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THREE ESSAYS ON ECONOMICS OF WATER RESOURCES MANAGEMENT IN
NEPAL

Krishna Lal Poudel
Dr. Thomas G. Johnson, Dissertation Supervisor

ABSTRACT

First essay consists of two steps. First, Technical Efficiency (TE) index is estimated for
upriver and downriver ecoregions employing DEA technique. In the second stage, we censored
the TE index and run the Tobit regression model to assess the socio-economic factors responsible
for explaining technical efficiency of smallholder farming practices. The median technical
efficiency values were 0.606 and 0.756 in upriver and downriver respectively. Tobit model
indicates lower productivity of small scale farming units are due to inadequate water availability,
lack of reliable inputs and poor market services. Access to farm credit and electricity are
significant and positive factors explaining technical efficiency in both regions. The second essay
examines the on-going consequences of climate change on water resources availability and how
adaptation practices and strategies have developed in agricultural practices. Results indicate
increasing temperatures, prolonged drought followed by intense precipitation, and greater
frequency of flooding than in the past. About two-thirds of small creeks and springs have
disappeared and others will soon disappear if current trends continue. Respondents prefer
collective water management. Logistic regression analysis shows that farm income, market
access, access to extension services, and market distance are significant predictors of adaptive
behavior. Essay-3 deals the conveyance, economic and agronomic efficiency of water used, and
factors affecting aggregate water use efficiency in the study regions. Farmers in the Mountain
region were found relatively more effective at reducing water loss than farmers in the Hill and
Terai regions. Water use efficiency scores regressed on farm related socio-economic variables
shows that farm size, distance to water source, government agricultural extension services and
access to credit positively affect water use efficiency in all regions.

xi

INTRODUCTION
South Asia currently faces challenges accessing sufficient water for agriculture to
feed its burgeoning population (FAO, 2012). Water demand is growing even as the
supply is limited and uncertain. Climate change is exacerbating the problem. The IPCC
(2007a) projects that for every 1°C rise in temperature, agricultural water demand
increases by 6 to 10% or more. It is expected to cause a 4-10 % cereal production
decrement in South Asian countries by the end of this century. ICIMOD studies find that
warming in the greater Himalayas has been much greater than the global average which
would further stress the agricultural water management (Eriksson et al., 2009).

This growing water shortage will have numerous follow-on impacts. Water
shortages will ultimately create food insecurity and lower living standards especially for
the most vulnerable members of society. Other consequences of the nexus of wateragriculture-climate change are the spatial consequences. There is a high degree of
dependency of downstream communities on upstream ecosystem services for quality
water especially during the dry-season (Rasul, 2014).

About 0.99 million of the 2.97 million hectares of total cultivable land in Nepal is
cultivated. The average land holding of 75% of the population is less than a hectare
(CBS, 2007). Small scale subsistence farms generally lack sufficient irrigation facilities.
Only 24% of arable land is irrigated. Nearly 85% of rainfall occurs during the monsoon
period of June to September. During the rest of the year, severe water shortages are
1

experienced by agriculture, households and hydropower plants. Because the country lies
in the monsoon zone, major staple crops are cultivated during this season.

There is a wide variation in temperature and precipitation among the different
ecological regions. The Mountain region receives less precipitation than the Hill and
Terai regions. Lowland agriculture receives irrigation from the Himalayan glacier system
which is expected to suffer from lack of dry season water. The estimated glacial melt
water contribution is, for example, 20% to 40% in rivers in Western China (Tao et al.,
2005), equal to or greater than 50% in the Indus (Tarar, 1982), and 30% in the Nepalese
river during the pre‐monsoon season (Sharma, 1993).

Welfare economics demonstrates how accurate information about the risks
associated with phenomena such as weather and climate have important implications for
the utility derived from consumption and for the net income earned by producers. If
consumers and producers do not have accurate information, they are unable to choose
strategies that increase consumer utility and producer quasirent (Just et al., 2004).

This research aims to better understand the major crop production in the Koshi
river basin and compare farming system efficiency from both inputs (farm size, water,
labor and capital) and output management aspects. The efficiency of input use is
indicated by technical efficiency (TE) while the efficiency of output management is
indicated by allocative efficiency (AE). Comparing efficiency and productivity of farms
in upriver and downriver ecoregions will inform decision makers regarding their adoption
2

of feasible agronomic and economic strategies. Farmers in the regions are already
experiencing the impacts of climate change on water resources and traditional farming
practices. However, farmers are also adopting various adaptation strategies to some
extent. This dissertation identifies these adaptation practices and assesses how would they
change the local economies.

Scarce water resources must be allocated between various competitive uses.
Agriculture is one of the essential water uses. Water resource management efficiency
from its source to the farm land is an important determinant of the economic return per
unit of available water in the region. This study is intended to support policy actions to
develop more economically and environmentally sound mountain farming systems, and
to improve the living standards of mountain populations and populations living
downstream - now, and in the future. A major output of the current research is a model
for studying water management to enhance sustainable strategies for Nepalese farmers.

STUDY SITE, SAMPLING AND DATA

Koshi, the largest glacier-fed river of Nepal passes through the Mountain, Hill and
Terai regions and ultimately confluences with the Ganges river in India. The Koshi River
basin was chosen for this study. The Koshi River is 720 km long and drains a 61,000 km2
basin (Erickson et al. 2009; WESC, 2011). The high-Hill and Mountain sections of the
basin were considered the upriver (upstream) ecoregion while the lower-Hill and Terai
region is defined as the downriver (downstream) ecoregion. Physiographic characteristics
3

of the upriver and downriver regions and three ecological regions of the Koshi river basin
are presented in Table 1 and 2 respectively. Study regions are shown in figure 1.
Notations and definitions of the variables relevant to the study are illustrated in Table 3.

Table 1. Climate characteristics of upriver and downriver regions
River basin

Altitude

bands

(msl)

Climate

Average

Mean annual

annual

temperature

precipitation
Upriver

791-4775

Cool/artic/alpine

150mm‐ 2300mm

<3°C‐17°C

Downriver

178-790

Tropical/subtropical

1100mm‐3000mm

20°C‐45°C

Source: Adapted and modiﬁed from WECS (2011).

Table 2. Climate characteristic in three ecological belts of Nepal
Ecological
belt

Percent of
total land
area

Geology and soil

Average
annual
precipitation

Mean annual
temperature

Mountain

35

Limestone and shale, stony soils

Snow/150mm‐
200mm

<3°C‐10°C

Hill

42

Sandstone, siltstone, steep slopes,
course textured soils, coniferous forest

275mm‐
2300mm

10°C‐20°C

Terai

23

Gentle slope and recently deposited
alluvium, ﬁne textured soils, highly
fertile land

1100mm‐
3000mm

20°C‐25°C

Source: Adapted and modiﬁed from: Agrawal et al. (2003); Manandhar et al. (2011)
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Fig. 2 Ecological zones and study sites of Nepal. Study areas:
Source: adapted from http://www1.american.edu/ted/ICE/terai.html
A face to face survey of randomly selected 450 households of three ecological
regions of the Koshi river basin of Nepal—Mountain, Hill and the Terai regions was
carried out during April- November, 2015. The survey employed a pre-tested semistructured questionnaire. In addition to survey, participatory approaches were deployed
to explore the various facets of the study objectives. Some participatory tools1 used were

1

These participatory tools help in preparing case studies as well. Case studies are generally deemed to lack

rigor and objectivity as compared to other social science research such as survey research methods. A case study could
be advantageous if extra care is given to articulate research design. Rowley (2002) argued the case studies are widely
used because of the insight they offer that might not be achieved with other approaches. Case studies are particularly
applicable to novice research fields or research areas where existing theory seems inadequate (Eisenhardt, 1989). Case
studies enable the researcher to understand in more detail the issues that answer the how and why questions. Yin

5

Focus Group Discussion (FGD) and Key Informant Survey (KIS) during the period of
field study. Several telephone and email contacts were also made to verify some
information and receive new data as well. The broader goal of the survey was to examine
the on-going consequences of climate change on water resource availability and its
allocation in upriver-down river regions, adaptation strategies and thereby achieved water
use efficiency of the farming practices. Study area was organized into two regions:
upriver and downriver for farming system efficiency analysis in essay-1 while essay-2
and essay-3 were written on the data collected from three ecological regions. Secondary
data from various sources were also used where it was needed.

(1994) writes “A how or why question is being asked about a contemporary set of events over which the investigator
has little or no control”.

6

Table 3. Variables definition and measurement
Variables
Unit
Definitions (…for farm j)
Age
Year
Age of household head who manage farming
activities
Gender
1,0
1 if the farm manager is male, 0 otherwise
Literacy
1,0
1 if the household head is illiterate, 0 otherwise
Household
No. of
Number of individuals in a family living together
size
person
Residence
1,0
1 if the residence in rural area, 0 otherwise
area
Farm size
Ropani*
Area of the agricultural farming land
Output
Qtl/farm
Quantity of cereal produced
Output price
Rs/Qtl
Market value of farm produces in the prevailing
market
Capital
Rs./Farm
Tillage, pesticide, equipment and irrigation devices
etc.
Labor
Man
Number of labors employed in the farm during the
days/farm
production
Labor cost
Rs/person/d
Cost of using a labor ( 8 hours) in a day in the farming
ay
related activities
Farm income
Rs #
Net revenue obtained from the farming activities in a
(‘000)
year
Market access
1,0
1 if the respondent have access to roads and means of
transportation to carry their marketable products to
the trading centers, 0 otherwise
Extension
1,0
1 if respondent receives regular agricultural extension
services
services from government in the community level, 0
otherwise
Contemplating
1,0
1, if respondent is planning enough to migrate outside
migration
the region/community, 0 otherwise
Credit access
1,0
1 if respondent have easy access to formal financial
institutions to receive loan to agricultural enterprises,
0 otherwise
Market
Km
How far the production farm and/or residence location
distance
is from the agricultural commodity (inputs/outputs)
trading centers
Water cost
Rs
Cost of water (per litter) used in farms and household
Distance Ag
Km
Distance of water sources for agricultural usage
water source
Distance HH
Km
Distance of water sources for household purposes
water source
Water used
Lit/day
Amount water used in crop, livestock and household
Livestock size
No.
Number of livestock ( cattle, goat and pig)
*One Ropani = 511.14291 m2 and 19.65 Ropani= 1 hectare, # Rupees, a Nepalese currency
and Rs1 = $US (1/86). Qtl= 100 kilogram

7

Essay-one estimates the technical, allocative and cost efficiency of farms in the
region. Using these estimates it then explores the factors explaining the technical
efficiency in the farming community. The study region was divided into upriver and
downriver. The sample for each region was 225 responses. Data Envelopment Analysis
technique was used to estimate various types of efficiencies. Tobit regression was applied
to identify the factors affecting technical efficiency (TE) of smallholder farming
practices.

Essay-two examines the on-going consequences of climate change on water
resource availability and how adaptation practices and strategies have developed in three
ecological regions. Logistic regression analysis is used to determine how farm income,
market access, access to extension services, desire to emigrate, and distance from the
market relate to adaptive behavior in the region.

Essay-3 examines the conveyance, economic and agronomic efficiency of water
used, and factors affecting aggregate water use efficiency in the study regions. Water use
efficiency scores are regressed on farm related socio-economic variables using two
models—Ordinary Least Square and Tobit regression to determine how farm size,
distance to water source, government agricultural extension services and access to credit
affect water use efficiency.

8

ESSAY 1: Smallholder Farming Efficiency in Upriver-Downriver
Ecoregions of the Koshi River in Nepal
1. Rationale of the Study

In recent decades, anthropogenic endeavors have brought undesirable outcomes
such as forest clearing, unplanned urban center development, loss of productive farm land
due to inundation, degradation of wetland etc. in the major river basin of Nepal. Land use
patterns are changing but with little adherence to scientific considerations. The cropland
area declined by 90 km2 between 1978 and 2010 in the Koshi river basin (Paudel et al.
2016). This may be due to topographic, socioeconomic and/or hydrological changes. This
research aims to better understand the major crop production in the Koshi river basin and
compare farming system efficiency from both inputs (farm size, water, labor and capital)
and output management aspects. The efficiency of input use is indicated by technical
efficiency (TE) while the efficiency of output management is indicated by allocative
efficiency (AE). Comparing efficiency and productivity of farms in upriver and
downriver ecoregions will inform decision makers regarding their adoption of feasible
agronomic and economic strategies.

The most direct way to increase the productivity in small scale farming systems is
to use available resources more efficiently with existing technologies. Bravo-Ureta and
Reiger (1991) explain that efficiency measurement is important because it can lead to
substantial resource savings.

9

Efficiency measures can be estimated using nonparametric or parametric
approaches. Data envelopment analysis (DEA) is a popular nonparametric method. The
nonparametric approach does not impose any parametric restrictions on technology and
there is no need to assume a particular functional form for production relationships,
which makes the process of calculating efficiencies more flexible (Ray, 2004). This study
will produce feasible production planning guidelines considering resource base and prices
in order to identify profit maximizing strategies for small holder farming units in the river
basin.

Water resources are abundant throughout Nepal in the form of snow cover, rivers,
springs, lakes, and groundwater. The total renewable surface water resource (i.e.
excluding ground water) of the country is estimated to be 225 km3/year. A majority of the
big rivers originate in the Himalayan mountains. Most of the mountain areas of Nepal are
covered with snow and produce freshwater for the downstream rivers and wetland. The
mountain region contains about 3,252 glaciers with a total area of 5,323 km2 and about
2,323 glacial lakes with total area of 75.70 km2 (WECS, 2011, Erickson et al. 2009).

The upriver ecoregion contains numerous water bodies such as lakes, ponds,
dams, small wetlands and glacial lakes2. The downriver ecoregion is characterized by

2

Recent report of the National Lakes Conservation Development Committee has
identified total 5,358 lakes in Nepal (including 2323 glacial lakes)
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tributaries, springs, lakes and larger wetlands3. The flow in these rivers is mostly
dependent on monsoon precipitation and their flow level typically declines significantly
during the non-monsoon period. The summer monsoon period is important as about 6085% of annual runoff of all river systems in Nepal occurs during July to September.

2. Literature Review

Development economists (for example, Johnston and Mellor, 1961; Hayami and
Ruttan, 1985) have long recognized the role of agriculture in the economic development
process. For this reason, the adoption of new technology has received a great deal of
attention in developing countries. However, agricultural growth is not only determined by
the level of technology but also by the level of efficiency that is associated with the
utilization of a given technology. The potential contribution of efficiency to the overall
output growth has yielded a number of studies of production efficiency (Bravo-Ureta and
Pinheiro, 1993). Several hypotheses have been tested to understand the causes of low
production efficiencies in developing countries. One of the well accepted hypotheses
proposed by Schultz (1964) says that poor farmers in developing countries are actually
efficient given their socio-economic circumstances. This hypothesis has had a strong
influence in shaping the agricultural development policy in developing countries. Policy

3

The wetlands of the country's lowlands alone support 32 species of mammals,

461 species of birds (among which 15 species are rare), 9 species of turtle, 20 species of
snake and 28 species of fish.
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makers overlooked inexpensive ways of increasing agricultural production through
increasing efficiency and focused only on expensive options such as investment in new
technology. The poor but efficient hypothesis assumes that the external conditions are
steady and farmers are in a continuous equilibrium. In reality, farmers find themselves in
disequilibrium because of continuously generated new technology and variations in input
and output prices (Ali and Chaudhari, 1990). Thus, in contrast to Schultz’s hypothesis,
many studies have hypothesized that farmers in developing countries have failed to
exploit the existing technology irrespective of whether it is traditional or modern. For
example, a study by Ali and Flinn (1989) concluded that profits of rice farmers in
Pakistan’s Punjab could be increased by 28% through enhancing efficiency using the
existing technology. Similarly, many other studies carried out in developing countries
have found similar results (Jamison and Moock, 1984; Squires and Tabor, 1991;
Tadessea and Krishnamurthy, 1997; Dhungana et al, 2004; Idiong, 2007; Rahman, 2010).
Thus, technological advancement may not bring the expected impact if inefficiency is
pervasive in farming business.

Past studies have also explained the gap in technical efficiency as mainly due to
socio-economic characteristics of farm households. Infrastructure, soil fertility,
experience, access to extension services, tenancy and non-agricultural share of income
were the main factors affecting the efficiency of rice farms in Bangladesh, (Rahman,
2010). Similarly, Brazdik (2006) found that rapid land fragmentation was an important
factor affecting the technical efficiency of rice farms in West Java, Indonesia during the
Green Revolution.
12

Production is technically efficient, if production occurs on the boundary of a
production possibility curve and is allocatively efficient if it occurs in a region of the
production possibilities set that satisfies the producer’s behavioral objective and market
forces. Thus, economic efficiency is the product of technical and allocative efficiency.
An economically efficient input-output combination would be on the frontier function as
well as on the expansion path.

Efficiency analysis depends on certain assumptions about the behavior of firms.
The behavior of production entities can be described either using production functions,
cost functions, profit functions, or demand and supply functions. It is assumed that a
producer’s goal is to either maximize profit or minimize cost. However, there are
different economic theories of peasant household behavior, which assume that peasant
households maximize one or more household objectives (Mendola, 2007).

Agricultural farms are very heterogeneous in developing countries, and very few
are commercialized while many are still subsistent. Due to imperfect information in
subsistence farming, the informal institutional arrangements lead to high efficiency costs
(De Janvry et al, 1991). In commercial farming, competition in the market forces farmers
to make decisions that tend to more effectively utilize given technology to its maximum
extent. In the case of subsistence farming, production decisions tend to be based on local
informal institutions. Such systems do not create competitive environments which, in
turn, allow continued inefficiency in production.

13

This study analyzes the nature and causes of inefficiencies in the agricultural
systems of the Koshi River Basin, with the goal of identifying opportunities for
increasing productivity and economic outcomes in the region. This is especially
important given the rapidly changing natural and social environment in the region.

3. Guiding Economic Theory

Efficiency is typically compared among various categories such as regions, farm
size, tenure system and, more recently, upriver (upstream) - downriver (downstream).
The concept of efficiency in economics is a complex and dynamic issue. The rates of
adoption and diffusion of agricultural production technology by farmers significantly
changes economies of scale and thus efficiencies of particular farms.

To achieve higher productivity, farmers must either adopt recent technological
innovations, or make more efficient use of available technologies, or both. Schultz (1964)
argued that, given their resources small farmers generally combine inputs in manners
which yield maximum profit; that is peasants are “poor but efficient”. Technological
advancement (green revolution) and better use of existing technology both have been
effective during the last few decades in enhancing productivity in the farming practices.
In developing countries, most new agricultural technologies have only been partially
successful (Xu and Jeffrey, 1998). It has generally been more cost effective to motivate
farmers to improve efficiency rather than to adopt radically new technology, especially
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when farmers are not efficiently using the existing technology (Belbase and Grabowski,
1985).
The seminal work of Farrell (1957) who argued that efficiency could
meaningfully be judged in a relative sense, as a deviation from the best practices of a
representative peer group of producers (farmers in our research). Farrell further
differentiated between technical efficiency (where maximum output is obtained from a
given set of inputs) and allocative efficiency (where given prevailing input prices, factors
are used in proportions which maximize profits). Simultaneous achievement of both
technical and allocative efficiency ensures economic efficiency. Figure 1 explains these
different types of efficiency concepts.

Quantity of
Input X1

D

Px1
S
R
T
U
Isoquant

Px2

O

Fig. 1. Farrell’s efficiency indices
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Quantity
of Input
X2

Figure 1 shows the efficient unit isoquant for a group of farms (S, T and U farms)
using inputs X1 and X2. All farms operating on the isoquant use the least amount of
inputs X1 and X2 to produce the predetermined level of output. Here S, T and U, being on
the isoquant, are technically efficient but D is not. The measure of technical efficiency for
farm D is given by the ratio, OS/OD; that is farm D could reduce both inputs by a
proportion OS/OD and still produce the same level of output. Given relative input prices,
the isocost line Px1Px2 indicates the minimum cost of producing one unit of output. Farm
T achieves greatest economic efficiency because it lies on the tangential point between
the isocost line and isoquant. Farm R has the same level of cost as farm T but produces
below the isoquant, and therefore at a lower level of output. The overall economic
efficiency of farm D is measured as OR/OD. The allocative efficiency (the divergence
between the minimum cost point and the cost incurred at point S) for farm D is OR/OS.
Farrell (1957) decomposed overall economic efficiency as follows:

Economic Efficiency (EE) = Technical Efficiency (TE) x Allocative Efficiency (AE)
OR/OD = OS/OD *OR/OS

From the definition above, farm T would be economically efficient, farms U and
S would be technically efficient but not allocatively efficient, and farm D would be
neither technically nor allocatively efficient.

Note that TE achieves maximum output given the production function and
available inputs. Technical efficiency is an important goal but in market driven
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situations, profit maximization4 is the ultimate goal. Specifically, how well informed
decision making could be an instrument to achieve overall efficiency for the farming unit
is illustrated in the various panels of figure 2 below.

3.1 Technical, Allocative and Economic Efficiency

In Figure 2(a), farm D exhibits both technical and allocative inefficiency whereas
farm C on the same total physical product (TPP2) curve is allocatively efficient but
technically inefficient. Farm B on the TPP1 is technically efficient but allocatively
inefficient. Farm A displays both technical and allocative efficiency thus achieving
overall economic efficiency in terms of input management. Farms are assumed to operate
on the outer bound of the possible production space (i.e. on the production function). In
both Figures 2(b) and 2 (c) subscript 1 indicates the technically superior set of production
conditions. Point D displays both technical and allocative inefficiency, C displays
allocative efficiency but technical inefficiency, B displays technical efficiency but
allocative inefficiency, and the point A defines the unique point of economic efficiency.
In order to investigate the efficiency attributes of farms two types of information are
required (Ellis, 1993):
4

Neoclassical theory of production suggests three important decision making conditions for

profit maximization. In factor-product relations, the economic optimum level of inputs occurs when the
marginal value product (MVP) of the input is equal to the price of the inputs i.e. MVP X=PX. In factor-factor
relations, ratios of marginal physical products (MPP) to unit costs are the same for all inputs i.e.
MPP1/MPP2=P1/P2. And in product-product relations the optimum choice of enterprise occurs when the
marginal value product per unit of variable resource is equal in all enterprises, i.e. MVP (Y 1) =MVP (Y2),
also called the principle of equi-marginal returns.
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Farms’ varying degree of success at maximizing output from given levels of
inputs; and



Farms’ choices with respect to the relative prices of inputs and outputs.

The first set of information explains the technical efficiency dimension while the
P
latter is oriented towards allocative (price)S efficiency dimension. Meanwhile, it is
x1

possible to set up and estimate a production function with variables of interest (water in
this case). That would be instrumental to judge whether the principal factors of
production are under, over or properly utilized by equating MVP with marginal input cost
(MIC).

C
B

TPP2

Output (Y1)

Output (Y)

TPP1

Input (X1)

A

D

C

Y =100
2

A

D

Y =100

B

Input (X2)

Input (X)

(a) Factor-product relation
(Technical and price efficiency)

1

A

B
D
C
PPF

PPF

1

2

Output (Y2)

(b) Factor-factor relation
(c) Product-product relation
(Isoquants and efficiency) (Production frontiers and eficiency)

Figure 2. Technical, Allocative and Economic Efficiency

R
Long enduring farming enterprises
typically invest in durable capital such as
irrigation facilities, seed storage, farm machinery, etc. The goal of farm managers then is
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to maximize their return on this investment. This can be illustrated through the following
objective function:
𝑁

𝑀𝑎𝑥 𝑁𝑃𝑉 = ∑ 𝑁𝑅𝑛 (1 + 𝑘)−𝑛
𝑛=1

Where NPV is the net present value of net farm revenue (received from the
transaction of farm output in the ith farm, k represents the discount rate (mostly reflecting
market interest rates), and 𝑁𝑅𝑛 represents net revenue over n period. Here, the bounds of
summation for the net revenue (NR5) are from the beginning year of the decision to start
or continue farming to an undefined future time period, N. During this time period many
factors including the quality and quantity of inputs and outputs, prices of inputs and
outputs, opportunity costs of assets, and technology keep changing.

4. Analytical Framework
From economic production theory, economists characterize a technology as the
transformation of inputs into outputs and conceptualize this transformation by a
production function. Production functions are the foundation of studies of productivity
and efficiency. Productivity is the return on applied inputs; paddy harvest per kg
nitrogenous fertilizer, for example. Estimation of efficiency can be achieved using either
parametric or non-parametric methods. This study uses a non-parametric method- Data
Envelopment Analysis (DEA) developed by Charnes et al. (1994). DEA measures the

5

In the initial period the cost or opportunity cost of committed investment is included in NR.
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productivity and efficiency of a decision making unit (DMU6) based on linear
optimization by creating the benchmark function- ‘frontier’ from the observed data sets
via an optimization condition. So the best observed DMUs define the so-called ‘best
practice frontier’ (Coelli et al. 2005). This process is demonstrated in figure 3. The
distance between red (observed farms) and blue dots (software generated benchmarked
farms) is inefficiency.

{Y=g(xi)=best practice
frontier or benchmark}

Output(Y)

Inputs(X)
Figure 3. DEA simulated best practice frontier
P
O
The advantages of the DEA techniques include its straightforward interpretation,
x2

and feasibility of estimating a production frontier with few observations. DEA does not
require the analyst to define a particular functional form for the production process.
Weaknesses of DEA are that random impacts on the observations (e.g. measurement
error) are treated as real and deterministic data and that a few observations can
significantly influence the estimation of the frontier (Lanker et al. 2012). Efficiency

6

Agricultural farm in both upriver and downriver basin
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measures can be biased by outliers in the data. Besides the core production variables,
there are a number of factors that influence the technical efficiency of farms, often
referred to as ‘determinants of technical efficiency’. The DEA approach typically does
not include a large number of socio-economic variables which are plausibly useful in
explaining technical and allocative efficiency-framework. These socio-economic
variables, often called “factors affecting technical efficiency,” can be incorporated in a
second stage-estimation Tobit-model with censored technical efficiency scores although
there has been a debate over using Tobit regression in this manner (Hoff 2007; McDonald
2009).
TE is defined as the ability of a farm to either produce the maximum possible
output from a given set of inputs and a given technology, or to yield the given level of
output from the possible minimum quantum of inputs. Färe and Lovell (1978, p. 152)
defined technical efficiency as the “degree to which the actual output of production unit
approaches its maximum”. Färe et al. (1994) recommend the input oriented DEA
approach to illustrate TE via a linear programming (LP) method. In particular, Farrell
(1957) proposes this piece-wise-linear convex hull approach to frontier estimation.
Assuming that each of I farms has access to N inputs and can produce any of M outputs
then the input and output vectors of ith farm is an N*I input matrix X and an M*I output
matrix Y. The expected ratio of all outputs to overall inputs is determined by assigning
optimal weights to inputs and outputs based on a solution to a mathematical
programming problem. We followed Coelli et al. (2005) in formulating the necessary
equations needed by the DEA program. Here, u is an M*I vectors of output weights and v
is an N*I vectors of inputs weights.
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maxu,v [𝐮′ 𝐲i ⁄𝐯 ′ 𝐱 i ]
st
[𝐮′ 𝐲j ⁄𝐯 ′ 𝐱 j ] ≤ 1, i = 1,2, … , I,
𝐮, 𝐯 ≥ 𝟎

(1)

Equation (1) involves solving for u and v, such that the efficiency measures for
the ith firm is maximized subject to the constraints that the efficiency value be less than or
equal to 1. To overcome the problem of an infinite number of solutions from this specific
ratio formulation, we impose the constraint v'xi = 1, then
maxμ,v [𝛍′ 𝐲i ],
st
𝐯 ′ 𝐱 i = 1,
𝛍′ 𝐲j − 𝐯 ′ 𝐱 j ≤ 0,
𝛍, 𝐯 ≥ 𝟎,

j = 1,2, … … , I,
(2)

Where the change of notation from u and v to μ and V is used to indicate that this
is a different linear programming problem. The problem formulated in (2) is known as
the multiplier form. Finally, we derive an equivalent envelopment by introducing the
duality in linear programming:
min θi ,λ θi
st

−𝐲𝐢 + 𝐘𝛌 ≥ 𝟎,
θ𝐱 𝐢 − 𝐗𝛌 ≥ 𝟎,
𝛌 ≥ 𝟎,

(3)

Where λ is a I*1 vector of constants, θ is a scalar and efficiency scores for the ith
firm which satisfies: θ ≤ 1. Here θ is independent of input prices.
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Alternatively, one can estimate the cost and allocative efficiencies assuming
variable return to scale (VRS) using DEA. This model allows the estimated production
frontier to include increasing, decreasing or constant returns to scale properties. The
constant returns to scale model described above is a special case of the VRS modeling.
Following Coelli (1996), the cost minimization set up for the VRS model is

Min λ, xi∗ 𝐰i∗ xi∗
𝑠𝑡 −yi + Yλ ≥ 0

(4)

𝑥𝑖∗ -X λ ≥0,
𝑁1′ λ = 1,
λ≥0
Here, 𝑤𝑖 is a vector of input prices for the ith farm and 𝑥𝑖 represents the vector of
cost minimizing farm-input quantities for the ith farm (designed by DEA model). Then
cost efficiency (CE), allocative efficiency (AE) and scale efficiency (SE) of ith farm can
be calculated as

𝐶𝐸 =

𝑤𝑖′ 𝑦𝑖∗

(5)

𝑤𝑖′ 𝑦𝑖

𝐶𝐸

𝐴𝐸 = 𝑇𝐸 and

𝑆𝐸 =

(6)

𝑇𝐸𝑖 ,𝐶𝑅𝑆

(7)

𝑇𝐸𝑖,𝑉𝑅𝑆

Cost efficiency is the comparative amount of minimum cost to observed cost
designed for the ith farm. Models presented above are related to variable returns to scale
DEA. Scale efficiency (SE) can be estimated by removing the convexity constraint
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((𝑁1′ λ = 1) from equation 4 (Coelli, 1996). Values of SE closer to 1.0 indicate that SE
operates near CRS and SE values less than one indicate inefficiency in VRS due to suboptimal scale.

Input oriented DEA models under the CRS assumption are widely used to solve
overall technical efficiency (Charnes et al. 1994; Färe et al. 1994; Dhungana et al. 2004,
Poudel et al. 2015). After attaining efficiency scores from Data Envelopment Analysis,
the variation in efficiency scores were regressed on the socio-economic characteristics of
the farming communities using a Tobit regression (Dhungana et al. 2010; Dhungana et al.
2004; Wadud and White, 2000; Poudel et al. 2015; Sharma et al. 1999; Wang et al. 1996;
Hallam and Machado, 1996). Analysis using Tobit regression, to study efficiency and
explore determinants of efficiency, has been increasingly cited in the literature. Rice farm
efficiency were studied in Bangladesh (Coelli et al. (2002), in Indonesia (Brazdik, 2006),
in Turkey (Tipi et al. 2009), in cotton production in Bangladesh (Sarkar et al. 2016),
cotton farms of Pakista (Gul; 2009), in English Channel fisheries analysis (Tingley et al.
2005), and organic versus conventional coffee production efficiency comparison in Nepal
(Poudel et al. 2015) using DEA approach and Tobit regression. Similarly, Tobit model as
a second stage to determine the farm specific attributes in explaining inefficiency is
suggested in a number of studies (Kalirajan 1991; Parikh and Shah 1995; Llewelyn and
Williams 1996; Shafiq and Rehman 2000). Early methodologies were based on
deterministic models that attribute all deviations from the maximum production to
efficiency; recent advances have made it possible to separately account for factors
beyond and within the control of firms such that only the latter will cause inefficiency. A
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Tobit model is suitable for estimating factors affecting efficiencies of the targeted
samples as the efficiency scores vary from zero to unity by setting upper limit at one.

The Tobit model is a special case of a censored regression model, because the latent
variable 𝑇𝐸𝑖∗ cannot always be observed while the independent variable 𝑋𝑖 is observable.
A Tobit model is suitable for estimating factors affecting the technical efficiency of
surveyed farms. As the TE scores vary from 0 to 1; by setting upper limit at 1 the
dependent variable is now characterized as;
𝑇𝐸𝑖 = {

1
0

if 𝑇𝐸𝑖∗ = 1
otherwise

The functional form of the parameter estimation is 𝑇𝐸 ∗ = 𝒁𝜷 + 𝜀. Z stands for vector of
socio-economic characteristics of the farms in the study area. β is a vector of unknown
parameter and 𝜀𝑖 is an independently and identically distributed normal random variables
with zero means and common variance, 𝜎 2 as; εi ~ iidN(0, σ2 ). The tobit model uses
maximum likelihood estimate (MLE) to estimate both 𝛽 and 𝜎 for this model. It is
important to know that 𝛽 estimates the effect of 𝑍 on 𝑇𝐸 ∗ , the latent variable, not TE
(uncensored). The censored regression model described above is different than a
truncated regression model. Truncated regression is used when rather than being
censored, the data is missing beyond a censoring point (Green, 2017). Final estimated
Tobit model is presented as:

𝑇𝐸𝑖 = 𝛽0 + ∑12
𝑖=1 𝛽𝑖 𝑍𝑖 + 𝜀𝑖
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Where TE is the efficiency index from DEA converted to a binary dependent variable. Zj,
j=1,..,12, represent: gender of the household head, age of the farm manager, education of
the farm manager (household head),family size, resident area (rural or non-rural),distance
to nearest creek, distance to forest area, land use change practice (0 = no, 1= yes),
farmer’s access to agricultural extension programs (0= no, 1= yes), access to formal
financial institution (0 = no, 1 = yes), electricity connection (0 = no, 1 = yes), and
distance to market respectively.

The model assumes that there is an underlying, stochastic index equal to (Zβ + ε), which
is observed only when it is less than 100 and, henceforth, qualifies as an unobserved,
latent variable (Coelli et al. 2002; Dhungana et al. 2004). The dependent variable in the
above given regression equation cannot have a normal distribution. It has a censored
distribution, because its value lies between 0 and 100. Ordinary Least Squares estimation
using a censored sample yields inconsistent estimates. Instead we estimate the Tobit
regression model using the maximum likelihood approach (Tobin 1958). It is possible to
show that the expected value is (Coelli et al. 2002; Dhungana et al. 2004),

𝐸(𝑦 | 𝑍) = 1 − Φ(𝑏) × 100 + Φ(𝑏)𝑍β − σΦ(𝑏)

Where 𝑏 = (100 − 𝑍𝐵)/ σ. Marginal effect for continuous explanatory variables such as
age, education, family size and distance can be computed as

𝜕𝐸(𝑦 | 𝑍)
𝜕𝑍𝑘

= Φ(𝑏)β 𝑘 .

Similarly, marginal effect for dummy variables (Zd) such as resident area, access to
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extension, access to credit etc) is calculated as 𝐸(𝑦 | Z 𝑑 ) = 100 − 𝐸(𝑦 | Z 𝑑 ). Zd stands
for dummy variable.

These variables are important in explaining productivity of farming practices.
Focus group discussions in the field revealed that the educated young generation is
reluctant to take up farming as an occupation. On the other hand, illiterate farmers are
less able to grasp modern farming knowhow. Respondents from rural areas show a
negative effect on technical efficiency in the upriver region. Upriver farms are scattered
and are located on steep slopes in the study area while downriver farms in the rural area
are mostly governed by ethnic, marginal and ultra-poor peasants who have limited access
to modern inputs. In the Tobit model, we expect educated and experienced farm manager
are more efficient in input rationing and output management. Larger family size may
have more members to work in the farm and help harvesting better output. Farms who
have better access to a market center will procure agricultural inputs and able to sell their
products on time. We expect that access to extension services will provide farmers with
the information and technical assistance they need to make better farm management.
Those farmers with more access to credit have a smaller financial barrier to invest in farm
infrastructures and/or necessary durable assets that could enhance farm productivity.
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5. Results and Discussions
5.1. Descriptive Statistics

Table 1 reports the summary statistics of farm inputs, outputs and other relevant
geographic and demographic variables. Farming units are small. The average farm in the
downriver ecoregion is bigger than farms upriver. Farm output is more than double in the
downriver region. The mean water usage in a farm during the production period is 7,525
and 14,035 liters in upriver and downriver respectively. Household heads are of similar
age, around 49 years. Farms in the upriver and downriver regions are 2.91 and 4.22 km
away from a river (tributary) and 0.74 and 0.78 km from creeks respectively. Farmers
manage agricultural water from creeks that flow close to their farmland. However, water
in tributaries is also important for the farming communities. Water in the upriver region
is more expensive (Rs 0.1/ liter) that downriver (Rs. 0.07/liter). Cost differences in
managing agricultural water are mostly due to the topographic hurdles in upriver areas
(steep slope and extreme undulated mountain terrace). The average distance to a nearby
market(s) for both input and output transaction are about similar, 6.32 and 6.5 km in
upriver and down river farming communities respectively. Gross margin analysis of
farms shows that upriver farms are performing relatively better than downriver farms.
Though cropping intensity7 is higher on downriver farms because of tropical weather
compared to upriver farms, the difference in gross margins is due to productivity and
output market prices. Mean gross margin obtained in upriver and down river farms are
7

Cropping intensity is the ratio of effective crop area harvested to the physical area. The

cropping intensity may exceed 100% if more than one crop cycle is completed in a year on the same farmarea.
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53,880 and 50,000 respectively. The household survey found that 74.22% and 77.33% of
household heads are male in the upriver and down river regions respectively. About 19%
and 20% household heads are illiterate and 78% and 86% households are residing in rural
areas in upriver and down river along the Koshi river basin.

Table 1. Summary statistics of farm related variables in upriver-down river regions
Variables

Upriver

Downriver

Mean

SD

Mean

SD

Farm output (Qtl)

13.14

6.87

32.76

27.31

Farm size (Ropani)

12.90

5.67

21.80

14.18

Labor (No. of worker in farm)

77.06

33.17

113.56

72.91

Capital (Rs/production period)

10373.17

4465.40

15286.78

9815.45

Water (liter per season)

7525.50

8269.05

14035.63

14409.33

Household head age (year)

49.94

8.17

49.47

6.32

Distance from the river (km)

2.91

1.92

4.22

3.59

Distance from creek (km)

0.74

0.49

0.78

0.70

Water cost for agricultural use (Rs/lit)

0.10

0.25

0.07

0.11

Distance to the water source (km)

1.19

1.20

0.97

0.74

Distance to the nearby market (km)

6.32

2.40

6.50

3.52

Gross margin (Rs’000)

53.83

27.54

50

26.67

Source: Field survey, 2015

5.2.Technical, Allocative, Cost and Scale Efficiency

Technical efficiency was estimated using DEAP software (2.1) version developed
by Coelli (1996) and is presented in table 2 for both upriver and downriver farms in the
Koshi river basin. Results show that TE ranges from 0.18 to 1.00 and 0.29 to 1.00 in the
upriver and downriver regions respectively. When TE gets closer to one, the farm is
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considered more technically efficient. Mean technical efficiency scores are 0.59 and 0.66
in upriver and downriver respectively. This suggests that sample farms in upriver and
downriver could potentially reduce their inputs for cereal crop production on average by
41% and 34% while still achieving the same level of output (the peer average) using
existing technology. About 36% of the farms upriver and 53% downriver are operating
below 0.5 TE. DEA for both constant returns to scale (CRS) and decreasing returns to
scale (DRS) assumptions generates TE score in the same direction but of slightly
different magnitudes. From VRS DEA it is observed that about 31% and 12% farms are
unable to possess even 50% technical efficiency in the upriver and downriver. Mean TE
of the farms in upriver and downriver are 0.63 and 0.75 under the VRS DEA
respectively. This implies that farms in upriver and downriver regions could produce the
same level of output while reducing variable inputs an average 37% and 25%. The
median technical efficiency values were 0.606 and 0.756 for upriver and downriver farms
respectively. From TE scores corresponding to median value, it is observed that about
76% of upriver farmers and 52% of downriver farmers are below median TE score.
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Table 2. Distribution of Technical Efficiency under CRS and VRS data envelopment
analysis
Efficiency

Constant Return to Scale DEA

Variable Return to Scale DEA

level

Upriver

Downriver

Upriver

Downriver

<0.5

80(35.56)

53(23.56)

68(30.22)

26(11.56)

0.5-0.59

30(13.33)

14( 6.22)

36(16)

15(6.67)

0.6-0.69

40(17.78)

24(10.67)

29(12.89)

30(13.33)

0.7-0.89

43(19.11)

55(24.44)

37(16.44)

60(26.67)

0.8-0.89

20(8.89)

47(20.89)

27(12)

43(19.11)

0.9-1

12(5.33)

32(14.22

28(12.44)

51(22.67)

Grand Total

225(100)

225(100)

225(100)

225(100)

Mean

0.594

0.666

0.639

0.751

Max.

1

1

1

1

Min.

0.183

0.078

0.208

0.290

STD

0.25

0.25

0.207

0.180

Source: Field Survey, 2015. Value in the parenthesis indicates percentage

Table 3. Distribution of farms according to return to scale
Return to Scale

Upriver

Downriver

Decreasing Return to Scale(DRS)

46(20.44)

32(14.22)

Increasing Return to Scale(IRS)

170(75.56)

185(82.22)

Constant Return to Scale (CRS)

9 (4)

8(3.56)

Total farms

225(100)

225(100)

Source: Field Survey, 2015. Value in the parenthesis indicates percentage

Farms operating under CRS, DRS and IRS represent 20.44%, 75.57% and 4% of
upriver farms, and 14.22%, 82.22% and 3.56% of downriver farms respectively (Table
3). In both regions, more than two-thirds of the farms are operating under increasing
returns to scale and are yet to achieve the maximum physical product. From the input
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management point of view, 20.44% farms in upriver and 14.22% farms in downriver
appear to be overusing their farm resources. However, there might be some socioeconomic variables exerting pressure to scale back. The average farm output in the
various categories of TE and AE are presented in the figure 4 and 5 respectively.

60
Upstream

DownStream

50
40
Output (Qtl) 30
20
10
0
<0.5

0.5-0.6

0.6-0.7

0.7-0.8

0.8-0.9

0.9-1

Technical Efficiency scores in decile

Figure 4. Output produced in different categories of TE
Source: Filed Survey, 2015
Note: 1 Qtl= 100 Kg
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0.7-0.8

0.8-0.9

0.9-1
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Figure 5. Output produced under different categories of AE
Source: Filed Survey, 2015

Only about 35 farms in both upriver and downriver are operating with TE equal to
1.0. From table 4 it is observed that about 37% of upriver farms and 44% of downriver
farms are allocatively efficient and with a mean AE greater than 0.8 in both the regions.
Only two farms (0.89%) in upriver and 5.33% farms in downriver are cost efficient with
mean CE 0.47 and 0.57 respectively. About 79% and 81% farms in downriver and
upriver operates close to constant return to scale respectively.
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Table 4. Allocative, Cost and Scale efficiency in upriver and downriver
Efficiency Allocative Efficiency

Cost Efficiency

Scale Efficiency

Level

Upriver

Downriver Upriver

Downriver Upriver

Downriver

<0.5

15(6.67)

2(0.89)

123(54.67)

75(33.33)

0(0)

29(12.89)

0.5-0.59

16(7.11)

1(0.44)

47(20.89)

21(9.33)

0(0)

0 (0)

0.6-0.69

25(11.11)

26(11.56)

38(16.89)

34(15.11)

8(3.56)

0 (0)

0.7-0.89

18(8.00)

37(16.44)

10(4.44)

59(26.22)

12(5.33)

4(1.78)

0.8-0.89

68(30.22)

61(27.11)

5(2.22)

24(10.67)

22(9.78)

15(6.67)

0.9-1

83(36.89)

98(43.56)

2(0.89)

12(5.33)

183(81.33) 177(78.67)

Grand

225(100)

225(100)

225(100)

225(100)

225(100)

225(100)

Mean

0.815

0.859

0.475

0.578

0.933

0.838

Max.

1

1

1

1

1

1

Min.

0.302

0.379

0.114

0.073

0.601

0

STD

0.154

0.121

0.168

0.243

0.082

0.326

Total

Source: Field Survey, 2015. Value in the parenthesis indicates percentage

5.3. Factors Affecting Technical Efficiency

Technical efficiency (TE) scores obtained from DEA approach are now censored
as 1 (upper limit), 0 otherwise. The Tobit regression model defined in equation 8 is
estimated separately for upriver and downriver regions. The results of the Tobit
regressions are presented below (Table 5).
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Table 5. Determinants of Technical inefficiency in upriver and downriver farming
communities
Variables

Upriver (n=225)

Downriver (n=225)

Coef.

t value

P>t

Coef.

t value

P>t

Gender

0.0277

0.99

0.324

-0.0189

-0.59

0.556

Age

0.0028

2.02

0.045

0.0031

1.36

0.175

Education

0.0604

1.83

0.069

-0.1287

-3.11

0.002

Household size

-0.0083

-0.64

0.522

-0.0136

-0.8

0.423

Residence

-0.1064

-3.52

0.001

-0.0374

-0.72

0.473

Distance to creek

0.1630

5.45

0.000

0.1546

7.14

0.000

Distance to forest

0.0655

4.35

0.000

0.0066

1.71

0.089

Land use change

0.1455

5.08

0.000

-0.1198

-3.37

0.001

Extension

0.0423

1.22

0.223

0.0162

0.39

0.701

Credit access

0.0090

0.39

0.000

0.0483

1.02

0.000

Electricity access

-0.0563

-2.2

0.029

0.3169

6.2

0.000

Distance to

0.0068

1.2

0.231

0.0275

4.95

0.000

0.5329

5.19

0.000

0.2220

1.61

0.109

market
Constant
Prob. > Chi

2

0.0000

0.0000

Pseudo R

-1.1165

3.6555

Log Likelihood

83.8892

48.1194

2

Source: Field survey, 2015

Table 7 indicates that distance to agricultural water source(s), land use change
practices, access to public agricultural extension services, access to agricultural credit
from formal financial institutions, and distance of market centers for both inputs and
outputs are statistically significant in both upriver and downriver regions of the Koshi
river basin. As expected, experienced farm managers contribute to greater technical
efficiency in both regions. However, the age of the household head is positive and
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significant only in the upriver region. Interestingly, education has a negative impact on
efficiency in downriver while it is positive for upriver. Educated farmers in the downriver
have a multitude of opportunities to improve their earnings which may lead them to
devote less attention to their farms.

Normally, one would hypothesize that experienced farmers should have more
skills in allocating scarce farm resources and positively impact technical efficiency.
Experienced farmers are able to reduce water leakages, apply prior knowledge in
production planning, use local knowledge for plant protection measures, and be able to
implement climate change adaptation measures. Educated and experienced farmers were
seen practicing water saving methods such as drip irrigation, mulching, plastic sheet
covers over porous and sandy soils and rain-water traps in plastic pond in the upriver
region. These practices are rarely seen downriver. Despite the observation that many big
farms are left fallow because of farm labor shortage, family size is not significant in
either region. Until recently, even large households could not procure sufficient on-farm
labor since high school graduates were hesitant to work on farms.

Most of the farmers in the river basin procure agricultural water from local
creeks/tributaries (mostly perennial). Distance between sources to sites (farms) is another
significant (P <.0001) factor explaining technical efficiency in both upriver and
downriver farming communities. Farmers indicate that the shorter the distance, the better
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the water conveyance efficiency8. Given similar source-to-site distances, water
conveyance efficiency is higher in the downriver (plain area) compared to upriver (hill
and mountain area). Less water loss in- route to farms contribute to more water available
during the cropping season which tends to allow higher cropping intensity9. It also
reduces the costs of farm operation. Similarly, any farms near forest areas are relatively
more efficient than their peers. Distance to forest area from the farmland has a significant
and positive impact in both regions of the river basin. It may be due to microclimatic
moderation and farms receiving more precipitation and less temperature fluctuations.

The Government of Nepal (GON) and several international agricultural
development programs believe that extension services (mostly government and also semigovernment, non-government and private sectors) could act as drivers of change in
technology dissemination and complete feedback process. Extension services including
on-farm demonstration, trade-fair and plant protection clinics are deemed important to
disseminate agricultural technology such as agronomic practices, post-harvest and
marketing management (MOAD, 2014). This variable is specifically important to
marginal and small holders in all regions. Demonstration and agronomic methods and
their results are commonly used approaches to motivate and engage farmers in

8

Irrigators normally deliver the water from its source to the crop area through natural drainage (earthen
or lined canals). Water loss between the source and at-site is unavoidable because of seepage, spills,
evaporation, leaks, etc. Conveyance efficiency can be estimated as the ratio of the net amount of water
at-site to amount of water diverted at-source.
9

Cropping intensity is the ratio of effective crop area harvested to the physical area. The cropping
intensity may exceed 100 percent if more than one crop cycle is completed in a year on the same farmarea.
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agricultural enterprises. Surprisingly, the impact of extension services was not found
significant in either regions although it has a positive coefficient. This may because the
extension service package provided to the farmers has not been effective of adequate
quality to make a significant contribution to efficiency.

Credit availability from formal financial institutions has been a recent process
(less than a decade) for smallholders in rural areas of the river basin. Access to credit
motivates and empowers farmers to undertake better production planning. Results show a
positive and significant impact of credit access on both upriver and downriver farms.
Most of the marginal and small holders are unable to invest in water saving
infrastructure, for example. Dolisca and Curtis (2008) and Sarkar and Alam (2016)
observed similar results while studying farming practices in Haiti and Cotton production
in Bangladesh respectively. Farmers who had access to credit were more technically and
economically efficient than who had no such access.

Many rural households are not connected to electricity in the upriver area.
Electricity is important for pumping water from creeks or wells. The coefficient for the
variable ‘access to electricity’ is positive and significant downriver but not upriver.
Production units away from the market centers are relatively less efficient than the farms
closer to the market centers. Markets signal demand based production and improve the
economies of scale. Distance to market is positive and highly significant ((P <.0001) in
both upriver and downriver sections of the Koshi river basin.
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6. Essay Summary and Policy Recommendations

In a country where more than 65% of the population relies on agriculture for their
livelihood, enhancing agricultural productivity and farm resource use efficiency is crucial
for overall development. Every agricultural development plan highlights water resources
as one of the prime factors needed to achieve accelerated agricultural growth.
Unfortunately, productivity and agricultural value addition in both regions have not
witnessed much improvement over the decades. The analysis here estimates that about
79% of farms are operating under increasing returns to scale meaning that they still have
an opportunity to increase productivity by enlarging. Unreliable water supply hinders
better production planning. Decreasing water flows in the creeks and declining flows
from springs due to climate change are commonplace in the upriver region. This is
exacerbated by deforestation in the region. The downriver region encounters erratic
monsoon rain, flooding, and severe drought during the production cycle.

The results of this analysis reveal that the sample of farms in this study can
potentially reduce their inputs for cereal crop production on average by 41% and 34%.
This would be possible due to access to credit, marketing management and the use of
water saving technologies. About 36% of farms in the upriver and 53% in the downriver
region are operating below 0.5 TE. Farms in this region require an integrated
development package to improve their farming practices. Current technology is sufficient
to make big gains in the productivity. A majority of the farmers believe that reliable
water availability and market facilities can increase the efficiency of farming
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communities in both upriver and downriver sections of the Koshi river basin. Reliable
water source revitalization via green infrastructure development (forestation, wetland
protection) and community based source water management should be considered in
future research.
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ESSAY 2: Determinants of Water Resource Adaptation in Nepal: a
Logistic Regression Analysis

1. Research Problem and Rationale of the Study

Climate change is posing a serious threat to both low and high income countries.
It threatens both assets such as ground water, forestry, livestock, wildlife, and permafrost
and social issues such as food security, migration, land-use patterns, tourism, and culture.
Panta (2012) finds that a rise in minimum temperature decreases the productivity of rice
by reducing the water availability in the paddy fields. This poses a great threat to food
security especially in the Hill and Terai regions of Nepal. Analysis of Nepalese
agriculture shows that climate variables have a significant impact on the net farm income
per unit of land (Thapa and Joshi, 2010). It will also have important income distribution
implications. Conceição and Zhang (2010) conclude that the effects of climate change in
tropical regions will be overwhelmingly negative.

Scientists and other concerned individuals have stressed the need for adaptations
to changing water availability. Developing countries like Nepal have had insufficient
capacity to assess and plan for climate change, and its consequences for water resources
in various ecologies. Awareness of the issues by the public continues to rise but
awareness alone is not sufficient to protect the human and ecological assets in the region.
The consequences of climate change in the Himalayan region are particularly critical
owing to the large proportion of the population depending on climate-sensitive
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agriculture (Pradhan et al., 2012). Enhancing resilience of families, businesses and
communities requires research-based adaptation strategies designed within the context of
development plans.

The rationale for the current research is that by identifying early changes in
conditions faced by small hold farmers, and by identifying key vulnerabilities, we may
anticipate some of the most fruitful intervention points for researchers and policy makers.
Furthermore, by identifying current responses of small holders to these changes, and by
documenting the consequences of the responses, we might develop better strategies for
longer term adaptation to changing conditions.

2. Research Questions

The central research question is to determine the factors that lead to adaptive
behavior of the farmers in three ecological regions (Mountain, Hill and Terai) of Nepal.
In addition, this survey tried to assess how changing climatic variability is impacting the
seasonal availability of water resources and the consequences of these changes for small
scale agricultural producers in three ecological regions of Nepal.

3. Objectives

The broad objective of the research is to explore economically and
environmentally sustainable water resource adaptation management strategies for rural
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communities in the Himalayan region of Nepal. The working objective is to collect and
analyze adaptation strategies on water resource management in agriculture.

4. Hypothesis

Followings are the hypotheses tested in the current research:
 There are discernable effects of climate change on water resource availability and
on major food crop production in the three ecologies of Nepal.
 Socio-cultural values and local institutions are relevant in climate change
adaptation to water resource management.

5. Literature Review

Rising average temperatures affect crop and livestock production by altering
insect-pests and diseases, soil metabolic processes, soil water content (Liverman, 2008;
Sinha, 1997), biotic and abiotic stresses, and altered soil nutrient cycling (Chaudhari and
Aryal, 2009; Schiermeier, 2008; Howden et al., 2007). The resulting changes in crop
yields, costs and revenues have consequences for income redistribution and livelihood
security of farming communities (Lettenmaier et al., 1994). Many, but not all studies
project negative consequences—some studies have shown positive impacts of climate
change in some ecosystems (Khanal, 2009; Malla, 2008; Polley, 2002). Increased CO2
concentration and higher temperatures can improve water-use efficiency of crops. Higher
temperatures favor higher biomass production (Polley, 2002) and increase the possibility
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of expanding and diversifying agriculture (Khanal, 2009) at higher altitudes. However, it
is hard to predict the physiological responses of crops to altitudinal differences
(Rosenzweig and Hillel, 1995). Some prominent research on climate risks and adaptation
measures taken in response to changing water resources are presented in table 1.

Table. 1 Climate risks and adaptation measures to water resources
Risks

Adaptation measures

References

Structural dykes, weirs, and other engineering

Kuntiyawichai et al. (2010); Hoa et

infrastructure

al. (2007)

Flood forecasting

Plate (2007)

Insurance: flood prone crops, property and lives

Smit and Skinner(2002); Naess et

Flood

al. (2005); Dawson et al. (2011)
Institutional arrangements and governance (local

Bastakoti et al.(2014)

communities and management right- use right)
Drought

Water resource management (reservoirs, seasonal

Turral et al. (2010); Rossi et al.

water harvest ponds and irrigation infrastructure)

(2005), Paudel et al. (2014)

Adapting improved water harvesting techniques

Ngigi et al. (2000)

and irrigation efficiency measures
Drought resistant cultivars

Fukai et al. (1999); Hall (2004);
Jongdee et al.(2006); Chhetri and
Easterling (2010)

Wet

Land use change (to maintain slope stability)

landslide

Collison et al. (2000); Crozier
(2010)

Intense

Site specific vegetation to maintain slope and

rain

infiltration

Wilkinson et al. (2002)

Spatial and temporal analysis is important for effective policy formulation related
to both adaptation to, and mitigation of, water resource vulnerability. The geographic
conditions and production specialization of regions are major factors explaining
economic vulnerability of a region’s residents (Porfir’ev, 2011); both are critically related
to water availability and water use. When faced with changing conditions, households,
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farms, businesses and communities must either accept the resulting loss of income,
wealth and security or take steps to reduce their effects by investing in adaptation
strategies now and reducing those anticipated losses in the future. Conceição and Zhang
(2010) frame this as a benefit-cost analysis in which avoiding future losses from climate
change are benefits while current incomes foregone to receive those future benefits are
costs. This sort of climate change analysis addresses the issues of trade-offs across
generations.

Despite the enormous potential and feasibility of developing water resources
(Pradhan et al., 2012; Eriksson et al., 2011; WESC, 2011), only a fraction of these water
resources are being utilized in some regions while in other regions (the Hill region
especially) there is a serious shortage of surface water and significant depletion of ground
water (especially in the plain region) (WECS, 2011). The uneven availability of water
resources has already started to impact the economy, biodiversity, environmental
amenities and agricultural sector. Social ethnic groups (Bote, Majhi and Tharu ) who
have traditionally relied on water bodies to harvest fish and other aquatic creatures to
sustain their life are facing substantial reductions in harvests and have largely shifted to
other jobs (Kafle and Dahal, 2014). Degraded water quality and sharp fluctuations in
river flows are clear evidence for these changes. At the same time, flooding during the
rainy season and drought in the winter and summer jeopardize smallholder agriculture. In
addition to drought, the flash-floods, landslides (long arid periods followed by intense
rainfall) and changing of river courses are prominent problems in the Hill region.
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Nepal is increasingly experiencing climate hazards that impact a large section of
the population and their economic bases (Table 2). Decreased snowfall leads to loss of
grazing capacity (Paudel et al. 2014; Khanal, 2009; Chaudhari and Aryal, 2009),
avalanches, glacier lake outbreaks and other disruptions to the normal livelihood of
mountain people (WESC, 2011).

Table 2. Climate hazards statistics in Nepal (1971-2011)
Events

No. of events

Affected Population

Flood

2,720

3,367,974

Drought

152

15120

Intense rain

187

62,431

Hail storm

597

197,843

Source: DesInventor Database, 2013
Access on Dec.10, 2014 at http://www.desinventar.net/DesInventar/main.jsp?countrycode=g13

Assessment of past and expected future precipitation patterns and their
vulnerability at different timescales is necessary to understand the impact of climate
change on hydrology (Menzel et al., 2006; Yaning et al., 2006), water resource
management (Risby and Entekhabi, 1996; Kabat and van Schaik, 2003), agriculture
(Darwin et al., 1995; Adams et al., 1998; Selvaraju, 2003), ﬂoods (Mirza et al., 1998;
Reynard et al.,1998; Miller et al., 2004), droughts (Vicente–Serrano and Lopez–Moreno,
2006), soil erosion (Valentin, 1996; Gregory et al., 1999), land use change (IPCC, 2001)
and groundwater (Sandstrom, 1995; Allen and Scibek, 2006).
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6. Conceptual Framework

Climate adaptation is a behavioral change designed to influence natural or human
systems in response to ongoing or expected climatic stimuli. The goal of adaptation is to
reduce expected cost and to enhance opportunities to capture benefits. Optimal adaptation
strategies vary in spatial and time dimensions. The interface of science and management
is crucial to ensure the sharing of information and learning related to effective adaptive
management of natural and built resources. The ability to capture information and gain
knowledge during periods of rapid change is the essence of adaptive capacity, which
accelerates the ability of a system to adjust to change and be resilient.
The adaptive capacities of the private and public sectors10 vary depending on their
objectives, and the working methods they use to lessen the consequences of climate
change. Nevertheless, the starting point is methodological individualism—analysis in
which the individual is the basic unit of analysis. People or organizations/institutions use
available resources and aptitudes to face adverse consequences that could lead to losses.
The strengthening of coping capacities of individuals, communities or organizations
usually builds resilience to withstand the effects of natural and human‐induced hazards
(UN/ISDR 2004).

10

Private sector adaptation (PSA): an effort/behavioral action implemented by households, individuals or

private enterprises. Individual’s rational self-interest is supposed to be a multivariate function (PA=f (attitude,
education, profession, location, HHs income, information access etc.). Whereas, public adaptation (PA) is initiated and
implemented by government at all levels to address collective needs. This is also multivariate and represented as: PA=f
(GDP, National Policy, International coop., community vulnerability, expected social return, market etc.)
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A plethora of research literature covers adaptation practices in a variety of sectors
(Howden et al. 2007; Smit and Skinner, 2002). Structural responses (such as strategies to
minimize the impact of flood and salinity intrusion) were found effective means to lessen
impacts of climate change in a river basin (Birkmann 2011; Mai et al. 2009). Turral et al.
(2010) identified structural measures feasible to deal with water scarcity as a result of
drought, including flood forecasting (Plate, 2007), drought-tolerant varieties ( Birkmann
et al. 2010; Chhetri and Easterling, 2010), and seasonal water harvesting (Smithers and
Blay-Palmer, 2001) are other approaches found to support farm level resiliency.

Adaptation options vary along space and time dimensions. Adaptations at the
local level have proven to be effective. Crop diversification (Bradshaw et al. 2004), and
on-farm water management (Anuchiracheeva and Pinkaew, 2009) are examples of
effective local water management practices. Chinvanno et al. (2008) emphasize the
importance of local institutions in coping strategies of farmers. A climate change and
adaptation study conducted in the Mekong river basin finds several effective adaptation
practices at the local level to deal with the perceived risks of drought, floods, and salinity
intrusion (Bastakoti et al., 2014). These practices involve autonomous adaptation
focusing on coping with short-term risks rather than on long term climate risks.
Adaptation measures include improving technical capacity of farming communities,
subsidized farm inputs, improved access to credit and marketing management. It is
important to understand the linkage between local and regional level adaptation strategies
in order to ensure positive responses by markets to adaptation actions.
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A household can engage in a large variety of adaptation actions. The basic
assumption regarding firm/farm behavior is that they will try to maximize their profits.
Farm revenue and costs are functions of n actions, R(a1,……..,an) and, C(a1,…..,an)
respectively. Thus, it is assumed that firms and households choose actions (a1,..….,an) so
as to maximize
R (a1,……,an) - C (a1,……..,an).

𝑀𝑎𝑥
𝑎1 ………….𝑎𝑛

𝜕 𝑅 (𝑎)
𝜕𝑎𝑖

=

𝑅(𝑎1 … … … … . . 𝑎𝑛 ) − 𝐶(𝑎1 … . . 𝑎𝑛 )

𝜕𝐶(𝑎)
𝜕𝑎𝑖

1

𝑖 = 1……𝑛

2

The firm’s profit function will be as follows:
𝛱 (𝑅, 𝐶) = 𝑀𝑎𝑥 𝑅𝑓(𝑋) − 𝐶𝑋

𝑎 𝑠ℎ𝑜𝑟𝑡 𝑟𝑢𝑛 𝑝𝑟𝑜𝑓𝑖𝑡 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛

or,
𝛱 (𝑃, 𝑊) = 𝑀𝑎𝑥 𝑃 𝑓(𝑋) − 𝑊𝑋

Where P, output price; W, input price and X is the vector of inputs. Then F.O.C. for the
single output profit maximization problem is

𝜕𝑓(𝑋 ∗ )
𝑃
= 𝑊𝑖
𝜕𝑋𝑖

𝑖 = 1…………….𝑛

This condition states that the value of marginal product (VMP) of each input must
be equal to its price during adaptation actions. The profit functions are monotonic,
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homogenous of degree one and convex in output price. The profit maximizing condition

Output

is shown in figure 1.

Π= PY-WX Input

Slope= W/P
𝛱/𝑃

Y = f(X)

Input
Fig. 1 Profit Maximization

The second order condition for profit maximization, namely that the second
derivative of the production function with respect to the input is nonpositive (less than or
equal to zero) is:

𝑑 2 𝑓(𝑥 ∗ )
𝑑𝑥 2

≤0

This condition implies that at a point of maximal profit the production function
must lie below its tangent line and appears as “locally concave”. When the benefits
derived from an adaptation strategy outweigh the incurred costs, this adaptation increases
social welfare and augments societal resiliency in the long-run.
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7. Analyzing Farmers’ Adaptation Approach
We assume that given changing climate, farmers will have an incentive to alter
the use of their resources, in particular, to alter land use by choosing which crops to be
grown and the timing and frequency of irrigation of these crops. Adaptation behavior is
affected by the nature of the decision maker and various other exogenous variables. The
behavioral options can be dichotomous or polychotomous. For our case, we will view the
choice as a binary response (innovative adaptation or no change) and run logistic
regression models to identify the most important variables influencing the choices made.

Individual agents (farmer and household heads) must choose between taking an
adaptive action and not taking that action. For example, they may be faced with the
decision whether or not to install a water-harvest tank during rainy season to use during
the off-season (winter). In the binary [𝐴𝑖 ∈ {0,1}] choice case, the objective is to estimate
probability that the decision maker will choose change or not.

The probability of choosing change can be modelled using a logit model (Feder et
al. 1985; Isham 2002; Foltz 2003). The logit11 model diagnoses the factors that condition
the adaptation action (decision) under a changing environment in different ecological
strata of Nepal.

11

In essence, both logit and probit model take the linear model and feed it through a function to

̂ = ⨍(𝛽0 + 𝛽𝑛 𝑍𝑛 ). Probit assumes cumulative distribution function of
yield a nonlinear relationship (𝐴
the standard normal distribution while logit assumes cumulative distribution function of the logistic
distribution to define ⨍(. ) (Agresti, 2007).
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Let A* be the unobserved adaptation decision, and A be the observed choice of an
agent. Then the logit model can be defined as,

𝐴∗ = 𝑍 ′ 𝛽 + 𝑢

3

1, 𝑖𝑓 𝐴∗ > 0
𝐴={
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

4

Where Z is a vector of exogenous variables; β is the vector of parameters;
and 𝑢~𝑁(0, 𝜎 2 ).
Logit models assume that the agent’s decision is a function of latent variables, and
the adaptation decision is observed only when the latent variable exceeds the threshold
value. The latent variable is hypothesized to be a function of household and farm (water
resource and agricultural) characteristics. The coefficients observed in the model
(Equation 3) are not marginal effects12 for continuous variables. The marginal effects in
this model are derived as;

12

The slope coefficient measures the change in the average value of the regressand for a unit

change in the value of the regressor in linear regression models, ceteris paribus. In the logit
model, the slope coefficient gives the change in the log of the odds associated with a unit
change in that variable. In probit, the rate of change in the probability is somewhat complicated
and given by 𝛽𝑗 𝑓(𝑅𝑖 ), where 𝑓(𝑅𝑖 ) is the density function of the standard normal variable and
𝑅𝑖 = 𝛽1 + 𝛽2 𝑍2𝑖 + 𝛽3 𝑍3𝑖 + ⋯ … … … . . +𝛽𝑛 𝑍𝑛𝑖 , is the model used in this analysis. Thus probit
and logit models look like similar (though not identical) in the sense that all the regressors are
involved in computing the changes in probability (Gujarati, 2004. PP: 625). Hence, the
interpretation of the coefficient is different.
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1
𝜕𝑃̂ (𝐴= )
𝑍

𝜕𝑍𝑖

= ɸ(𝑍 ′ 𝛽)𝛽𝑖

5

Where ɸ(𝑍 ′ 𝛽) is the standard normal density function. The partial marginal
effect for any dummy variable 𝑍𝑛 changing from 0 to 1, ceteris paribus, is defined as;

Φ(∑𝑗≠𝑛 𝑍𝑗 𝛽𝑗 + 𝛽𝑛 ) − Φ(∑𝑗≠𝑛 𝑍𝑗 𝛽𝑗 )

6

Where 𝛷(𝑍 ′ 𝛽) is the standard normal cumulative distribution function of the
logistic distribution (Green, 2011; Gujarati, 2004).

In the logit model, the independent variables are gender of the household head
(farm manager), age of the household head, literacy of the household head, farm size,
farm income, market access, extension service, credit access, market distance and
migration. We expect that males are more willing to adopt the changes in farming
practices. An educated farm manager with more years of farming experience would
prefer adaptation strategies because of his skills in organizing farm inputs/outputs and
learning capacity. Larger households may have more members to work in the farm and
would not have shortage of farm labor. If a famer is contemplating migration, he would
not invest in agricultural capital development (land improvement, machinery purchase,
irrigation canal construction etc.) and would pay less attention to the adaptation
strategies. Farms who have better access to a market center will procure agricultural
inputs and able to sell their products on time. We would expect them to have more
incentive and better information needed to adapt. The distance between the farm and
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market center is another factor in determining farm revenue. Long distances mean high
transportation costs and the possibility of higher marketing loss (fresh products damage).
This will reduce the farmer’s incentive to invest in adaptations. We expect that access to
extension services will provide farmers with the information and technical assistance they
need to make adaptations. Those farmers with more access to credit have a smaller
financial barrier to investing in adaptation technologies.

8. Results and Discussions
8.1. Descrpitve Statistics

The survey data indicated that about 20% of respondents are illiterate in the study
regions. The highest rates of illiteracy (24.6 %) were in the Hill region which was
followed by the Terai region (21.33%) and the Mountain region (12.6%). About 50% of
respondents in all regions have at least some education above high school. The level of
economically active population (age group: 16≥59 year) are about 72%, 70% and 72% in
the Mountain, Hill and Terai regions respectively. This is an indicator that the residents
of this region may be successful at adopting adaptation strategies.

The three dominant soil types are sandy loam, silt and sand. Fourteen percent of
respondents in the Terai region have completely sandy land which was created by a
devastating flood a decade ago. Likewise, 15% of households have clay loam soil in the
Mountain region. The average percentage of sandy-loam, silt and sand holders in the
Mountain region are 95%, less than 1% and 5%, in the Hill region 98%, 1.5% and 1%
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and in the Terai region 77%, 1% and 22% respectively. Focus group discussions (FGD)
with senior citizens reveal that the desertification process is increasing. Repeated
flooding has been a significant cause for land degradation (sand deposition).

Table 3. Descriptive statistics of survey parameters for the study regions
Average of variables

Mountain (n=150)

Hill (n=150)

Terai (n=150)

Household size

5.06(0.78)

5.05(0.95)

5.06(0.78)

Farm size

15.69(6.88)

12.6(5.31)

25.34(15.9)

River

3.06(1.9)

2.81(2.11)

4.82(3.96)

Creek

0.82(0.48)

0.52(0.33)

0.93(0.8)

Crops

61.2 (73.4)

51.63(68.54)

121.54(115.3)

Livestock

58.3(19.48)

53.45(26.63)

90.62(35)

Household

53.85(13.2)

66.46(36.36)

87.23(26.49)

Crop/Livestock

0.10(0.29)

0.21(0.12)

0.1(0.09)

Household

0.21(0.30)

0.26(0.15)

0.11(0.1)

Agricultural water

1.6(1.26)

0.51(0.28)

1.13(0.85)

Household water

0.69(0.35)

0.19(0.15)

0.019(0.018)

6.97(2.46)

5.41(4.45)

5.96(1.83)

Distant from river basin

Water used

Water cost

Distant to water sources

Livestock herd size

Source: Field survey, 2015. Values in the parentheses indicate standard deviation (SD)

Fragmented and terraced land in the Mountain and Hill regions are constraints on
adopting mechanized farming. Investment to develop climate change resiliency in
agriculture to boost agrarian livelihood has been very limited to date in the regions. This
has led to low productivity and reduced household food availability. Only 52% of the
respondents in the study area have year round food security whereas 10% have less than
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three months of food security from the on-farm activities. More than 75% of respondents
in all regions reported declining numbers of the local breed of livestock. The average
farm size is 15.69, 12.6 and 25.34 ropani in Mountain, Hill and Terai regions
respectively. Average livestock holdings are 6.9, 5.4 and 5.9 animals in the Mountain,
Hill and Terai regions respectively (Table 3). Discussion with residents of the region
reveals that in a decade livestock holding has decreased by about 60%. The reasons are
degrading pasture, forest degradation, water source collapse and tropical forest clearance.

The survey results indicate differences in cropping intensity between farmers who
are involved in adaptation practices designed to manage agricultural water and agronomic
practices in all regions, and those who have not adapted (Table 4). Current period benefitcost ratio calculated between non-adaptive and adaptive agricultural farms is presented in
Table 5. Benefit cost ratios of adaptive farms in Mountain and Hill are about twice the
ratio calculated for non-adaptive farms. Focus group discussion revealed that farmers
started adaptation measures very recently (past 3-4 years).

Table 4. Cropping intensity between the adaptive and non-adaptive farming systems
Situations

Mountain

Hill

Terai

Adaptation to water resources

1.62

1.98

2.75

Nonadaptation to water resources

1.24

1.6

1.72

Source: Field Survey 2015 and FGD, 2015

Both agricultural and household water management have been increasingly time
consuming activities. The increasing time required to manage water in the Mountain and
Hill regions is due to sharp reduction in water availability in winter and summer seasons
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in the creeks, and declining output of natural springs which are the primary sources of
water for agricultural and household uses respectively. One response has been the
formation of community water user groups (CWUG). CWUG are a mechanism for cost
sharing projects designed to protect water sources (especially natural springs) and to
prevent seepage and spills, and to distribute water via plastic pipe to individual
households or to central points, accessible to all CWUG members.

Table 5. Economic indicators (mean value) between non-adaptive and adaptive farming
Indicators

Mountain
Non-

Hill
Adaptive

adaptive

Non-

Terai
Adaptive

adaptive

Non-

Adaptive

adaptive

Gross Margin

4.66

71.72

3.16

34.3

39.51

60.61

(Rs. ‘000)

(3.76)

(56.93)

(2.8)

(14.82)

(40.03)

(44.87)

B/C ratio13

1.13(1.42)

2.73(1.46)

1.11(0.9)

2.11(2)

1.78(1.83)

2.02(1.9)

(Income to
cost ratio)
Source: Field survey 2015. Values in the parentheses indicate standard deviation (SD)

In the Mountain region, 100% of respondents are experiencing increasing time to
manage water for both agricultural and household use. The time requirement has
increased by 10.89%, 12.77% and 11.42% over the last 10 to 15 years in the Mountain,
Hill and Terai regions respectively.

13

This is not a discounted benefit cost ratio. Dealing with annual crops, there is no need to discount as

the discounting factor will be one. Therefore, in such cases, 𝐵𝐶𝑅 = 𝑔𝑟𝑜𝑠𝑠 𝑖𝑛𝑐𝑜𝑚𝑒 ⁄𝑐𝑜𝑠𝑡 . Gross income
=(quantity of main products *price of the products)+ (quantity of byproducts* price of byproducts) and
Cost = expenses incurred for agronomic operations in terms of labor and farm machinery operation, and
farm inputs (seed, fertilizers, irrigation, plant protection measures and farm yard manure ) cost.
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On average, respondents in the Mountain, Hill and Terai regions are willing to
pay 78.24%, 62.24% and 76.33% more than the base price of water. It is important to
note that people are willing to pay a much higher percentage more for clean drinking
water as compared to agricultural water. Residents of the Mountain region suffer because
of remoteness and scattered water sources such as natural springs and small rivulets.
Residents of the Hill region are constrained by lower water levels in creeks and natural
springs, disappearing springs due to deforestation and the infeasibility of lifting the water
from rivers into the high hills. The Terai region is severely impacted by upstream forest
degradation, landslides and unusual rainy-season flooding. This makes surface water
unsafe to use under existing conditions. A majority of the poor, socio-culturally
oppressed ethnic community and marginal farm families reside in the river basin or
immediately adjacent to the catchment areas. They are unable to invest for water
treatment and other facilities to renovate water sources.

Only 14% of respondents from the Terai region have installed irrigation pumps to
water cereal crops and vegetables (mostly beans). No one has irrigation pumps in the
Mountain and Hill regions. To date, there is no ground water provision in the Mountain
and Hill regions whereas 100% of respondents in the Terai region use ground water for
livestock and in-house activities. Irrigation water in the Terai region includes both
surface and ground water. In the study region, about a third (34%) of respondents uses
ground water for crop production. Ground water consumption in the Terai region is
increasing due to migration from the Hill and Mountain regions, urbanization and
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increasing population density. Respondents’ experience, as well as study data, reveal that
livestock is a profitable venture in the Terai region because of better market access and a
conducive environment for livestock rearing. Cattle (milching) are the dominant animal
kept to support households. Due to the tropical climate, these animals require more water
than those in the Hill and Mountain regions. Meeting in-house and livestock water
requirements is critical to the small holder’s livelihood. Water allocation between crop
production and livestock is based on the expected net returns from these competitive
sectors. As market and water resource availability change, farmers change their use of
water for production of off-season vegetable and some specific crops (kidney beans at
present). These types of decisions are examples of place specific local-knowledge-based
adaptation practices, which, when effective can lead to greater water resource resiliency.

Ground water users are very diverse. Households, who have pumps and access to
deep drilling equipment, are able to withdraw much more ground water than those having
only natural wells, cemented wells and shallow tube wells. On the basis of the key
informant survey and data from the field survey we conclude that ground water extraction
is increasing in aggregate, but decreasing for small holders, ultra-marginal households,
the landless and memebers of lower caste (untouchables).
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Table 6. Frequency distribution of respondent’s perception of future water availability
Perception on meeting future

Mountain

Hill

Terai

Total

Hard to meet

28(18.67)

55(36.67)

50(33.33)

133(29.56)

Possible to meet

122(81.33)

85(56.67)

100(66.67)

307(68.22)

Impossible to meet

0(0)

10(6.67)

0(0)

10(2.22)

demand

Source: Field Survey 2015. Values in the parentheses indicate standard deviation (SD)

Our survey indicates that no one in the Mountain and Terai regions, and only
6.67% of those in the Hill region believed it would be impossible to meet future water
demand. However, it is notable that more than 50% of respondents in the Hill and Terai
regions believe that it will be hard to meet the demand for agriculture and household
water (Table 6). From the focus groups and the key informant surveys in each region, the
following opinion has been collected (Box 1).
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Box 1: Opinions of the respondents
People in the mountain region don’t think water scarcity will be a serious issue in the near future even if recent climate change trends
continue. Government investment in new dams and mechanisms to assure an equitable distribution of water is required. Farmers in all
regions fear the consequences of awarding private licenses for hydropower development. They believe this would reduce the surface
water availability to agriculture. Collective action to conserve natural springs would only sustain life for another 2-3 decades. Steady
outmigration from the upper hill and mountain regions will eventually reduce water demand in these regions. However, the lower Hill
and Terai regions will not be able to sustain higher water demand. Most farmers prefer cash crops such as medicinal and aromatic
plants and temperate fruits (apple, plum, etc.) to cereal crops. These products would demand significantly less water but offer lucrative
income. They conclude that access to markets and an effective market information system are important means to respond to climate
change impacts on water resource by leading to appropriate farming system change. In the Hill region, discussants in the focus groups
emphasized behavioral change such as adopting collective management of water resources, more efficient in-house water use, rain
water harvesting, drip irrigation, water source protection, etc. Afforestation, reforestation, cover cropping and avoiding pollution of
the riverine system are urgently needed actions to develop greater resiliency of water resource dependent livelihoods. There is clear
competition for water amongst households, agriculture and the hydropower sector. It is believed that licensing individual firms and
private to generate hydropower and produce retail bottled water sometimes jeopardizes the water rights of up-stream and downstream
communities. This would create conflict in the political and economic scale. Residents of the Terai region believe the situation is
serious. If government enforces strong rules regarding natural resource conservation, especially forest and riverine systems, the
situation could improve. Recent increases in industrial waste disposal in rivers and streams are a major problem. Aquatic biodiversity
is decreasing very sharply. The frequency of flooding is increasing. Deforestation and increased flooding (intense raining after
prolonged drought) is accelerating desertification in southern region of the Terai region. Siltation has been a problem in the flat land
near the river banks. Despite these issues, respondents believe that agricultural water management in the Terai region is possible and
economically feasible. Irrigation canal construction is feasible and best solution to combat water stress in the Terai region. This
strategy could at least double the current level of crop yields, ceteris paribus. In the near future, government must install surface water
treatment plants to supply drinking water. Ground water levels are falling. In 10-15 years, elderly people have experienced at least 3 to
7 meter reductions in the water table. Poor and marginally poor people cannot invest for deep wells and must rely on rarely excavated
wells or shallow tube-well. Many lower caste families are without clean drinking water for days at a time, and must drink unsafe
surface water, resulting in diarrhea and tropical diseases (worms for example). This is a culturally ingrained bias and injustice. There
is fairly high possibility of future violence in the community. Strategies proposed to ensure more sustainable water resources include:
less reliance on ground water; forest protection to allow regular ground water recharge; reestablishment of tropical forests along the
riverbank; prohibiting dumping of industrial waste and garbage in the river; mulching to keeps top soil wet for longer periods;
increasing minimum or zero tillage to reduce evaporation, and maximize proportion of rainfall and minimize water loss such as runoff,
drainage, seepage, evaporation and weed control.
Source: 13 participants, age range: 31-79. FGD, 2015
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Respondents were asked to choose from a list of policies that they believed would
create sustainable water availability and greater water resiliency (recorded in “Check all
that apply” format). We found that 100% of respondents in the Mountain region
preferred collective water management while no respondents preferred private action
(Table 7). The ethnic and lower caste section of the population expects public provision
of water resource management. However, based on in-depth discussion with members of
the community, they would prefer to manage resource allocation in the small groups
within their own community (same caste). This suggests that there is tenuous societal
cohesion and a weak degree of confidence in large groups.

Table 7. Feasible approaches to water resource management in the study regions
Approaches

Mountain

Hill

Terai

Total

Collective

150(100)

108(72)

128(85.33)

386(85.78)

Private

0(0)

30(20)

43(28.67)

73(16.22)

Public

78(52)

87(58)

63(42)

228(50.67)

PPP

65(43.33)

68(45.33)

95(63.33)

228(50.67)

Source: Field Survey 2015. Values in the parentheses indicate percentage

About 24% of respondents in the Mountain region experienced increased water
availability over the period of 10-15 years especially during late winter through summer.
This has been mainly due to increased temperature and glacier retreat. Another reason for
increased water availability in the Mountain region are ongoing cropping pattern change
(from cereals to non-timber forest products) and decreasing population density due to
migration. Farmers cannot reckon exact temperature trend but intuitively observe and
make reference to temperature fluctuations. Farmers collect climate change evidence by
observing deciduous plant blossoms, crop maturation, animal estrus-cycle and bird
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migration. In addition, phenomena such as lower humidity, ants in creeks and natural
springs, drying up of natural springs and reduced numbers of earthworm are direct
experiences of farmers that indicate to them that climate change is having an impact on
their livelihood. This emphasizes the importance of local and indigenous knowledge as
inputs in designing place-based adaptation plans.

Irrigation water primarily comes from the natural seasonal precipitation (green
water14) and blue water15. However, the quality of irrigation water is a function of
embodied water quality itself, the quality of water delivery route (canal) and other unseen
external factors. No one in the Hill region reported that irrigation water quality had
improved over the last 10 to 15 years. The response to this question of increasing water
quality was very low (6%) in the Mountain region and 14% in the Terai region.

8.2. Climate Change and Observed Changes in Precipitation, Wind and
Temperature

All ecological regions in the study area have been experiencing climate change
impacts on water resources, forests and farming systems. Of the total, 91.33%, 89.33%
and 86% of respondents in the Terai, Mountain and Hill regions, respectively have heard
of, and personally felt negative impacts of climate change in their surroundings and
livelihoods. In total, 88.22% of respondents noticed less rain over the previous 10 to 15
14

The precipitation on land that does not run off or recharge the groundwater but is stored in the soil or
temporarily stays on top of the soil or vegetation. Source: http://waterfootprint.org/en/waterfootprint/glossary/#BW
15
Fresh surface and groundwater, in other words, the water in freshwater lakes, rivers and aquifers.
Source: http://waterfootprint.org/en/water-footprint/glossary/#BW
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years (Table 8). Respondents reported they are experiencing increasingly erratic and
intense rainfall as compared to a decade back. Temperatures in the regions are increasing.
All respondents in the Terai region reported increased temperatures. People also reported
stronger winds in the Hill and Mountain regions. The combined effects of higher winds,
erratic rainfall and higher temperature are serious threats to people’s traditional
livelihoods.
Table 8. Frequency distribution of reported changes in rainfall patterns
Change in rainfall

Mountain

Hill

Terai

Total

Less

143(95.33)

128(85.33)

126(84)

397(88.22)

More

0(0)

0(0)

0(0)

0(0)

Erratic

5(3.3)

16(10.67)

13(8.67)

34(7.56)

Intense

2(1.33)

6(4)

11(7.33)

19(4.22)

Source: Field Survey 2015. Values in the parentheses indicate percentage

However, in a question about potential benefits of increased temperature if any,
15.33% of respondents in the Mountain region, most of whom reside in the northern face
in of the Mountain terraces, reported that since they are exposed to just a few hours of
sunshine each day, are benefited by increasing temperatures. Farmers reported the
following advantages and disadvantages of increased temperature in their region (Table
9). In some places more rainfall is occurring during post-monsoon and rainy periods
which lead to flash floods in the Hill region and severe flooding in the Terai region. In
aggregate, rainfall is decreasing.
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Table 9. Advantages and disadvantages of increased temperatures
Advantages


Disadvantages


Crop production increased by

20-25%


More insect-pests prevalence,

mosquitos in summer.


Reduced need to melt ice using

Foot and Mouth disease

firewood in summer. That saved about

(FMD) outbreak in goat and sheep

Rs. 2000/year





plants (MAP) such as Yarsagumba

Vegetable production and

Some medicinal and aromatic

consumption increased worth Rs.4200

(Ophiocordyceps sinensis) are now

per year compared to 5 to 7 years ago.

extinct.


Gradual reduction in floral

diversity.


Early blossoming of

Rhododendron and hence degraded
flavor of its sorbet++.
Source: FGD, 2015
++ Rhododendron sorbet has been produced and marketed for more than a decade in local
settings without any modern technical knowledge. It is a local resource based small-scale
microenterprise activity in the Mountainous areas of far western and the central region of Nepal.

8.3. Water Level Change in Creeks/Rivulets

All respondents in the Hill and Terai regions, and 90% of respondents in the
Mountain region reported that water had decreased in creeks. Reported water level
reductions in creeks/rivulets in the three regions are presented in Table 10. The other two
choices—no water loss, and increase in the creeks over the period of time—were found
void.
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Table 10. Respondent’s observation regarding water loss in creeks over the previous 5 to 7 years
% loss of water

Mountain

Hill

Terai

Total

50 %

89(59.33)

4(2.67)

11(7.33)

104(23.11)

75%

54(36)

113(75.33)

109(72.67)

276(61.33)

100%

7(4.66)

33(22)

30(20)

70(15.55)

Source: Field Survey 2015. Values in the parentheses indicate percentage

8.4. Economic Impacts of Landslides and Floods

About 65% of respondents have experienced flooding in the study area. The
highest incidence of flooding (86.67%) was experienced by residents of the Terai region
followed by 77% and 36% in the Hill and Mountain regions respectively. Landslides in
the Mountain and Hill regions and floods in the Hill and Terai regions cause permanent
loss of terraced land, siltation of reservoirs and water stagnation. Temporary loss of use
of land (because of flooding and/or less severe damage to terraces) could be restored but
seems costly in some cases. Respondents reported, permanent and temporary land loss
due to extreme climate events (flood, flash flood, intense rain, dry-landslide and wetlandslide) is increasing remarkably in the regions.The focus groups revealed that the
number of events and magnitude of arable land loss has increased by 7.5% and 5%
annually, respectively. This may leads to significant economic loss in the region and is
especially costly to the small holders who lack resources to recover and upgrade their
land. Permanent land loss in the Terai region is due to flooding during the rainy season
from the Koshi River and its auxiliary rivulets while landslides are the main cause of land
loss in the Mountain and Hill areas. Permanent land loss in the Mountain, Hill and Terai
regions were reported to be 23.33%, 9.33% and 42.0% respectively.
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No one in the Mountain region reported any losses due to excessive precipitation
but 12.0% of respondents in the Terai region and 23.33% of respondents in the Hill
region reported on-farm economic losses due to intense precipitation over the previous 10
to 15 years. High temperature and drought are seemingly interrelated in the Terai region
and to some extent in the Hill region. However, residents of the Mountain region reported
extremely cool weather coupled with drought. Respondents reported both dry and wet
landslides. Monetary estimations of economic losses due to droughts, excess
precipitation, floods and landslides are presented in table 11.

Table 11. Average on-farm economic losses from the consequences of climate change (NRs.
‘000/family) during the previous 5 to 7 years
Climate change effect

Average economic loss (NRs/Year)
Mountain

Hill

Terai

Total

Rank

Over precipitation

0(0)

0.25(0.65)

0.23(0.86)

0.16(0.63)

4

Drought

4.78(5.09)

4.95(2.3)

8.03(6.7)

5.93(6.13)

1

High temperature

0.41(1.02)

0.6(0.82)

1.04(0.97)

0.69(0.97)

3

Flood++

1.13(2.29)

0.45(0.97)

4.14(8.23)

1.91(5.2)

2

Landslide

0.1(0.27)

0.32(0.63)

0(0)

0.14(0.41)

5

Total

6.44(4.51)

6.56(2.92)

13.45(7.51)

8.82(6.25)

Source: Field Survey 2015. Values in the parentheses indicate standard deviation (SD)
++ In the high hills and mountains, flooding is mostly in the form of flash floods

8.5. Climate Change Adaptation and Land Use Pattern Change

One third of respondents in the Mountain region and about 50% in the Hill and
Terai regions are either adapting to climate change impacts or are experiencing some
degree of benefits from climate change. Table 12 records the number and proportion of
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respondents who have adopted any of the adaptation measures to develop farming system
resiliency related to water resources. Until recently, drought resistant varieties were either
unavailable publicly or were unsuitable in the given physiographic characteristics of the
region.

Table 12. Adaptation measures in study regions
Adaptation measures

Mountain

Hill

Terai

Total

Rank

Planting time adjustment

20(13.33)

33(22)

51(34)

104(23.11)

3

Varietal selection

50(33.33)

39(26)

71(47.33)

160(35.55)

1

Less water technology

25(16.66)

38(25.33)

61(40.66)

124(27.55)

2

Drought resistant variety

0(0)

2(1.33)

0(0)

2(0.44)

4

Source: Filed Survey 2015. Values in the parentheses indicate percentage

In the study areas, 62.22% of respondents have not adopted any measures to adapt
to climate change. Reasons for not adopting any measures are presented in Table 20.
About 69% of respondents reported that if they had had the government extension
services in the community, they would have known about required farm inputs and their
costs, and had an output market perspective. This would help farmers decide to adopt
resiliency measures. Respondents reported lack of extension services, high input costs,
and lack of reliable farm inputs as the three major reasons for not adopting resiliency
measures (Table 13). Education, household economy, remoteness and lack of government
extension services are factors explaining the respondents’ level of self-confidence.
Farmers have multiple reasons why they have not adopted new technology to respond to
changing climate.
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Table 13. Reasons for not adopting resiliency measures
Reasons

Mountain

Hill

Terai

Total

Ranks

High cost

50(33.33)

83(55.33)

51(34)

184(40.88)

2

Uncertain output market

15(10)

25(16.66)

9(6)

49(10.88)

5

Lack of inputs

100(66.66)

42(28)

39(26)

181(40.22)

3

Lack of extension services

100(66.66)

129(86)

79(52.66)

308(68.44)

1

Lack of self confidence

0(0)

34(22.66)

24(16)

58(12.88)

4

Source: Field Survey 2015. Values in the parentheses indicate percentage

Table 14. Reasons of land use pattern change
Reasons

Mountain

Hill

Terai

Total

Ranks

Prevalence of

19(12.67)

23(15.33)

5(3.33)

47(10.44)

V

Reduced water level

60(40)

64(42.67)

110(73.33)

234(52)

I

Increased water level

27(18)

0(0)

40(26.66)

67(14.89)

IV

Decreased productivity

45(30)

61(40.67)

54(36)

160(35.56)

II

New profit venture**

70(46.67)

38(25.33)

10(6.66)

118(26.22)

III

pest/disease

Source: Field Survey 2015. Values in the parentheses indicate percentage
** Domestication of medicinal and aromatic plants, off-season vegetable production, and other
market led production

The survey results show the changes in land use and land cover in Koshi River
Basin. These changes in land use and land cover have caused both positive and negative
impacts on the livelihood of residents and on the region’s environment. Environmental
problems such as soil erosion, sand cover, and siltation of reservoirs, river bank erosion
and inundation of lowland areas are visible. Over the previous 10 to 15 years,
approximately 71% of respondents have changed their land use patterns. The underlying
reasons behind land use/land cover change are presented in the Table 14. More than half
of the respondents (52%) changed their land use due to reduced water level.
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8.6. Institutional Involvement and Preferred Adaptation Approach

Current extension services provide assistance related only to farming practices
such as land preparation, seed rate, fertilizer and crop protection. There are no extension
programs related to climate change information, adaptation practices and water resource
management. Similarly, the forest and soil conservation department of the Nepal
government has no specific programs to address the climate, water and forest nexus. One
recent program called crop diversification provides some government support for
combating complete crop failure. Some respondents, 6.66% in the Mountain region,
19.33% in the Hill region and 13.33% in the Terai region, have received support under
this program.

Access to credit and electricity enhance peoples’ capacity for adaptation and
mitigation actions in response to environmental changes in water resources. Farmers
report that credit and electricity increases the efficiency of production through better
post-harvest management of crops. For example, uninterrupted electricity allows the use
of water pumps. However, one-third of the respondents do not have access to power.
Similarly only around 60% of respondents have access to formal credit. Those without
access to formal credit must rely on informal financial institutions such as landlords, and
creditors who charge exorbitantly high interest rates (as high as 40% per annum). Credit
constraint limits investments in agriculture especially among smallholders and members
of marginalized ethnic communities.
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About 30% of respondents prefer small group approaches to implementation of
adaptation strategies in agricultural water management, followed by individual
approaches (22.88%) and community action (22.66%) (Table 15). The preference for
small group approaches is due to the heterogeneous caste system. Public approaches to
the problem, were least favored by residents of the Mountain regions because of high
transaction costs, and in Terai due to acute poverty in certain disadvantaged communities.
All respondents indicated an interest in adopting feasible measures to improve their
agrarian based livelihoods. Credit availability from formal financial institutions,
improved market access (i.e. better market information services, road, public
transportation, etc.) and subsidized farm-inputs were listed as the top three support
measures to enhance adaptation actions in the study region (Table 16). A majority of poor
respondents preferred farm-input subsidies rather than better market access. This group is
not as concerned about output markets since they are more reliant on agriculture for
subsistence and because of they are often food secure less than six months of the year.

Table 15. Preferred adaptation approaches (agricultural water)
Approaches

Mountain

Hill

Terai

Total

Rank

Individual

29(19.33)

34(22.66)

40(26.66)

103(22.88)

2

Small group

34(22.66)

44(29.33)

55(36.66)

133(29.55)

1

Community

39(26)

49(32.66)

14(9.33)

102(22.66)

3

Public

39(26)

11(7.33)

34(22.66)

84(18.66)

4

Public-Private partnership

9(6)

12(8)

7(4.66)

28(6.22)

5

Source: Field Survey 2015. Values in the parentheses indicate percentage
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Table 16. Preferred measures to support effective adaptation
Supports

Mountain

Hill

Terai

Rank

Better market access

40(26.66)

44(29.33)

13(8.66)

97(21.55)

2

Extension services

34(26.66)

28(18.66)

24(16)

86(19.11)

4

Human skills/trainings

18(12)

14(9.33)

32(21.33)

64(14.22)

5

Input subsidies

22(14.66)

12(8)

56(37.33)

90(20)

3

Credit with low interest

36(24)

52(34.66)

25(16.66)

113(25.11)

1

Source: Field Survey 2015. Values in the parentheses indicate percentage

8.7. Factors Affecting Adaptation Decision to Water Resources in Agriculture

The logistics regression results suggest that in the Mountain region, farm income,
better market access, access to extension services, plans to migrate, and distance from the
market are statistically significant predictors of adaption activity at the 5% significance
level. Specifically, individuals with higher incomes, and individuals living farther from
the closest market are more likely to undertake adaptive actions in regards to water
resource management in agriculture. (Table 17). The age of respondents, their literacy,
family size, farm size, and access to credit had no significant effect on people’s decision
to undertake adaptive strategies.
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Table. 17 Binary logit analysis of decision to adopt adaptation measures in the Mountain region
(n=150)
Variables

Marginal effects16 at the

Odds ratio

SE

P>|z|

mean (MEM): ∂y⁄∂x
Gender

-0.0509

0.7455916

0.49109

0.656

Age

0.0016

1.009296

0.03684

0.800

Literacy

-0.0528

0.7374561

0.68532

0.743

Household size

-0.00934

0.9475988

0.32237

0.874

Farm size

-0.00032

0.998123

0.04011

0.963

Farm income

0.000012

1.000069

0.00001

0.000

Market access

-0.1979

0.319855

0.08408

0.000

Extension service

-0.5090

0.0470197

-3.32

0.009

Contemplating

-0.3751

0.1152766

0.08960

0.005

Credit access

0.0970

1.748242

0.88769

0.271

Market distance

0.1884

2.959776

0.76566

0.000

0.0011308

0.00363

0.035

migration

Constant
Log likelihood = -55.848062
Pseudo R2 = 0.4151
Source: Field survey, 2015. STATA 13.0 output

Results from the Hill region of Nepal show that male respondents were more than
six times more likely to undertake adaptive measures than female respondents, and the
result is statistically significant at the 95% confidence level (Table 18). Likewise, those
with higher farm income, access to extension services, and those living closer to market
places were found to be more concerned about adaptive water resource management, and

16

Marginal Effect, Zk = Pr(Y = 1|Z, Zk = 1) – Pr(y=1|Z, Zk = 0) is used for categorical variables. Put
another way, for a continuous variable Xk, Marginal Effect of Zk = limit [Pr(Y = 1|Z, Zk+Δ) –
Pr(y=1|Z, Zk)] / Δ ] as Δ gets closer and closer to 0.
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all the results are statistically different than zero. Again age, literacy, willingness to
migrate, family size, farm size and access to market had no significant effect.

Table. 18 Binary logit analysis of decision to adopt adaptation measures in the Hill region
(n=150)
Variables

Marginal effects at the

Odds ratio

SE

P>|z|

mean (MEM):∂y⁄∂x
Gender

0.3627

6.268775

5.47051

0.035

Age

0.0053

1.027606

0.04094

0.494

Literacy

0.1331

1.962

1.69030

0.434

Household size

-0.0548

0.7576776

0.23116

0.363

Farm size

-0.0272

0.8709959

0.08011

0.133

Farm income

0.00002

1.000112

0.00002

0.000

Market access

-0.00236

0.9881067

0.28780

0.967

Extension service

-0.3802

0.1459837

0.09377

0.003

Contemplating migration

0.0381

1.212754

0.12387

0.059

Credit access

0.0781

0.0067112

0.01560

0.031

Market distance

0.0641

6.268775

5.47051

0.035

1.027606

0.04094

0.494

Constant
Log likelihood = -47.542746
Pseudo R2 = 0.4983
Source: Field survey, 2015. STATA 13.0 output

The results for the Terai region also give us some interesting results. Here, the
farm size, extension services and distance to nearest market had statistically significant
effects on the decision to adapt. Individuals with larger farms are less worried about
adaptive measures, as are people with easier access to market, greater distance from the
market, and for those with easy access to extension services. Variables with results that
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are statistically indistinguishable from zero include gender, age, income, willingness to
migrate, access to credit, and farm size (Table 19).

Table. 19 Binary logit analysis of decision to adopt adaptation measures in the Terai region
(n=150)
Variables

Marginal effects at the

Odds ratio

SE

P>|z|

mean (MEM):∂y⁄∂x
Gender

0.1880

3.755763

3.66366

0.175

Age

0.0022

1.016309

0.06096

0.787

Literacy

1.6189

88457.76

1464782

0.492

Household size

0.1589

3.059242

1.87493

0.068

Farm size

-0.0183

0.8787802

0.04116

0.006

Farm income

-0.0000037

1.000027

0.00001

0.126

Market access

-0.3734

0.0722422

0.05305

0.000

Extension service

-0.3094

0.1133275

0.13179

0.0015

Contemplating migration

0.0032

1.02287

0.88585

0.979

Credit access

0.1194

2.317526

2.76966

0.482

Market distance

-0.2429

0.1809904

0.10413

0.003

250.7866

4305.37

0.748

Constant

Log likelihood = -52.890026
Pseudo R2 = 0.4633
Source: Field survey, 2015. STATA 13.0 output

9. Essay Summary and Policy Recommendations

About a third of the sample (32.67%) in the Terai region, 27.33% in the Hill
region and 26.66% in the Mountain region never use irrigation water in crop production.
Only 51.78% of the total respondents in the study area have year-round food security
where as 10% have less than three months of food security from their on-farm activities.
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The survey revealed differences in cropping intensity between farmers who are and are
not involved in adaptation practices to manage agricultural water and agronomic
practices in all regions. Both cropping intensity and gross margin were not found
statistically significant. The results of the study underscore important messages;



Mixed farming is a successful livelihood strategy that minimizes risks of
complete crop failure and hence stabilizes farm revenue; and



Cereal crops are not profitable; Ceteris paribus, cereal cultivation is not
economically feasible in the Mountain and Hill regions because of high water
requirements which are hard to meet in the undulated terraced landscape.

This research shows that farmers in all regions prefer collective
management of water resources in order to increase the supply of water and improve the
equitable distribution of water. Focus group discussion revealed that this type of water
governance would help to increase small holders farm output and support more
remunerative cropping system selection. Together, the findings that only 46% of total
water demand are fulfilled and that farmers are willing to pay about 73% more than the
current (base) price of water, strongly suggest the need for water resource infrastructure
development. This conclusion is similar to that of the International Water Management
Institute’s recommendation that Nepal invest in water resource infrastructure to improve
water availability and access (IWMI, 2010). This will help close the cropping intensity
gap (between adaptive and non-adaptive farmers) and boost the regional economy via
expanding its irrigable hectares. This in turn would further motivate farmers to develop
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and implement adaptive management strategies to deal with ongoing climatic and
environmental changes. In conclusion, if the water supply was expanded to allow
irrigation on the remaining 76% of arable land (MOAD, 2016), livestock and household
uses, the Koshi river basin alone could add as much as 46,958 km2 along with a 10%
increment in livestock (herd size) and reduced expenditures of time for household water
procurement. A conservative estimate of impacts would be an increase farm outputs of
about 11,700 mt of cereal crops (rice, maize, wheat, and barley), 20,000 mt of vegetables
and livestock, worth about NRs. 20-25 millions in the local economy17.

Based on survey results, direct field observation and focus group
discussions, the following conclusions and recommendations are made:


Most farmers prefer to work in small groups. Collective management of
water resource may be more effective than other institutional
arrangements. The size of the community water users groups should be
small and within similar socio-cultural populations.



Monoculture, especially cereal farming in Mountain and Hills are not
profitable under the given level of water resource availability.



Water supply management, such as small scale dams in creeks and
rivulets, is required to increase and stabilize the water supply for both
agricultural and household purposes in all regions.

17

Calculated based on available cultivable land, productivity difference between irrigated and rain-fed
farming and current market structure ( Author’s calculation, 2016; Focus group discussion, 2016)
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Financial access, market infrastructure development and government
extension services are major factors determining adaptation decision.



Agricultural extension programs are mostly confined to road accessible
areas and not sufficiently staffed in the field. Governments should
consider establishing more service centers and subject matter specialists
(Horticulturist, Entomologist and Pathologist are high in demand in the
field) in order to reach non-adapters and needy farmers. For quality
extension, government may work in public private partnership model
because commercial farmers are often well updated in the farming system
knowhow and could help educate other farmers.



Research concludes there are discernable effects of climate change on
water resource and severe impact on food production and household
economy in all ecoregions of Nepal. Socio-economic variables such as
extension services, household labor supply, farm income, market access,
and distance to market centers are relevant in decision making process for
adaptation strategies in the farming communities of Koshi river basin.
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ESSAY 3: Water Use Efficiency and Its Determinants in Three
Ecoregions of Nepal

1. Research Background

In economics, efficiency is defined as the relationship between outputs and inputs
and is calculated as the slope of the functional relationship in the case of marginal
efficiency. In the case of agriculture, the relevant outputs in the analysis include crop
production measured as total biomass or grain yield whereas inputs include water use.
Water productivity can be classified into two broad categories; physical water
productivity (ratio of mass of product to the amount of water consumed) and economic
water productivity (‘monetary value’ derived per unit of water used). The particular
definition of efficiency used depends on the application and data availability (Sadras et
al. 2007). In the context of water resources, efficiency can also be expressed from the
viewpoint of engineering and irrigation such as conveyance efficiency.

Agricultural water use efficiency can broadly be considered a measure of a
cropping system’s ability to convert water into plant biomass. In addition to irrigation
water, water use efficiency (WUE) considers water stored in the soil and rainfall during
the growing season. Water use efficiency in agriculture mostly relies on the soil’s ability
to capture and store water, the crop’s ability to access water stored in the soil and convert
it to biomass, and rainfall during the growing season. Last but not least, farm
management skills such as fertilizer management, weeding, production planning are also
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equally important influences on WUE. WUE can best be understood from the production
function that relates economics of water allocation in farming system management. WUE
is an indicator that can be used to evaluate economic returns from alternative uses of
water resources. Water productivity is the ratio of the difference between irrigated to
rainfed crop yield (ΔY), and the amount of applied irrigation water, symbolically,
𝑊𝑎𝑡𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =

∆(𝑌𝐼 −𝑌𝑅 )
𝑊

(Grassini et al. 2011), measured as kgm-3. Where, YI

and YR are crop output under irrigated and rainfed conditions respectively.

Zwart and Bastiaanssen (2004) report global measured average crop water
productivity (CWP) values of 1.09, 1.09 and 1.80 kgm-3 for wheat, rice, and maize
respectively and suggest the potential for maintaining or increasing agricultural
production with 20–40% less water resources. Zwart and Bastiaanssen (2004) finds that
CWP can be increased significantly even in the reduced level of irrigation water used at
high altitude. Siddique et al. (1990) determined that old cultivars have lower CWP
compared to newly released cultivars but that there was no significant difference in total
biomass production between the two cultivars. The new cultivars produce more grain
relative to the amount of biomass. Increased CWP is observed in newly developed paddy
cultivars due to a higher ratio of photosynthesis to transpiration and due to a shortening
growth period (Peng et al., 1998; Tuong, 1999). Grismer (2002) conducted a CWP study
of irrigated cotton cultivation in California and Arizona and found higher CWP values
with newly developed cultivars than previous findings. This experimental research
shows the potential for improving water use efficiency by integrating agronomical
efforts (varietal improvement) and better farm management behavior (resources
96

management). Kijne et al. (2003b) emphasized that the above efforts should be integrated
at plant, field and agro-ecological levels. Some strategies such as mixed cropping,
drought tolerant varietal selection, reduced water use irrigation techniques (drip or
sprinkle), planting time adjustment etc, are appropriate.

2. Research Problem and Rationale of the Study

Nepal has not tapped the major river systems, which discharge substantial amount
of water even during the dry season, for irrigation development due to technical and
financial constraints. In order to improve agriculture productivity and the management of
selected irrigation schemes18, the Irrigation and Water Resources Management program
was implemented in Nepal during the last decade. This program is expected to enhance
institutional capacity for integrated water resources management. The key challenges in
irrigation development in Nepal are old infrastructure, poor performance of the existing
irrigation systems, weak participation of Water Users Associations (WUAs) and weak
linkages between production and markets.

Climate change is posing a serious threat to both low and high altitude farms and
communities. It threatens assets such as ground water, forestry, livestock, wildlife, and
permafrost and social issues such as food security, migration, land-use patterns and
culture. Effects of climate change on water resources vary both spatially and temporally.
Panta (2012) finds that a rise in minimum temperature decreases the productivity of rice
18

Two broad categories: farmer-managed irrigation systems (FMIS) and Agency Managed Irrigation
System (AMIS)
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via reduced level of water availability in the paddy field. That poses a great threat to food
security especially in the Hill and Terai regions of Nepal. Analysis of Nepalese
agriculture shows that climate variables have significant impact on the net farm income
per unit of area (Thapa and Joshi, 2010). It will also have important income distribution
implications. Conceição and Zhang (2010) point out the effects of climate change in
tropical regions will be overwhelmingly negative.

Lowland agriculture, receives water for irrigation from the Himalayan glacier
system, which is expected to suffer negatively from lack of water in the dry season. The
estimated glacial melt water contribution is, for example, 20 to 40% in rivers in Western
China (Tao et al., 2005), equivalent to or greater than 50% in the Indus (Tarar, 1982), and
30% in the Nepalese river during the pre‐monsoon season (Sharma, 1993). IPCC (2007a)
projects that for every 1°C rise in temperature, agricultural water demand increases by 6
to 10% or more. This is expected to cause a 4-10% decrease in cereal production in South
Asian countries by the end of this century. Decreased production of this magnitude
ultimately may lead to widespread food insecurity and lower living standards especially
for the most vulnerable members of society.

Water scarcity will be a major constraint on the production of food required to
meet the local and global food demand in the future (Erickson et al. 2009; Rosul, 2014).
The scarcity of usable water is further worsened by climate change. Water shortages have
global causes yet local effects, especially in the high Himalayan region. It is important to
investigate, quantify and find better ways to improve water use efficiency in agricultural
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practices. Fresh water obtained from the melting of the Himalayan glacier is one of the
main sources of freshwater reserves. Immerzeel et al. (2010) projects declining water
availability will threaten the food security of some 70 million people in south-Asia (Table
1).

Table 1. Characteristics of major river basins and food insecurity by 2050
in the South Asian region
Parameter

Indus

Ganges

Brahmaputra

Yangtze

Irrigation water demand (mm/yr)

908

716

480

331

Food insecure people (millions)

26.3±3

2.4±0.2

34.5±6.5

7.1±1.3

% decrease in mean upstream water supply

8.4

17.6

19.6

5.2

Annual mean discharge(m3/sec)*

5533

12037

21261

28811

% of glacier melt in river flow*

Up to 50

~9

~12

~18

Source: Immerzeel et al. (2010); *Erickson et al. (2009)

South Asia currently faces challenges allocating sufficient water for agriculture to
feed its increasing population. Water demand is growing even as the supply is constant or
declining. A prominent feature of the nexus of water-agriculture-climate change in South
Asia is the high degree of dependency of downstream communities on upstream
ecosystem services for water quality especially for dry-season irrigation flow (Rosul,
2014). The need for improved water resource use efficiency is unavoidable if the region
is to adjust to the changing environment.
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3. Theoritical Framework
3.1. Irrigation Management

It is widely accepted that productivity is a measure of system performance
expressed as a ratio of output to input. Kijne (2003) used the concept of water
productivity as a robust measure of the ability of agricultural systems to convert water
into food and defined WP as
𝑊𝑃 =

𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙 𝐵𝑒𝑛𝑒𝑓𝑖𝑡
𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑒

Generally WP is measured in units of kg/m3. If production is measured in kg/ha,
water use is estimated as mm of water applied or received as rainfall, convertible simply
to m3/ha. Water productivity provides robust insight into the opportunities for redistribution of water within river basin among different farming system in space and
time. A farmer can estimate the amount of water requirements of a field for surface
irrigation systems using the equation (Martin, 2006):

1

𝑄∗𝑇 =𝐷∗𝐴

Where Q is the rate of irrigation water flow (in cubic feet per second); T, total
time of irrigation (hours); D, depth of water applied (inches) and A represents irrigated
area (acre). Irrigation intake rate of soil is a multivariate function affecting the water
efficiency in the farming system (Zhang et al. 1995; Wang and Shangguan, 2015).
𝐼 = ⨍(𝑆𝑇, 𝑆𝑆, 𝑆𝑂, 𝑆𝐹, 𝑇, 𝐶𝐶)

2

100

I is the irrigation intake rate of soil; ST is the soil texture; SS is the soil structure;
SO is the organic matter in soil; SF is the slope of farmland; T is the temperature of the
growing season and CC is the characteristics of crop itself. Temperature during the crop
cycle and specific characteristics of the standing field crops are crucial factors in
estimating the crop evapotranspiration. Crop evapotranspiration can best be measured
with the equation (Cook et al. 2006):

𝐸 = 𝑆𝑀 + 𝐼𝑅 + 𝑅 + 𝐶 − 𝐼 − 𝑅𝐹

3

Where, E is the crop evapotranspiration, SM is the soil moisture, IR is the
irrigation applied, R is the rainfall, C is capillary rise (from the water table to the crop
root zone), I is the downward infiltration, and RF is the surface runoff. However, Zhang
et al. (1995) estimates that capillary rise is almost negligible in water table below 5m.
Until recently, water efficiency has been viewed and analyzed in different ways. Frenken
and Faurès (1997) developed the following relationship to measure crop water
requirements (CWR) for a given crop i as

𝐶𝑊𝑅𝑖 = ∑𝑇𝑡=0(𝐾𝐶𝑖,𝑡 ∗ 𝐸𝑇𝑖,𝑡 − 𝑃𝑒𝑓𝑓,𝑡 )

measured in millimeter (mm).

Where KCi is the crop coefficient of the given crop i during the growth stage t
and where T is the final growth stage, ET is the evapotranspiration and P is the
precipitation. Each crop has its own water requirements. Net irrigation water
requirements (NIWR) in a specific irrigation scheme for a given year are thus the sum of
individual crop water requirements (CWRi) calculated for each irrigated crop i. “Multiple
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cropping (several cropping periods per year) is thus automatically taken into account by
separately computing crop water requirements for each cropping period” (Frenken and
Faurès (1997, PP: 34).

𝑁𝐼𝑊𝑅 =

∑𝑛
𝑖=1 𝐶𝑊𝑅𝑖 ∗𝑆𝑖
𝑆

measured in millimeter (mm) or m3/ha (1 mm = 10 m3/ha).

Where Si is the area cultivated with the crop i in ha. Net Irrigation Water
Requirement (NIWR) when added to conveyance efficiency of the irrigation system
which is explained in equation in the analytical section gives gross irrigation water
requirement (GIWR). GIWR is the amount of water to be extracted (by diversion,
1

pumping) and applied to the irrigation scheme. 𝐺𝐼𝑊𝑅 = 𝐸 ∗ 𝑁𝐼𝑊𝑅; measured in
millimeter (mm). Where E is the conveyance efficiency.

3.2. The Theory of Economic Rent

Theoretically, a single product firm will seek to maximize net rent (R) defined as:
𝑅 = (𝑃𝑦 . 𝑌) − ∑𝑛𝑖=1(𝑋𝑖 . 𝑃𝑥𝑖 )

4

Where YPy is gross revenues from the sale of products and Pxi is the price of the
ith input (Xi) and Y is the output produced with inputs Xi. The value of water in
agricultural production is R evaluated with and without adequate water. With less than
optimal water, the rent is
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𝑅0 = (𝑃𝑦 . 𝑌0 ) − ∑𝑛𝑖=1(𝑋𝑖0 . 𝑃𝑥𝑖 )

5

While with an adequate supply of water it is

𝑅1 = (𝑃𝑦 . 𝑌1 ) − ∑𝑛𝑖=1(𝑋𝑖1 . 𝑃𝑥𝑖 )

6

From equation 5 and 6 it is possible to evaluate an optimum increment in water
application in agricultural production, that is, the change in net rent (ΔR).

∆𝑅 = 𝑅1 − 𝑅0
𝛥𝑅 = [(𝑃𝑦 . 𝑌1 ) − ∑𝑛𝑖=1(𝑋𝑖1 . 𝑃𝑥𝑖 )] − [(𝑃𝑦 . 𝑌0 ) − ∑𝑛𝑖=1(𝑋𝑖0 . 𝑃𝑥𝑖 )]

7

Equation 7 produces two types of information; first, how much farm income is
possible with changes in input combinations and/or incremental water supply, and
second, an estimate of economic efficiency of increasing water on-site (via irrigation
provision). Dividing both sides of equation 7 by 𝛥𝑊, one can impute on-site value or net
income per unit of water (Young and Loomis, 2014).

𝛥𝑅
𝛥𝑊

=

𝑛
[(𝑃𝑦 .𝑌1 )−∑𝑛
𝑖=1(𝑋𝑖1 .𝑃𝑥𝑖 )]−[(𝑃𝑦 .𝑌0 )−∑𝑖=1(𝑋𝑖0 .𝑃𝑥𝑖 )]

𝛥𝑊

8

Any increase in productivity of water will reflect positively on the productivity of
farming systems (Fig. 1).
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With Irrigation
Farm Revenue
Y1

Without Irrigation

Y0

X
Xj1

Inputs

Fig.1 Hypothesized effect of water on
farm yield
4. Analytical Approach

FAO describes various terminologies19 regarding water management. This
research uses water conveyance efficiency, water application efficiency, irrigation
efficiency and crop water use efficiency to understand and measure sustainable water
resource planning.

19

Crop consumptive water use: The total water used for evapotranspiration and cell

construction from planting to harvest for a given crop in a specific climate regime (Perry et al., 2009). Crop
irrigation water requirement: Consumptive use minus effective precipitation (FAO/IPTRID/ICID/ODA,
2012, Irrigation Guidelines, Land and Water Digital Media Series 12, & FAO, 2000, Handbook on
Pressurized Irrigation Techniques). Irrigation water requirement: The quantity of water exclusive of
precipitation and soil moisture. Net irrigation water requirement: The water that must be supplied
through the irrigation system to ensure that the crop receives enough water for its normal crop
production (irrigation consumptive water use + flooding of paddy fields + salt leaching). This does not
include losses that are occurring during conveyance, distribution and field application (Savva and Franken,
2002).
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As soon as water resources become limited in supply, efficient use of irrigation
water becomes essential to maximize farm income. This situation requires suitable
methods of measuring and evaluating how efficiently irrigation water is used to produce
crops. Crops are stressed and the yield is affected when water is inadequate while excess
water can result in non-point source pollution of water resource due to runoff, leaching
and soil erosion (Irmak et al. 2011). In general, water use efficiency is defined from
various perspectives. University of Nebraska Lincoln Extension (2011) defined irrigation
efficiency from three points of view:



irrigation system performance



uniformity of water application, and



response of crops to irrigation.

This research emphasizes mainly agronomic and economic aspects of efficiency.
The former explains the yield objectives while the latter is related to financial returns
obtained from irrigation in relation to investment made in water resource management.
The costs and prices vary from year to year and fluctuate widely from place to place
(Hillel, 1997). Wider ranges of socio-ecological systems play vital roles in sustainability
and efficiency of resource management under the pressure of climate change (Ostrom,
2007). Of the various irrigation efficiency estimation tools, the followings are the most
relevant in this study.
Water conveyance efficiency: Irrigators normally deliver the water from its
sources to the crop area through natural drainage (earthen or lined canals). Water loss
between the source and at-site is unavoidable because of seepage, spills, evaporation,
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leaks, etc. Conveyance efficiency can be estimated as the ratio of the net amount of water
at-site to amount of water diverted at-source (Hillel, 1997).

𝑊𝐶𝐸 = (𝑉𝑊𝑓 ⁄𝑉𝑊𝑠 ) ∗ 100

9

Where
WCE = water conveyance efficiency (%)
VWf = volume of irrigation water at-site/field
VWs = volume of water diverted at-source
Crop water use efficiency: This measures the irrigation effectiveness in terms of
crop productivity. Irmak et al. (2011) defined this aspect of efficiency as the ratio of the
mass of economic yield per unit of irrigation water used.
𝐶𝑊𝐸 = (𝐶𝑌𝑖 − 𝐶𝑌𝑑 ) ⁄ (𝐸𝑇𝑖 − 𝐸𝑇𝑑 )

10

CWE is the crop water use efficiency, CYi is the yield of the irrigated crop, CYd
is the yield for an equivalent rainfed crop, and ETi and ETd are crop evapotranspiration
for irrigated and rainfed crop respectively. Alternatively, crop-water use efficiency is the
marketable crop produced per unit volume of water (Hillel 1997). Hillel summarizes in a
single concept, the overall agronomic efficiency of water use:

𝐸𝑎 = 𝑃⁄𝑊

11

P is the marketable product harvest (kg) and W is the volume of water used (m-3).
We calculated water used (irrigation water) for crops grown (rice, wheat and corn) and
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their harvested grain which is marketable in a year in the selected sample farm in all
ecoregions (study areas).

Ea can be interpreted from an economic sense. Marketable products can be
valued with the given market price of the respective crop. Molden et al. (2001) observed
some cases of water productivity in economic terms such as US$0.3/m3 for potatos to
US$0.03/m3 for wheat in South Asia, US$0.03/m3 (in India) to US$0.91/m3 (in Burkina
Faso). The values for wheat production ranged from US$0.07 to 0.17/m3. However,
Barker et al ( 2003) and Rogers et a. ( 2002) finds that water productivity in economic
terms using price policies to promote the economic productivity of water requires
significant government intervention in order to ensure that equity of access to water
(public-good case ) are covered adequately.

Finally the overall agronomic efficiency of water use (Ea) value obtained from
equation 11 is regressed on various socio-economic and farm characteristics to explore
the factors affecting crop-water use efficiency in three ecological regions estimated with
two regression models- Ordinary Least Square (OLS) and Tobit regression. The reason
for employing 2 models was to assess the robustness of the functional relationship
between various important farms related socio-economic parameters and agricultural
water use efficiency. The independent variables were the same in both models. The
regular numerical values obtained from equation 11 were regressed directly with socioeconomic factors in OLS. In the Tobit function, the efficiency scores obtained from the
same equation were first censored in 2 categories. Efficiency values above the sample
107

mean value were treated as efficient and below average value were treated as inefficient.
Then this is the dependent variable in the Tobit function which regressed with socioeconomic parameters.

Descriptions of the OLS and Tobit function (estimation) are presented in
equations 12 and 13 respectively.

𝐸𝑎 = 𝛽0 + ∑9𝑖=1 𝛽𝑖 𝑍𝑖 + 𝑢

12

𝐸𝑎 (𝑐𝑒𝑛𝑠𝑜𝑟𝑒𝑑) = 𝛽0 + ∑9𝑖=1 𝛽𝑖 𝑍𝑖 + 𝑢

13

Where the Zi are age, education, household size, farm size, distance to water
source, adaptation of technology, government extension support, credit access and
distance to nearby agricultural market(s). β is a vector of unknown parameters and 𝑢 is an
independently and identically distributed normal random variables with zero means and
common variances, 𝜎 2 as; u~ iidN(0, σ2 ).

The dependent variable in the OLS regression equation is agronomic efficiency of
water use (Ea) expressed as Kg/m-3 and Ea (censored in two categories- above and below
the mean value of agronomic efficiency of water) is the dependent variable in the Tobit
regression. Explanatory variables are similar in both models. These are age, education,
household size, farm size, distance to water source, technology adaptation, access to
extension service, access to credit, and market distance. We expect that educated farm
manager with more years of farming experience would be able to adapt quickly because
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of their capacity for learning, and their experience with irrigation water management in
different types of farming systems and will have a positive effect on efficiency. Larger
household size with adults (of economically active age) are also expected to produce a
positive coefficient because they are less likely to have insufficient labor to manage water
resources (water source cleaning, seasonal canal construction, equipment cleaning, etc.).
Farms with better access to a market center should have a greater incentive to manage
water resource and uses water in effective ways to maximize the farm output for market.
Since more distance between the farm and a market center means higher transportation
costs and possibly higher marketing loss (damage to fresh products) this will reduce the
farm revenue and reduce the incentive to use water efficiently. We expect that access to
extension services will provide farmers with the information and technical assistance they
need make adaptations and to use water more efficiently. Those farmers with access to
credit will not have a financial barrier to investing in irrigation management
infrastructures to enhance water use efficiency. These may include seasonal water
tapping pond construction, water pump installation in the farm lands etc.

5. Results and Discussions
5.1. Descriptive Statistics

The three major dominant soil types are sandy loam, silt and sand. About 14 % of
the respondents in the Terai region farm on sandy soils, which was deposited after the
devastating flood in 2006. Average percentage of farms on sandyloam, silt and sand in
Mountain are 94.72%, 0.29% and 4.98%, respectively. In the Hill region, these same
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shares are 97.49%, 1.46% and 1.04%, respectively. In the Terai region, the percentages
are 77.34%, 1.06% and 21.59%, respectively. Flooding has been a significant cause for
land degradation and sand deposition. Focus group discussions and discussions with
senior citizens reveal that desertification (conversion of arable land to sand dunes) is
increasing.

The Hill region has been under tremendous pressure from forest clearing to
facilitate agriculture. Public forest degradation especially in the lower parts of the Hill
region has resulted in dysfunctional small scale watersheds within last 10-12 years. Major
reasons observed were land area encroachment for resident and farming by landless
community members and industry landfill. The region also receives less precipitation
which led to small watershed dysfunctional.

There is a difference in cropping intensity between irrigated and unirrigated farm
conditions. About a third of the sample (32.67%) in the Terai, 27.33 % in Hill and 26.66
% in Mountain region never use irrigation water in crop production. Increased cropping
intensity is a desired condition for maximizing farm output and farm revenue in the
smallholders communities. Average Cropping intensity20 in the study area is 242% and
150% in irrigated and unirrigated conditions respectively (Table 2).

20

Cropping intensity is the ratio of effective crop area harvested to the physical area. The cropping
intensity may exceed 100 % if more than one crop cycle is completed in a year on the same farm-area.
∑𝑛

𝐴

Symbolically, it is defined as 𝑖=1 𝑖 where Ai is the area cultivated with the crop i and A is the available
𝐴
cultivable area (Frenken and Faurès, 1997)
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Table 2. Cropping intensity (ratio) in three ecological belts of the study area
Irrigation

Ecological regions

conditions

Mountain

Hill

Terai

Total

Irrigated

2.11

2.2

2.95

2.42

Unirrigated

1.39

1.50

1.62

1.5

Source: Field Survey, 2015; Focus Group Discussion, 2015

In all regions, water conveyance efficiency (WCE) improvement is a basic step to
allocate scarce water resource efficiently. Contrary to the perception that WCE in Terai
would be higher than in the high altitude and undulated landscape, farmers are relatively
effective in reducing water loss between sources and sites in Mountain, followed by Hill
and Terai regions (Table 3). There is very wide variation between maximum and
minimum value of water conveyance efficiency in the Terai. Very low (minimum value),
0.01 in the Terai indicates that very poor people who have small holdings in fords (sand
area) could improve conveyance efficiency. The overall agronomic efficiency which
measures biomass production per unit (volume) water used is presented in table 4. About
75% of the respondents are in the lowest levels of agronomic performance. Most of them
coincide with lower level of conveyance efficiency. Average value of agronomic
efficiency is higher in the Mountain (204.4 kgm-3) followed by Terai (138.1 kgm-3) and
Hill (90.4 kgm-3), respectively (Table 4).
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Table 3. Water Conveyance Efficiency21 (WCE) in different eco-regions
Efficiency Level

Mountain

Hill

Terai

≤ 0.50

40(26.67)

41(27.33)

49(32.67)

0.51-0.60

0

0

0

0.61-0.70

4(2.67)

0

0

0.71-0.80

35(23.33)

55(36.67)

59(39.33)

0.81-0.90

71(47.33)

54(36)

38(25.33)

0.91-1.00

0

0

4(2.67)

Total

150

150

150

Mean

0.61

0.594

0.54

Standard Deviation

0.372

0.367

0.383

Maximum

0.941

0.93

1

Minimum

0.11

0.13

0.01

Source: Field Survey, 2015. Value in the parenthesis indicates %

Table 4. Overall agronomic water use efficiency (WUE) of farms in three eco-regions
Efficiency Level

Mountain

Hill

Terai

≤100

107(71.33)

108(72)

122(81.33)

101-500

19(12.67)

39 (26)

14(9.33)

>500

24 (16)

3(2)

14(9.33)

Total

150

150

150

Mean

204.4

90.46

138.1

Standard Deviation

396.4

119.66

262.4

Maximum

2087

616.43

1424.65

Minimum

6.28

16.96

38.61

Source: Field Survey, 2015. Value in the parenthesis indicates %

21

It is the biomass production to the given level of water at site; kgm
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Volume of Water Used (m3/year)
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44.36
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28.51
22.34
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0
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Hill

Terai
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Figure 2. Average Agricultural Water Consumption (m3/year)

The survey indicated that the average farm size in Mountain, Hill and Terai are
15.69, 12.6 and 25.34 Ropani respectively. Distance from home to river is twice as far for
the Terai population. People in the Terai use more than twice the amount of water in crop
production than in the Hill region (Fig. 2). Household water cost in Terai, Hill and
Mountain is 0.11, 0.26 and 0.21 Rs/Lit respectively. Because of limited sources and long
distance to travel for collecting household water, drinking water is twice as expensive in
the Hill region when compared to the Terai region. Only a small fraction of total
population has access to year round irrigation. Of the total, 65%, 91% and 79% of the
respondents in Mountain, Hill and Terai have no irrigation in the study area (Figure 3). In
aggregate, only about 55% of respondents have been able to irrigate their land in the
rainy season (Figure 4).
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Figure 3. Percentage distribution of irrigation status in the study areas
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Figure 4. Average percentage of land cover under irrigation in three major
seasons
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Table 5. Economic indicators for irrigated and unirrigated conditions
Indicators

Mountain

Hill

Tearai

Irrigated

Unirrigated

Irrigated

Unirrigated

Irrigated

Unirrigated

Gross margin (GM)

86.933

51.846

56.884

19.672

82.843

40.633

B/C ratio

3.338

2.112

2.47

1.761

1.97

2.14

Source: Field Survey 2015

Gross margin (GM) analysis of the agricultural farm shows that farms operating
under irrigated conditions in the Hill and Terai regions have more than twice the GM
compared to unirrigated conditions (Table 5). This is partially due to increased cropping
intensity and partially because of adoption of high yielding cultivars. The three major
staple crops in Nepal are rice, wheat and maize. A productivity comparison of these
cereal crops shows that there is significant differences between irrigated and unirrigated
conditions. Rice, a relatively water-intensive crop, has more than twice the productivity
in the Mountain and Terai and more than thrice the productivity in the Hill (Table 6).
Farmers can use other technologies such as high yielding varieties, fertilizers etc. with the
regular irrigation, and contribute to higher productivity.

Table 6. Average farm productivity under irrigated and unirrigated condition (Qtl/farm)
Farm

Mountain

productivity Irrigated

Hill
Unirrigated Irrigated

Tearai
Unirrigated Irrigated

Unirrigated

Rice

10.69(3.52) 4.25(5.91)

9.1(8)

2.83(3.15)

38.96(13)

15.75(15.4)

Maize

2.3(1.49)

1.86(2.81)

6.43(1.79) 4.31(2.57)

12.46(5.3)

4.17(4.24)

Wheat

2.93(1.90)

1.94(2.36)

3.92(1.59) 2.3(1.39)

9.42(4.31)

3.59(4.52)

Source: Field Survey 2015. Values in parentheses are standard deviation

All respondents in Mountain and Terai, and 87.33% in the Hill region experienced
increasing cost of water. On average, cost of water increased by 11.33%, 11.96% and
115

10.17% per annum in the Mountain, Hill and Terai, respectively; the highest increase
being 20% and the lowest being 5%. Agricultural water management has been an
increasingly time consuming activities in overall livelihood maintenance. Reasons for the
increase in waiting time to manage water (drawing water) in Mountain and Hill are the
sharp reduction of water level in the creeks, and disappearing natural springs during
winter and summer seasons.

Of the total, 96%, 98% and 95.33 % of respondents are willing to pay a higher
price for an additional unit of water for both agriculture and household management in
the Mountain, Hill and Terai respectively. On average, respondents in the Mountain, Hill
and Terai regions are willing to pay 78.24%, 62.24% and 76.33 % more than the base
period price of water (Table 7).

Table 7. WTP for additional water availability

WTP (%)

Mountain

Hill

Terai

Total

78.24(30.63)

88.53(43.78)

62.24(44.65)

76.33(41.55)

Source: Field Survey 2015. Values in parentheses are standard deviation

There is wide variation in water use among ground water users. Households who
have an irrigation pump and deep boring/drilling facilities withdraw much more ground
water than those with natural wells, cemented wells and shallow-tube wells. Pump
holders achieve significantly higher water efficiency. From the focus group discussion
and survey data we conclude that ground water extraction is increasing in aggregate but
decreasing at the individual household level by small holders, ultra-marginal and
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landless. The declining water table in general, but especially during prolonged periods of
drought, is inhibiting essential crop water withdrawals. The survey results indicate that
only 20% of respondents in Terai region enjoy increasing amounts of ground water (with
average increases of 11.5±4.57%) whereas 80% respondents witnessed decreasing

amounts of ground water (with average decreases 15.47±4.97 %).

Terai households who have irrigation pumps and/or who purchase water from
pump owners consumed higher quality irrigation water. Farmers who use canal irrigation
system also face problem such as silt, sand and other debris because of floods in their
water sources (river/rivulet/creeks). Besides flooding, the practice of draining industrial
waste and other chemicals directly to the riverine system without any treatment is
severely affecting the surface water quality. All respondents in Hill and Terai regions
experienced declining water levels in the creeks and tributaries. About 90% of
respondents in the Mountain experienced decreased water level while 10% have
experienced increased water level. Of the total (all regions), 96.97% experienced
decreasing water levels in their creeks. The spatial status of water level reduction in
creeks/rivulets is presented in table 8.

Table 8. Respondent’s observation on % water loss in creeks in the preveious 10-15 years
% loss of water

Mountain

Hill

Terai

Total

50 %

89(59.33)

4(2.67)

11(7.33)

104(23.11)

75 %

54(36)

113(75.33)

109(72.67)

276(61.33)

100 %

7(4.66)

33(22)

30(20)

70(15.55)

Source: Field Survey 2015. Values in the parentheses are percentages
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Summer drought (March-June) and rainy season drought (July-October) are
responsible for reducing farm productivity and hence farm revenue in both Hill and Terai
regions. All respondents in Hill and Terai regions and 86.67% in the Mountain region
have been experiencing increased days of drought in the past 5-7 years. The average
increase in drought over the same period in Mountain, Hill and Terai are 9.03±4.64,

9.86±3.02 and 18.55±6.07 days respectively. Only 13.33% of respondents in the

Mountain region reported decreasing incidence of drought by an average of 0.81±2.22
days. This decrease is because of restoration of broad- leaf forests through community
afforestry programs and increased natural rainfall in the lower-belt of the Himalayas.
Farmers explain that soil texture is important to withstand water stress conditions. Clay
soil has relatively more water holding capacity than sandy and rocky soil. Cover cropping
is another instrument to maintain top-soil moisture.

Some other important issues collected from focus group discussions regarding
general perceptions, farmers’ traditional knowledge and their expected solution to
improve overall efficacy of water resource management are presented below (Box 1).
This is the collective voice of more than a dozen respondents.
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Box 1.
Government should allocate significant amounts of financial capital to irrigation
infrastructure development and management improvement in an institutional setting. Cessation of
forest clearance, pollution control in water bodies and prudent withdrawal of groundwater are
very important aspects of water resource system sustainability. Water management right transfer
to Community Water User Group (CWUGs) is a step towards raising stakeholder’s ownership
and vesting common property resource management approach which is deemed to be more
effective and sustainable. Field study reveals that about 10-12% agricultural production, and 2025% conveyance efficiency can be increased just from periodical rehabilitation of neglected
irrigation systems, mostly before the onset of rainy season. Small scale water storage22 can be
instrumental in sustaining the water drought but remunerative in small scale vegetable
production. Improving marketing management facilities would motivate farmers to value water
and address the issue of integrating agriculture and water management interventions in order to
derive full benefits from investments in irrigation. Irrigation systems are showing good results at
the field level in terms of increasing agricultural productivity, improving water use efficiency and
enabling water users to manage irrigation systems. Cropping intensities have increased from an
average of 146 to 210 % and yields of major staples namely rice, wheat and maize have
increased, respectively, by 72.5%, 62% and 68% compared to 10-12 years ago.

The Morangkhola Irrigation System (one of the study units in the Mountain region) is
found having improved institutional capacity for agricultural and household water management.
Planning, monitoring and inter-sectoral allocation of water resources have contributed to higher
productivity in agriculture and improved environmental health (family health and surrounding
environment).

Source: FGD, 2015. Six male and seven female participants

22

Plastic pond, mud pond, roof water tap etc
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5.2. Factors Affecting Water Use Efficiency

The results of the ordinary least square analysis of factors affecting water use
efficiency in the three ecological regions of Nepal are presented here. Various socioeconomic and spatial parameters are effective in explaining overall agronomic efficiency
mostly in the same direction (positive) but in varied magnitude (Table 9). However some
variables had surprising effects. The age variable was not significant but technology is
highly significant in all ecoregions. One would expect that experienced farmers would be
more effective in saving water. Local knowledge based technology such as plastic sheet
cover over the porous and sandy soil, narrow-width cemented canal (Fig 5) and rainwater trap in plastic pond (Fig 6) in Hill and Mountain regions have proved effective.
These practices are hardly seen in the Terai. Frenken and Faurès (1997) recommend
increasing the effective use of rainfall, stored water, and water of marginal quality in the
developing world to improve water productivity and farm revenue. Most of the marginal
and smallholders are unable to invest in water saving infrastructure. During field visit
,survey-taker observed one unlikely event in which a small group of richer farmers were
withdrawing ground water but lacked sufficient skills and organization to reduce water
lost from source to site, especially conveyance efficiency (Fig. 7).
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Table 9. Factor affecting water use efficiency in the Terai region
Variable

Parameter Estimate

Standard Error

t Value

Pr > |t|

Intercept

-88.59577

219.30700

-0.40

0.6868

Age

-5.90409

3.37156

-1.75

0.0821

Education

59.16648

63.14083

0.94

0.3503

Household Size

35.56203

23.20655

1.53

0.1277

Farm size

7.54424

1.57362

4.79

<.0001

Distance to Water Source

44.89354

26.36198

1.70

<.0001

Technology Adaptation

-177.18647

44.22671

-4.01

<.0001

Access to Extension services

230.84275

55.10602

4.19

<.0001

Access to Credit

2.07893

53.18237

0.04

<.0001

Distance to Nearby Market

24.36332

8.97703

2.71

0.0075

R-Square 0.3925,

Adj R-Sq 0.3535

Source: Field Survey, 2015.

Educated people have access to knowledge regarding managing water efficiently
as compared to illiterate people. Farm size is a decisive factor explaining farm water use
efficiency in Terai and Mountain regions. However, farm size has a negative effect on
water use efficiency improvement in the Hill region (Table 10). One obvious reason for
this effect, based on focus group discussions, (FGD) is absentee landlords. Big parcels of
land are segmented and rented out to several tenants in the Hill region for short periods
(less than 5 years). In aggregate, the farm size variable is highly significant in all regions.
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Distance between water sources to fields is another factor explaining water use
efficiency in all ecological regions. This variable is mainly important to explain
conveyance efficiency of irrigated water in the farm land in any cropping seasons.
Increased conveyance efficiency would ultimately be reflected lower cost of water. The
variable distance to water source is highly significant (P <.0001) in all ecological regions
of the study area. A kilometer of reduced distant between source and site would
contribute to increased overall water use efficiency in agriculture by 57.69%, 118.96%
and 44.89% in Mountain, Hill and Terai respectively.

Figure 5. Cemented canal in Mountain
plastic pond

Figure 6. Rainwater collection

Source: Field visit, 2015
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Figure 7. Artesian water extraction for agricultural purpose in Terai
Source: Field visit, 2015

Government extension services are deemed very important for disseminating
knowledge regarding agronomic practices, post-harvest and marketing management
(MOAD, 2014). This variable is specifically important to marginal and smallholders in
all regions. Demonstration projects are commonly used to motivate and engage farmers
in agricultural business in all regions of Nepal. Access to extension services had a
positive effect on water use efficiency. The extension service variable is significant in
regressions for the Mountain (Table 11) and Terai regions (Table 9) but not in the Hill
region.
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Table 10. Factor affecting water use efficiency in the Hill region
Variable

Parameter Estimate

Standard Error

t Value

Pr > |t|

Intercept

56.17510

78.27178

0.72

0.4741

Age

1.58101

1.46038

1.08

0.2808

Education

31.45141

26.37496

1.19

0.0351

Household Size

-22.58596

10.77174

-2.10

0.0378

Farm size

-2.55958

2.37560

-1.08

0.2831

Distance to Water Source

57.69934

35.06725

1.65

<.0001

Technology Adaptation

49.13728

29.32421

1.68

<.0001

Access to Extension

5.09905

39.34181

0.13

0.8971

Access to Credit

113.78436

27.17134

4.19

<.0001

Distance to Nearby Market

-2.11006

3.22252

-0.65

0.5137

services

R-Square 0.2057 Adj R-Sq 0.1546
Source: Field Survey, 2015

Farmers who have access to credit had higher water use efficiency. This is
because it permits farmers to purchase water saving inputs such as polythene pipe, plastic
sheets, cements etc. FGD revealed that residents believe that access to formal credit was
more effective than informal credit. Effective monitoring and evaluation from formal
credit institutions (banks, saving-credit cooperatives) are duly conducted while
monitoring of informal sources of credit simply did not occur. This variable was found
significant in all ecological regions to explain agricultural water use efficiency.
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Table 11. Factor affecting water use efficiency in the Mountain region
Variable

Parameter Estimate

Standard Error

t Value

Pr > |t|

Intercept

129.60990

219.79223

0.59

0.5563

Age

5.48730

2.99444

1.83

0.0690

Education

94.75619

72.55307

1.31

0.1937

Household Size

-45.51454

26.86115

-1.69

0.0924

Farm size

3.26609

4.24078

0.77

0.4425

Distance to Water Source

118.96612

46.33285

2.57

<.0001

Technology Adaptation

259.99750

131.96039

1.97

<.0001

Access to Extension services

579.41188

95.67467

6.06

<.0001

Access to Credit

5.60388

43.97832

0.13

<.0001

Distance to Nearby Market

7.18100

26.12581

0.27

0.7838

R-Square 0.6032

Adj R-Sq

0.5777

Source: Field Survey, 2015.

Comparison of the two regression models indicates that most of the socioeconomic variables have similar relationships to water use efficiency (Table 12).
However, a few contrasts between the results from the two types of analysis were
observed. Older people are less efficient in the Terai region but more efficient in the Hill
and Mountain regions. Large farm size is associated with lower water use efficient in the
Hill region in OLS but the Tobit regression shows that farm size is associated with
inefficient water use in both Hill and Mountain. The reason could be due to scattered
farming land and rugged topography that leads to high upfront costs in irrigation
infrastructure. Educated farmers are effective in increasing agricultural water use
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efficiency in all regions except the Terai region (in the Tobit model). It could be because
educated people in the Terai are less willing to work in farming and instead seek jobs in
other sectors.
Table 12. Tobit regression on censored value of agronomic water use efficiency (E a) in the study regions
Variables

Terai region
Coeff.

Hill region
t-value

P > |t|

Coeff.

Mountain region
t-

P > |t|

Coeff.

t- value

P > |t|

0.690

268.0305

0.95

0.343

1.96

0.052

1.19

0.237

-1.09

0.277

-1.61

0.109

4.22

0.000

2.03

0.045

3.95

0.000

0.93

0.356

0.88

0.383

value

Constant

-382.974

-1.22

0.226

(314.73)

Age

-7.2337

69.4358

-1.57

0.118

46.4526

Size

(32.92 )

Farm size

13.4935

0.64

0.526

Distance to
Water

(41.1115 )

1.26

0.209

47.0978

1.41

0.160

-34.0974

1.39

0.1666

0.000

2.32

0.022

-1.0851

-2.41

0.017

-35.8557
( 32.8821)

-0.35-

0.725

0.34

0.736

(3.080 )
15.3818

129.565
(109.011)

( 14.171)
5.91

7.0519
(3.5988 )

(33.849 )

(2.2834 )
95.5635

2.3964

( 281.806)

(1.899 )

(109.169 )

Household

-0.40

( 100.89)

(4.6017)

Education

-40.3272

-13.8373
( 8.586)

(45.545 )

486.6818
(115.331)

Source
Technology

-151.5284

Adaptation

( 59.9134)

Access to

216.0964

Extension

( 79.5821)

2.53

.013

25.0756

0.69

.493

(36.519 )
2.72

0.007

25.9188

560.594
(276.52)

0.53

0.600

( 49.306)

468.6983
(118.577)

services
Access to

20.424

Credit

(70.9686 )

3.29

0.0081

173.1618

4.74

0.000

Distance to

22.6869

Market

( 12.509)

( 4.193)

(32.2494)

Prob. > chi2

0.0000

0.0000

0.000

Pseudo R2

-7.3223

-7.1823

-7.705

Log

70.7014

23.1564

55.1609

( 36.499)
1.81

0.072

4.1385

53.2159
(57.4773)

0.99

0.325

28.2488

Likelihood
Source: Field survey, 2015. Value in the parenthesis indicates standard error (SE)
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6. Essay Sumary and Policy Recommendations

This study assesses the conveyance, economic and agronomic efficiency of water,
and factor affecting aggregate water use efficiency in each ecological region. There is a
significant difference in cropping intensity between irrigated and unirrigated farm
conditions. Average cropping intensity in the study area is 242% and 150% in irrigated
and unirrigated conditions. Farmers in the Mountain region were relatively more efficient
in reducing water loss between water source and fields than farmers in the Hill and Terai
region. Farms operating under irrigated conditions in Hill and Terai have more than twice
the gross margin compared to unirrigated conditions. This is partially due to increased
cropping intensity and partially due to adoption of high yielding cultivars. Agricultural
water management have been an increasingly time consuming activity in all study
regions. Reasons for increasing wait time to manage water in Mountain and Hill are due
to sharp reductions in water in winter and summer seasons in the creeks, and
disappearing natural springs which were lifelines for agricultural and household water
supply.

Results of both regression models show that elderly respondents are not efficient
at water management in the Terai region but are efficient in the Hill and Mountain region.
Large farm size is found less efficient in the Hill region. Technology such as plastic sheet
covers over the porous and sandy soil, narrow-width cemented canal and rain-water trap
in plastic ponds in Hill and Mountain regions have proven effective. Only a few rich
(large farm) farmers who have installed ground water pumping facilities are able to
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reduce on-farm seepage. Government extension service is found significant in Mountain
and Terai but not in Hill. Access to formal credit which helps to purchase better farm
inputs and other necessary on-farm activities was found significant in all ecological
regions to explain agricultural water use efficiency.

This part of study draws attention to investments in small scale water
infrastructure to reduce water loss such as conveyance water loss between sources and
sites. These findings are similar to the recent study (World Bank, 2016) in High and Dry:
Climate Change, Water and the Economy report. Message of the community from focus
group discussion was: strengthened institutional capacity of community for agricultural
and household water management such as planning, monitoring and inter-sectoral
allocation of water resources have contributed to higher productivity in agriculture and
improved environmental health (family health and surrounding environment).

What farmers believe and survey results supports is that there are two possible
strategies for increasing water use efficiency-supply side and demand side management.
On the supply side, water resource infrastructure such as small scale dams, cemented
irrigation canals, permanent structures in water source locations and water storage
facilities. The demand side approach is more behavioral such as consciousness to reduce
water seepage, evaporation and overuse. Selection of high-value-low-volume crops
(which consume less water) to increase the marketable yield of farming system is a
commonly suggested alternative way to increase water productivity. Mulching keeps top
soil wet for a longer period; reducing tillage or zero tillage reduces evaporation, and
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maximizing the dependence on rainfall by minimizing water loss such as runoff,
drainage, seepage, evaporation and weed control, for example, are some of the feasible
yet behavioral approaches to increasing overall efficiency of water use in agricultural.
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Summary, Conclusions and Policy Implications
A face to face survey of 450 randomly selected households in the Koshi river
basin of Nepal was conducted. The survey focused on farming system efficiency with an
emphasis on irrigation water management practices, climate change impacts on
agricultural water resources irrigation water use efficiency, and current adaptation
practicesin different ecological regions of Nepal.

Essay-one estimates the Technical, allocative and cost efficiency and factors
responsible to explain technical efficiency in farming community in upriver and
downriver region. Data Envelopment Analysis technique was used to estimate various
types of efficiencies. Tobit regression was applied to determine factors affecting technical
efficiency (TE) of smallholder farming practices. Mean constant returns to scale TEs are
0.59 and 0.75 in the upriver and downriver respectively. Mean variable returns to scale
TEs are recorded as 0.63 and 0.75 in the upriver and downriver respectively. The median
technical efficiency values were 0.606 and 0.756 in upriver and downriver respectively.
Lower productivity of small scale farming units are due to inadequate water availability,
lack of reliable inputs and poor market services. Males are positively contributing to
improve TE in the upriver ecoregion but inefficient in the downriver ecoregion. Farm
experience is not a significant factor. Education has a negative impact on efficiency in the
downriver ecoregion while it is positive in the upriver ecoregion. More rural respondents
were less technically efficient in both upriver and downriver regions. Shorter distances to
water source, forest and market centers are significant factors explaining technical
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efficiency in both ecoregions. Access to farm credit and electricity are significant and
positive factors explaining technical efficiency in both regions.

Essay-two examines the on-going consequences of climate change on water
resource availability and how adaptation practices and strategies have developed in the
study regions. Incidence of both drought and flooding are increasing in Nepal. A majority
of the respondents reported increasing temperatures, more intense precipitation, and
greater frequency of flooding than in the past. Prolonged drought followed by intense rain
leading to flooding has led to a significant increase in sand deposition and water quality
degradation. About two-thirds of small creeks and springs have disappeared and others
will soon disappear if current trends continue. Both agricultural and household water
procurement and management are consuming more time and resources. The survey
indicates that only 46.01% of total water demand in the study area is fulfilled at present.
Respondents in the Mountain, Hill and Terai regions are willing to pay 78.24%, 62.24%
and 76.33% more than the baseline period price for water. All respondents in the
Mountain region, 72% in Hill region and 85% in the Terai region prefer collective water
management. Logistic regression analysis shows that farm income, market access, access
to extension services, desire to emigrate, and distance from the market are statistically
significant predictors of adaptive behavior in the Mountain region.

Essay-3 deals with conveyance, economic and agronomic efficiency of water
used, and factors affecting aggregate water use efficiency in the study regions. Farmers in
the Mountain region were found relatively more effective at reducing water loss (between
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source and site) than farmers in the Hill and Terai regions. Water use efficiency scores
regressed on farm related socio-economic variables using two models- Ordinary Least
Square and Tobit regression shows that farm size, distance to water source, government
agricultural extension services and access to credit positively affect water use efficiency
in all regions. Farm size had a negative effect on water use efficiency improvement in the
Hill region but a positive effect in the Mountain and Terai regions. Distance to a water
source is highly significant in all ecological regions of the study area. Government
extension services had a positive effect on water use efficiency and was significant in the
Mountain and Terai regions but not in the Hill region. Access to credit at financial
institutions made a significant contribution to agricultural water use efficiency in all
ecological regions.

The results of Technical Efficiency reveal that farmers could potentially reduce
their inputs for cereal crop production on average by 41% and 34% if they had access to
credit, marketing management and water saving technologies. Farmers operating below
0.5 TE would benefit from upgraded farm management practice via extension services,
and by learning resource rationing practices from peer members who are operating above
the median TE in the regions. Reliable water source revitalization via green infrastructure
development (forestation, wetland protection) and community based source water
management should be considered in future research.

Collective management of water resources in bysmall groups is a potential
adaptation approach for source water protection and effective water allocation in the
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community. Policies could increase incomes by discouraging cereal cultivation in the
Mountain and Hills given current and future levels of water resource availability. Water
supply management (small scale dams in creeks and rivulets, cemented canal) can
increase and stabilize the water supply for agricultural activities and should be supported
by policy. Extension services should be extended to rural region with sufficient staffs.
The Koshi river basin, this region alone could add as much as 46,958 km2 irrigated
farming if better water management and necessary infrastructure was provided. Based on
the productivity difference between adaptive and non-adaptive farmers, it is estimated
that more reliable water supplies could result in a 10% increment in the livestock (herd
size) and an increase in farm outputs of about 11,700 mt of cereal crops (rice, maize,
wheat, and barley), 20,000 mt of vegetables and livestock, which together would be
worth about NRs. 20-25 millions to the local economy.

Farmers in the Mountain region are relatively more effective in reducing water
loss between water sources and fields than farmers in the Hill and Terai regions. Because
large farm size is found less efficient in the Hill region, extension service should be
focused on small holders. Technology such as plastic sheet covers over the porous and
sandy soil; narrow-width cemented canals and rain-water traps in plastic ponds in Hill
and Mountain regions have proven to be effective means of conserving water. Access to
formal credit helps farmers invest in small scale water infrastructure projects designed to
reduce water losses such as conveyance water loss. Mulching practices, reducing heavy
tillage and better weed control can reduce evaporation and minimize water loss due to
runoff, drainage, seepage, and evaporation.
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