27 0.841 0.633 0.533 | 27 1.000 0.641 0.641
28 0.657 0.837 0.550 | 28 1.000 0.663 0.663
29 0.944 0.779 0.735 | 29 0.875 0.702 0.614
30 1.000 0.735 0.735 | 30 0.910 0.883 0.803

19



20

Continuous rice pattern

Crop rotation pattern

HH Technical Allocative Cost HH Technical Allocative Cost
Efficiency Efficiency Efficiency Efficiency Efficiency Efficiency
31 0.701 0.604 0.423 | 31 1.000 0.811 0.811
32 0.849 0.703 0.597 | 32 1.000 0.676 0.676
33 0.976 0.929 0.906 | 33 0.792 0.634 0.502
34 0.787 0.699 0.550 | 34 0.850 0.908 0.771
35 0.988 0.845 0.835 | 35 1.000 1.000 1.000
36 0.777 0.811 0.630 | 36 0.800 0.703 0.562
37 1.000 0.738 0.738 | 37 0.941 0.739 0.696
38 0.715 0.717 0.512 | 38 1.000 0.903 0.903
39 0.693 0.835 0.579 | 39 1.000 0.531 0.531
40 0.675 0.810 0.547 | 40 1.000 0.802 0.802
41 1.000 0.645 0.645 | 41 1.000 0.905 0.905
42 1.000 0.809 0.809 | 42 1.000 0.889 0.889
43 1.000 0.862 0.862 | 43 0.948 0.813 0.770
44 1.000 0.870 0.870 | 44 1.000 1.000 1.000
45 0.920 0.721 0.663 | -
46 1.000 0.871 0.871 | -
47 1.000 1.000 1.000 | -
48 0.902 0.752 0.679 | -
49 1.000 0.873 0.873 | -
50 0.979 0.801 0.784 | -
51 0.953 0.871 0.830 | -
52 0.916 0.821 0.752 | -
53 0.870 0.896 0.780 | -
Mean 0.907 0.795 0.722 | Mean 0.935 0.800 0.748
Range 0.564-1.000 0.516-1.000 0.423-1.000 | Range 0.684-1.000 | 0.531-1.000 0.502-1.000
S. Dev. 0.120 0.110 0.148 | S. Dev. 0.084 0.109 0.129




