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A. Climate and Climate Change in Nepal
A.1

Introduction

A press release, published by the World Meteorological Organization (WMO) on 25 January
2016 reported that 2015 was the warmest year and 2011-2015 the warmest five-year period in
record (WMO, 2016a). One-degree Celsius rise in global average temperature by 2015 shows
significant rate of global warming when compared with the temperature anomaly of 0.85oC
during 1880-2012 reported in the Fifth Assessment Report (AR5) published by the InterGovernmental Panel on Climate Change (IPCC). One of the major findings reported in AR5 is
that the period covering 1983-2012 was the globally warmest 30-year period of the 1400 years.
Rate of warming is calculated at 0.12oC/decade during 1951 to 2012. The six-month records
from January to June in 2016 beat the 2015 records with 1.05oC above the temperature of 20th
century (WMO, 2016b).
Recent concerns in the South Asia region have been extreme weather events, such as the heat
waves with temperature exceeding 40 to 45oC recorded in 2015. Similarly, an example of
extreme precipitation is the 540 mm recorded in 24 hours at station in Pakistan in 2015, which
had annual normal total of 336 mm (WMO, 2015).
There are numerous studies and literature about climate change and its impacts on key sectors
in Nepal as well as many associated issues. Notably, the recently completed CDKN study:
Economic Impact Assessment of Climate Change in key Sectors in Nepal (IDS, PAC and
GCAP, 2014) provides background to climate change and impacts on the irrigation and
agriculture sectors. Together with a review on literature and studies, this chapter aims to
highlight current trends and the sort of changes that may occur.
Climate of Nepal, under the influence of monsoons, is characterized by annual extremities.
Southwest monsoon that brings about eighty percent of annual precipitation causes floods in
several parts of the Terai region. Hills and mountainous areas of Nepal are affected by floods,
landslides, bishiyari (landslide lake outburst floods) and glacial lake outburst floods (GLOFs)
during the same period. About twenty percent of the annual precipitation occurs during the
remaining eight months of a year, most of which are the results of western disturbances that
brings moisture from Mediterranean areas and the Arabian Sea. In addition, precipitation events
during northeast monsoon period are the results of dissipating cyclones in north India and
convective precipitation during pre-monsoon period. Topographical variation is an additional
factor that influences the spatial pattern of climate in Nepal.
Although droughts are generally expected during northeast monsoon period, the failure of
southwest monsoon may also cause drought like situation during summer. Tele-connections
have also been investigated between monsoon effectiveness and meso-scale land-atmospheric
processes such as the El Nino Southern Oscillation (ENSO), La Nina, Eurasian snow cover etc.
South Asia Seasonal Climate Outlook Forum (SASCOF) was launched in 2010 by WMO to
engage South Asian countries (Bangladesh, Bhutan, India, Maldives, Myanmar, Nepal,
Pakistan, and Sri Lanka) in assessing global climate situations for providing seasonal outlook
with major focus on summer monsoons. The forum draws its conclusion based on the
assessments of prevailing global climate conditions, ENSO, Indian Ocean Dipole (oscillations of
sea-surface temperatures), Northern Hemisphere snow cover etc. The forum predicted normal
to above normal rainfall in most of the South Asian region, including Nepal, except a limited
region of the eastern part of South Asia (WMO, 2016c).
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Despite efforts from scientists to establish teleconnection links to monsoon activities, the results
are so far less than encouraging. For instance, the forecast, based on El Nino in 1997 was a
failure, which was explained in terms of the Eurasian warming which was responsible to negate
the impacts (UC, 2016). Notwithstanding, Nepalese scientists are also involved in research
related to the monsoon prediction based on meso-scale meteorological phenomena. Sigdel and
Ikeda (2010) find that summer droughts in Nepal are related to the El Nino strength, whereas
winter droughts are related to the Indian Ocean Dipole. Similarly, Shrestha et al, based on
precipitation data from 1959 to 1954 find that all-Nepal monsoon precipitation correlated with
the Southern Oscillation Index (Shrestha, et al, 2000).
Any change in temperature pattern can have significant impacts in almost every part of Nepal.
Impacts of atmospheric warming in the Himalayan region are of particular concerns as it causes
the loss of snow covered areas, formation of glacial lakes and occurrence of glacial lake
outburst floods. Change in snow area in the high Himalayan region is also the cause of higher
warming in high mountain areas as a result of decrease in albedo. Impacts of climatic changes
in Nepal are further complicated with land-use changes, changes in water resources uses,
accelerated urbanization and changes in socio-economics and demographics.

A.2
A.2.1

Regional Climatic Changes
Temperature and Precipitation

Figure1 presents the global temperature anomaly from 1880 to 2015. As shown in the figure,
the trend is particularly significant during the last four decades. As reported by AR5, it is very
likely (> 90%) that there will be warmer and more frequent hot days and nights. Similarly, the
expected impacts of climate change are: increased flooding of settlements, heat related deaths,
and water shortage (IPCC, 2013). Figure 2 presents the recent 37-year trends. All the five
independent estimations of the trends indicate global average rising temperature within the
range of 0.12oC 0.17oC per decade. These computations, based on observed data, although
similar in tendency, are less than the trends estimated by CMIP5 model.
IPCC, (2013) has indicated high confidence regarding tropospheric warming. Assessments of
tropospheric warming in Indian subcontinent indicate the warming of upper air in the range of
0.30 to 0.40oC/decade during 1971 to 2000 (Rupa Kumar et al 2002). There is, however, low
confidence regarding global annual precipitation trends (Figure 3).
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Figure 1: Observed global mean combined land and ocean surface temperature
anomalies, from 1850 to 2015 from three data sets

Source: WMO, 2016a

Figure 2: Trends based on the past 37 years of records

Notes:

HADCRUT = Hadley Centre, UK Met/Climate Research Centre, Univ. East Anglia; GISS = Goddard Institute
for Space Studies; NCEI = National Center for Environmental Information; RSS = Remote Sensing Systems;
UAH = University of Albama – Huntsville
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Figure 3: Global precipitation trends from 1900 to 2010 based on five datasets

Source: IPCC 2013

As reported in AR5, temperature has also increased in South Asia as given in Figure 4. The
figure also presents the observed changes in precipitation in gridded format over the Indian
subcontinent (IPCC, 2014, CDKN, 2014). The figure shows that temperature has increased up
to 2oC in some locations in South Asia. Changes in precipitation have been highly
heterogeneous mostly within the range of ±50 mm/year/decade. The figure shows that the
increase in temperature in Nepal is relatively low compares to northern and western parts of
South Asia. Similarly, the figure indicates little to no change in precipitation in the past.
Figure 4: Change in annual average temperature (1901-2012) and annual average rainfall
(1951-2012) in South Asia.

Source: (IPCC, 2014, CDKN, 2014)

Climatic changes reported in regional literature is presented in Table 1 and Table 2 in relation to
temperature and precipitation respectively.
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Table 1: Review of literature related to changes in temperature in the region.
Region/Basin

Temperature

Reference

Western
Himalayas

1901-1998 pre-monsoon season
Pre-monsoon minimum temperature decreased by 1.2oC/100 year but
maximum increased by 0.9oC/100 year

Yadav, Park, Singh,
& Dubey, 2004

Indo-Gangetic
Plain

Increasing Trend by 0.53oC/100 yr during (1875-1958)
Decreasing trend by 0.93°C/100 yr during 1958–1997

Singh et.al, 2002

Nepal

Maximum temperature increased by 0.06°C/y between 1978 and 1994

Shrestha et.al, 1999

Banke, Bardia,
Dhading and
Rasuwa

Higher increasing rate with increasing elevation 0.01°C/yr in Banke and
Bardia, 0.02°C/yr in Dhanding and 0.03°C/yr in Rasuwa (1977-2007)

(SAGUN, 2010)

Narayani Basin

The mean average temperature is increasing by 1.16 °C (1965-2005)

(LI-BIRD Feb 2009)

o

Kulekhani basin

Increasing trend by 0.06 C/yr (1975-2003)

Bagmati Basin

Annual rate of average temperature rise is about 0.360C /decade.
Mean annual temperature rise in low altitude (el 80-250m) is ~ 0.0850C.

(Dhakal M, 2011)
(Shrestha RK, 2007)

Table 2: Review of literature related to changes in precipitation in the region
Region/Basin

Precipitation

Reference

Indo-Gangetic
Plain

Trendless but increasing trend 17 mm/100yr in western part
(westward shift)

(Singh et al., 2002)

Nepal

Annual average precipitation is decreasing at the rate of
9.8mm/decade

(MoPE, 2004)

Banke, Bardia,
Dhading and
Rasuwa

Decrease in winter by 6.3 mm/year in Rasuwa and by
0.4mm/year in Terai

(SAGUN, 2010)

Narayani Basin

Increased during 1965-2005 in Lumle by 774 mm, whereas it
decreased by 36mm in Mustang

(LI-BIRD , February 2009)

Kulekhani basin
(Bagmati)

12 mm decrease per year (1972-2009)

(Dhakal M, 2011)

Bagmati River
Basin

Annual rainfall is increasing at the rate of 16.8mm/decade in
high altitude and 72.4mm/decade in low altitude.

(Shrestha RK, 2007)

Bagmati River
Basin

Increase in annual precipitation. Annual precipitation values
are varying from -2.9 to 36.6.

(Mishra BK, Herath S)

Impacts of climatic changes on hydrology with ultimate impacts on water resources have been
extensively studied on basin as well as regional scales (Bates, Kundzewicz, Wu, & Palutikof,
2008; van Dam, 1999). Most of the outcomes discussed in these publications have wide
variations from significant decrease in runoff to significant increases depending on locations and
the models used. A study on the streamflow trends from 1965 to 2000 in the Bagmati basin in
Nepal indicates decreased flows but increased flood magnitudes (Sharma and Shakya, 2005).
A.2.2

Monsoon Behaviour

Besides monsoon effectiveness, arrival, advancement and withdrawal of monsoon are the vital
components of agricultural productivity. Although irrigation efficiency depends on all of these
factors, onset of monsoon is particularly important as it has direct bearing on paddy plantation
schedule. Delayed onset of the monsoons can have devastating effects on farming causing a
major concern for irrigation management.
Isochrones of the normal onset date of monsoons over Indian subcontinent was determined by
the India Meteorological Department in 1943 using the monsoon onset data from 1901 to 1940,
which is still used in India as well as in Nepal. According to the isochrones, Nepal expects the
arrival of the monsoons from the eastern part of Nepal to the western part during June 10 to
June 15. Tenth June is considered as the arrival date of the southwest monsoon in central
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Nepal. Recent studies on the other hand, as presented in Figure 5, which are based on data
through 2000, suggest delayed monsoon by five days in Nepal (Tyagi, et al., 2011).
Onset and withdrawal of mosoons have been monitored in Nepal from 1940s. According to
records maintained by the Department of Hydrology and Meteorology (DHM) in Nepal, the
normal date of the onset of monsoon is 12th June (Sharma, 2014). The assessment shows that
the monsoon period has been marginally increasing with time (Sharma, 2010).
Figure 5: Departure of normal monsoon onset date from 1901-1940 avg to 1971-2000 avg.

Source: Tyagi et 2011
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A.3
A.3.1

Climatic Trends in Nepal
Introduction

Department of Hydrology and Meteorology (DHM) has successfully established a telemetrybased hydrological and meteorological data acquisition system with 132 stations as shown in
Figure 6. The coverage is, however, not uniform across the country: of the five areas studied in
this study (section B), the Girwari and Banganga areas have a poor network of real time hydrometeorological stations. There is, hence, an urgent need to strengthen DHM to cover areas with
potential small and medium irrigation schemes.
Figure 6. Real time data network.

A.3.2

Temperature

Any change in temperature pattern can have significant impacts in almost every sector and in
almost all geographical locations in Nepal. They are of particular concern (for hydrology) in the
Himalayan region as the warming cause loss of snow covered areas, formation of glacial lakes
and occurrence of glacial lake outburst floods. Change in snow area in the high Himalayan
region also causes greater warming in high mountain areas as a result of decrease in albedo.
Impacts of climatic changes in Nepal are further complicated by land-use changes, changes in
water resource uses, accelerated urbanization and changes in people’s life styles.
Lack of long term daily records limits the scope for detailed analysis of trends in Nepal. Regular
recording of temperature by establishing few stations over Nepal started only in late 1950s. A
more representative network of climatic stations was initiated in 1970s. The station with the
longest temperature records is the station at Lainchaur (Indian Embassy) providing data from
1921. Trends based on these data are negative until 1960s with warming trends afterwards
(Sharma, 2000). Table 3 presents the assessment of climatic trends of Nepal based on two
major publications. The data presented in Sharma (2010) is relatively recent compared to the
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publication made by the Ministry of Population and Environment/United Nations Environment
Program (UNEP). Sharma (2010) assessed temperature trends in Nepal based on data
available from 1975 to 2006 and found them to indicate average warming trends at 0.27oC per
decade. Following a detailed analysis of 30 years data (1976 to 2005), Practical Action (2009)
reported a trend of observed warming for Nepal of approximately 0.4 oC to 0.6 oC per decade,
which has been reported in the NAPA document (MoE, 2010). Both the publications indicate
higher rate of increase in maximum temperature compared to minimum temperature.
Table 3: Temperature trends in Nepal
Variable
Annual Average Minimum Temperature
Annual Average Maximum Temperature
Annual Average Temperature

No. of
stations
80
80
80

Period
1981-1998
1981-1998
1981-1998

Trend
0.25 oC /decade

Reference
MoPE/UNEP (2004)

0.57

oC

/decade

MoPE/UNEP (2004)

0.41

oC

/decade

MoPE/UNEP (2004)

oC

Annual Average Maximum Temperature

61

1975-2006

0.41

/decade

Sharma (2010)

Annual Extreme Maximum Temperature

62

1975-2006

0.19 oC /decade

Sharma (2010)

Annual Average Minimum Temperature

60

1975-2006

0.18

oC

/decade

Sharma (2010)

oC

Annual Extreme Minimum Temperature

61

1975-2006

0.17

/decade

Sharma (2010)

Annual Average Temperature

56

1975-2006

0.27 oC /decade

Sharma (2010)

Annual Average Maximum Temp
Annual Average Minimum Temp.

A.3.3

1971-2012
1971-2012

0.40

oC/decade

DHM (2015)

0.10

oC/decade

DHM (2015)

Precipitation

There is a limited database in Nepal for detail study of long-term precipitation pattern.
Notwithstanding, the CDKN study noted that, “the NAPA reported that precipitation data does
not show any general nationwide trend (though the UNDP country profile (Mc Sweeney et
al.n.d.) reported a trend of decreasing annual precipitation.” Saraju et al. (2008) finds an
increasing trend in the number of extreme precipitation days at the majority of the stations (but
particularly for stations below 1500 metres) and highlights the implications for landslides, flash
floods and inundation. The World Bank (2011) states, “Mean rainfall has significantly decreased
on an average of 3.7 mm (-3.2%) per month per decade, and this decrease is particularly
significant during the monsoon period between June-September. Drought is becoming more
frequent occurrences in Nepal, particularly during the winter months and in the western Terai
plains, which are characteristically drier than eastern Nepal because of the late arrival of the
monsoons.”
Management of irrigation systems should consider recurrent drought like situations. Not only the
monsoon but also winter precipitation, although small in amount is also important for crops.
Precipitation data over Nepal indicate that any or all eight months of a year from December to
April can be totally precipitation free. Examples are the years 1998-1999, 2005-2006 and 20082009. The drought-like conditions, such as the dry conditions in Nepal as observed from
November 2008 to February 2009, during which the precipitation was nil at several stations,
agricultural production significantly fell down in Nepal. Dry pre-monsoon period and delayed
monsoon in 2009 resulted in the rice production below eleven percent of normal. Orange
production in Sindhuli fell down by more than fifty percent (Sharma, 2010). Table 4 presents
three recent studies on precipitation trends over Nepal.
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Table 4: Precipitation trends in Nepal
No. of
stations

Period

Trend

Reference

Annual Precipitation

80

1981-1998

-9.8 mm/decade

MoPE/UNEP (2004)

Monsoon Precipitation

80

1981-1998

8.4 mm/decade

MoPE/UNEP (2004)

Annual Precipitation

211

1977-2006

9.9 mm/decade

Sharma (2010)

Monsoon Precipitation

211

1977-2006

9.0 mm/decade

Sharma (2010)

1971-2012

7.0 mm/decade

DHM (2015)

Variable

Annual Precipitation

Although there is strong perception among farmers regarding declining dry season precipitation
in most parts of Nepal, the overall long-term trends are found almost insignificant. There has
however been a noticeable decline in the recent past, but it is not to establish long-term trends.
Figure 7 illustrates this fact using average precipitation from December to February recorded at
synoptic meteorological stations in Nepal.
Figure 7: Precipitation during winter months averaged over Nepal

Source: Nepal, 2015

A.3.3.1 Weather Forecasts
Seasonal hydrological and meteorological forecasts are another area that needs critical
assessment. Although existing system is inadequate for providing seasonal climatic outlooks,
the South Asian countries have been initiating scientific activities in this direction through WMOsupported South Asia Seasonal Climate Outlook Forum (SASCOF). The Forum, established in
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2012, meets every year in one of the South Asian countries to discuss seasonal forecasts
bringing out consensus statements. The forum, which has worked in providing forecast related
to the Southwest Monsoon, has started providing climate outlook for the winter season as well
from 2016. The forecasts are primarily based on El Niño/La Niña conditions, Indian Ocean
Dipole (IOD) conditions, winter/spring snow cover in the northern hemisphere and other regional
and global factors influence the region. The eighth SASCOF meeting was held in Sri Lanka in
April 2016 to develop consensus forecast for the 2016 monsoon. The forecast for 2016 was
“Above normal rainfall is most likely over much of South Asia.” Figure 8 presents the actual
progress of the 2016 monsoon averaged over the country.
Figure 8. Comparison between normal monsoon and 2016 monsoon precipitation.

The situation varies considerably by locality. Figure 9 presents the comparison of monsoon
2016 precipitation with normal monsoon precipitation in the project study area (Girwari and
Banganga). The figure indicates that monsoon was normal overall, but it had variations in terms
of stations and timing. For example, precipitation during 2016 monsoon in Bhairahawa was less
than normal but more in Girwari. It was almost normal in Patharkot. Also it was weak in August
but strong in September.
Proper irrigation and agricultural planning demands a judicious use of weather and climate
information. Adequate network of hydrological and meteorological stations with appropriate
application of instrumentation and data acquisition technologies can help provide data and
information to institution and communities working in the field of irrigation management.
Availability of high technologies in affordable prices, such as mobile telephone technology, has
helped in disseminating data, information and forecast even to an individual farmer.
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Figure 9. Comparison of 2016 with normal monsoon precipitation in the study area.

A.4

Climate Scenarios

There is a general consensus, supported by all climate models that the temperature will rise in
the future. IPCC (2013) has reviewed the results of many future scenarios and climate models,
which consistently show a warming trend. However, the projected increase in annual
temperature varies between scenarios and models, ranging from 2 to 5 0C of annual mean
temperature increase by the end of the Century.
As described in IPCC-AR5, climate models have improved since the Fourth Assessment Report
(AR4). Unlike AR4, which defines climate scenarios in terms of environment and economy, AR5
recommends the use of Representative Concentration Pathways (RCPs) as the standard set of
scenarios for future projections and that these supersede previous SRES scenarios. These take
into account climate policies, atmospheric models and carbon cycle models. Anthropogenic CO2
emissions from fossil fuel in RCP4.5 are similar to the B1 scenario used in AR4, whereas
RCP8.5 scenario is similar to A2 (IPCC, 2013). The range of values adopted in RCP and the
climatic projections can be summarized as given in Table 5.
Table 5: Expected values of climate change scenarios (IPCC-AR5)
Radiative Forcing (Wm-2) in
2100 relative to 1750

Peaking of radiative
forcing in 2100

CO2 concentration
(ppm) by 2100

CO2-eqv to include
CH4 and N2O

RCP2.6

2.6

Yes

421

475

RCP4.5

4.5

Yes

538

630

RCP6.0

6.0

No

670

800

RCP8.5

8.5

No

936

1313

Scenario

RCP-based climate projections are available from a number of climate models under the
Coupled Model Inter-comparison Project 5 (CMIP5). CMIP5 involved Atmosphere–Ocean
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General Circulation Models (AOGCMs) and Earth System Models (ESMs) developed by several
research centres from Australia, China, Canada, France, Germany, Italy, Japan, Korea,
Norway, Russia, the UK and the USA. CMIP5 models can capture more of relevant physical
processes of the earth in more detail. This is because CMIP5 models benefit from several years
of development in their parameterisations of small scale processes. For these reasons, this
section only refers to studies using the latest RCP scenarios and CMIP5 models. However,
Annex I provides information from various other studies conducted prior to the latest IPCC AR5
recommendations.
Based on the CMIP5 simulations under all four RCP scenarios used in the IPCC AR5, by 2035
projected increases in temperature will range between 0.3°C to 0.7°C relative to 1986–2005
baseline. Beyond this global temperature increases will considerably diverge across emission
scenarios. The increase of global mean surface temperature by the end of the 21st century
(2081–2100) relative to 1986–2005 is likely to range from 0.3°C to 4.8°C across the full range of
RCPs (Figure 10). Expected rise in temperature is more than two degrees Celsius in most of the
South Asian land surfaces in the 21st century.
Figure 10: Global Average Surface Temperature Change

Source: IPCC, 2013

There are greater uncertainties in future projections of precipitation with wide variants of
outcomes depending on choice of scenarios, methods of modelling, downscaling and locations.
Precipitation projections show strong spatial variability with increasing and decreasing trends in
different parts of the world. However, according to the IPCC AR5 it is virtually certain that, in the
long term, global precipitation will increase with increased global mean surface temperature. It
will likely increase by 1 to 3% °C-1 for scenarios other than RCP2.6.1 For RCP2.6 the range of
sensitivities in the CMIP5 models is 0.5 to 4% °C-1 at the end of the 21st century.
Climate Research Unit (CRU) under the University of East Anglia has been working in providing
climatic projection as a part of the ClimGen research program project. for different regions and
countries including Nepal (Climate Reserach Unit, 2016). The projections for 2oC above 19611990 baseline and the warming from 1oC to 4oC are presented for different countries including

1

This represents an increase in global mean precipitation at a rate per degree Celsius smaller than that of atmospheric water vapour
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Nepal. A few examples for Nepal are presented in Figure 11 which indicate increased
precipitation during monsoon but decrease in of precipitation in winter (Osborn, Wallace, Harris,
& Melvin, 2015). Whilst it is currently difficult to get a clear picture of precipitation change due to
large model uncertainties, these scatter plots suggest that annual precipitation change will be in
the range of -30 to +30% in MAM, -10 to +50% in JJA, -20 to +60% in SON, and -30 to +10% in
DJF.
Coloured open symbol presents the CIMP3 outputs. Coloured filled symbols and black letters
present the CIMP5 and QUMP outputs respectively. Inner circle presents one-standard
deviation, whereas outer circle presents two-standard deviation. Black dots provide the
estimates of natural variability, which is highly scattered in case of winter months compared to
monsoon months.
Monsoon rainfall is also characterized by large-scale inter-annual and seasonal anomalies. The
CMIP5 simulations indicated that it is likely that the area encompassed by monsoon systems
will increase and monsoon precipitation will intensify. For the Indian monsoon, CMIP5 models
project an increase in mean precipitation as well as its inter-annual variability and extremes
throughout the 21st century under all RCP scenarios. Although low confidence, all models
project an increase in heavy precipitation events but disagree on consecutive dry days (CDD)
changes. Regarding seasonality, model agreement is high on an earlier onset and later retreat,
and hence longer duration. This projected lengthening of the monsoon is consistent with current
observations in Nepal.
Figure 11: Scatter Plots for Precipitation Change in Nepal

Source: CMIP5

Figure 12 presents the relatively recent results of the climate projection in South Asia. The
projections are based on RCP6.0 scenario using MRI-AGCM3.2H model. Although the output is
based on a single model, it provides useful downscaling for South Asia as the resolution (60 km)
is higher than the CMIP5. The figure indicates higher rise in temperature with respect to
elevation in the Himalayan region. Expected rise in annual precipitation is also expected to be
higher in higher elevation in the Nepalese mountain environment. Figure 13 shows the mean
change in temperature (°C) and precipitation (%) by 2080-2100 from the 1984-2004 average on
the basis of RCP6.0 scenario.
Table 6 provides an overview of projections for South Asia for 2035 relative to the 1986-2005
average in the scenario of RCP 6.0 as summarized in the IPCC AR5 report (IPCC, 2013). The
projections are based on CMIP5 models. Despite significant range of uncertainties, all the
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predictions confirm rise in temperature. Expected change in precipitation, although more
towards rising trend, has been projected with range from negative to positive values (Table 6).
Figure 12: Projected changes in temperature and precipitation for South Asia

Source: <Insert Notes or Source>

Figure 13: mean change in temperature (°C) and precipitation (%) by 2080-2100 from the
1984-2004 average on the basis of RCP6.0 scenario

Source: GEB, 2014

Table 6. Projected climatic changes in South Asia for 2015 in the scenario of RCP6.0
Winter (DecemberFebruary)

Summer Monsoon
(July-Sept)

Annual

Temperature (oC)

0.3 to 1.3

0.2 to 1.1

0.3 to 1.2

Precipitation (%)

-7 to 14

-3 to 7

-2 to 7

.
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A.5

Conclusions and Recommendations

A.5.1

Conclusions

The IPCC fifth assessment report has highlighted issues for the South Asian region as a whole
which are relevant to Nepal and specifically to the project areas. One of the major issues is the
lack of sufficient observational records to draw firm conclusions. Despite limited observations
and limited studies, the IPCC studies report:
a) Highly variable trends with both negative and positive tendencies.
b) Declining monsoon depressions and increasing monsoon deficit
c) Increasing extreme rainfalls but decreasing light rain events.
Following conclusions can be drawn from the study:
a) Increase in annual average temperature will be small in the Terai. Mountainous areas
may expect rise in maximum temperature at the rate as high as 0.6oC per decade.
Expected average annual warming rate in the project area is 0.2 to 0.3oC/decade.
b) Long-term change in total annual precipitation is likely to be small but precipitation may
increase by 10 to 20% during summer monsoon and decrease by about 10% in the rest
of a year. Assessment of the records show slightly decreasing trends of precipitation in
central and western Nepal. Observed decrease in precipitation is more pronounced in the
last two decades. IPCC projection, as given in fifth assessment report, however, expects
increase in precipitation by up to 10% by the mid 21st century.
c) Irrigation systems need to take into account the observed as well as projected delayed
monsoon onset. Similarly, ENSO events needs to be monitored as weak monsoons are
expected during strong ENSO.
d) Based on literature survey, five percent changes are expected in extreme values. Twenty
year floods are likely to become 15 to 18-year flood.
e) Increase in irrigation water demand is expected as a result of rise in temperature,
reduction in precipitation and decrease in number of precipitation days have been found
in all the case studies, irrigation facilities need to be enhanced.
A.5.1.1 Recommendations
Major challenges regarding climatic changes and impact assessments are the wide range of
temporal and spatial uncertainties particularly in the case of precipitation. Small catchments in
Nepal are neither gauged in terms of stream-flows nor in terms of precipitation, and thus
assessments in this study were based on first hand observations and preliminary
measurements.
Most of the river basins gauged in Nepal are large in sizes and are in mountainous areas. By
contrast, the river basins considered in this study were relatively small in sizes with most of the
area lying in the Siwalik region. None of the Siwalik rivers have regular gauging facilities.
Given this backdrop, there is an urgent need to establish an experimental basin in the Siwalik
region with a well-equipped hydrological and meteorological monitoring system for the in-depth
parameterization required for hydrological models. Such exercises will help in reducing
uncertainties. In addition, establishing a monitoring system in Siwalik region would contribute in
understanding hydrological processes in an environment different from other physiographic
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zones of Nepal. Since most of the small and medium irrigation schemes in the Terai are based
on rivers with strong Siwalik component, monitoring and modelling of such areas has special
significance.
Since drought conditions are critical for the management of irrigation, detail drought
assessments are necessary as a follow-up research programs. Monitoring changes in
groundwater levels is another important area of research in the Terai areas as groundwater has
high potential in supplementing surface water irrigation.
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Annex 1: Older studies on climate
projections
Summary of Literature
The following tables presents a summary of additional literature on climate and hydrological
projections in the region.
Projection on temperature in Nepal and adjacent region
Region/Basin

Temperature

Asia

An increase in mean annual temperature for Higher Asia
ranging from 10C to 60C in 2100.

Reference

South Asia

Annual warming of 3.30C (summer 2.70C and winter 3.60C)
by 2100

Brahmaputra basin

2.5 to 3.5 o C warming in B2 during 2071-2100

(Gosain et.al, 2010)

Pakistan

4.8oC warming (annual temperature) by the end of 21st
century

(Akhtar et.al, 2008)

Yangtze River Basin

An annual temperature increase of approximately 3.5 °C
during 2070-2099in A1B scenario

(Gu et.al, 2015)

Ganges Basin

Rise in temperature 2.8–3.9 °C (A1B) to 3.5–4.8 °C (A2)
by 2100

(Jeuland et.al, 2013)

Indus basin

Glacier area reduced by 33% and glacier volume by 50%
in 2100 for RCP8.5

Indus Basin

Annual runoff will increase by 7-12% by 2050

Nepal

Temperature increase of 1.2oC, 1.7oC and 3oC for 2030,
2050 and 2100 respectively in B2 Scenarios

Nepal

The mean annual temperature of Nepal is expected to
increase by 1.40C by 2030, 2.80C by 2060 & 4.70C by 2090
based on GCMs and RCMs.

ISET-N (2009)

Koshi Basin

Maximum temperature increase by 0.3°C and minimum
temperature increase by 0.2 °C per decade in B1 scenario.

(Bharati et.al, 2014)

Koshi Basin

Temperature will increase by 0.86oC under A2 and by
0.79oC under B1 Scenarios in 2030s compared to baseline
1976-2005.

(Bharati et.al, 2012)

Langtang River

Increasing trend of 0.015 °C per year during 2010 to 2050.

(Kayastha et.al, 2014)

Langtang River

Increasing trend of 0.06 °C per year 2000 to2100

Poiqu/ Bhotekoshi/
Sunkoshi basin

Increase of the order 1–4°C with the greatest changes in
February and the least in March and November

(Khanal et.al, 2014)

Bagmati Basin

The average annual mean of maximum temperature was
predicted to increase by 2.1◦C under A2 scenario and by
1.5◦C under B2 scenario in 2080s in the Bagmati Basin

(Babel et.al, 2014)

Tamakoshi river
basin

The mean temperature is projected to increase at a rate of
0.0250C year

(IPCC, 2007)
(Christensen et.al, 2007)

(Immerzeel et.al, 2013)
(Lutz et.al., 2014)
(WWF, 2005)

(Immerzeel et.al, 2012)

(Khadka et.al, 2014)

Projection on Precipitation in Nepal and adjacent region
Region/Basin

Projection

South Asia

11% increase in annual precipitation

Brahmaputra basin

14% increase in precipitation

Hindu Kush
Himalaya

By 2046-2065 An increase in upstream rainfall of +25% for
the Indus,+8% for the Ganges, +25% for the Brahmaputra,
+5% for the Yangtze..
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Region/Basin

Projection

Reference

Ganges Basin

Overall increase in monsoon precipitation 12.5% under A1B
during the 1st epoch of 21st century.

Ganges Basin

Rainfall over the region spans from -22% to +14% by 2100

Nepal

Increase in precipitation by 5%, 7% and 12% for 2030, 2050
and 2100 respectively in B2 Scenarios.

Indrawati Basin

Decrease in precipitation by 0.9, 1.4, and 3.0% of baseline
by the 2020s, 2055s, and 2080s, respectively

(Sijapati et.al, 2014)

Koshi Basin

Decrease in precipitation by 1-3% in the 2030s and increase
by 8-12% in 2050s

(Bharati et.al, 2014)

Poiqu/ Bhotekoshi/
Sunkoshi basin

Total precipitation was projected to decrease from June to
August under all three scenarios. 100-year flood decreased
by 5% but 5-year flood increased by 20% in A1B scenario.

(Khanal et.al, 2014)

Tamakoshi river
basin

Mean precipitation is projected to increase at a rate of 4.7
mm/year.

(Khadka et.al, 2014)

Bagmati River
Basin

6 to 89% increase in the 24-hours maximum precipitation in
the upper Bagmati river basin.

(Pervez MS & Henebry GM,
2014)
(Jeuland et.al, 2013)
(WWF, 2005)

(Mishra BK, Herath S)

Projection on River Runoff in Nepal and adjacent region
Region/Basin

Discharge

Ganges

5% increase in discharge by 2070-2100

Ganges

Decrease in mean runoff by 17.6% by 2050

Sutlej

Reduced snowmelt by 11 to 13%; increased glacial melt
by 16 to 50%

(Singh P, Bengtsson L, 2004)

GBM Basin

Decreased pre-monsoon flow by 15% and Increased by
20% in other seasons in 2050s in the Ganges; 50-year
flood will become a 20-year flood in the Ganges and
Meghna and 35 year flood in Brahmaputra

(Hassan et.al, 2014)

Yangtze River
Basin

Runoff in northern part of Yangtze River will increase by
approximately 10 %, whereas that in the southern part
will decrease. 50, 20 and 10 year flood will change to no
more than 20, 10 and 5 year return period.

(Gu et.al, 2015)

Hindu Kush
Himalaya

Upstream water supply will decrease -8.4% for the upper
Indus, -17.6% for the Ganges, -19.6% for the
Brahmaputra, and -5.6% for the Yangtze.

(Vaidya RA, Sharma E, 2014)

Ganges Basin

20C rise in temperature would cause a 4% decrease in
runoff. 50C rise in temperature & 10% decrease in
precipitation would cause a 41% decrease in the runoff.

Indus basin

Glacier area reduced by 33% and glacier volume by 50%
in 2100 for RCP8.5

Indus Basin

Annual runoff will increase by 7-12% by 2050

Tamakoshi river
basin

Stream flow is also expected to increase in future at a
rate of 5.6mm/year.

Koshi Basin

The future RCM based projection show a decrease in the
long term monthly flow by more than 30% in the drier
months and an increase by more than 25% in the high
flow months.

Langtang River
Basin

A positive trend of discharge 0.003 m3/s per year over
the period 2010 to 2050.

Poiqu/ Bhotekoshi/
Sunkoshi basin

100-year flood decreased by 5% but 5-year flood
increased by 20% in A1B scenario.

Bagmati River

Temperature rise of 40C & precipitation increase of 10%,
the runoff would increase by 3.8%

(Chaulagain NP, 2006)

Langtang Khola

Temperature rise of 40C & precipitation increase of 10%,
the runoff would increase by 2.2%

(Chaulagain NP, 2006)

Bagmati River

Increase in temperature of 40C and an increase in
precipitation of 10%, runoff would increase by 11%
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Discharge

Reference
0

Karnali River

Increase in temperature of 4 C and an increase in
precipitation of 10%, runoff would increase by 1%.

(MoPE, 2004)

Narayani River

Increase in temperature of 40C and an increase in
precipitation of 10%, runoff would increase by 9%

(MoPE, 2004)

Koshi River

Increase in temperature of 40C and an increase in
precipitation of 10%, runoff would increase by 5%

(MoPE, 2004)

DHM 2007 Model Study
As an example of climate projections for Nepal, a study was carried out by DHM in mid-2000s
on climate change scenario for Nepal using a regional climate model RegCM3 with ECHAM5
GCM dataset for the A2 scenario (Karmacharya et al, 2007). RegCM3 is a three dimensional
regional climate model built upon the meso-scale model version 4 (MM4) of the National Centre
for Atmospheric Research. Precipitation and temperature recorded during 1961-1990 was used
to validate the model in Nepal dividing a year into four seasons: Pre-monsoon (March-May),
monsoon (June-September), post-monsoon (Oct-Nov) and winter (December-February). The
model outputs are summarized in the figure below. There are limitations with this analysis as
annual temperature and precipitation bias were found to be as high as 10oC and 1200 mm, with
the greatest precipitation bias present in the driest area of Nepal. However, we also stress that
results from just one RCM integration should not be used to frame any study, and these findings
are just indicative of changes that might occur.
Changes in Temperature in 2039-2069 compared to base period (1961-1990)

This single model indicates that the temperature increase would be greater for west Nepal (west
of 84o, the approximate longitude of Pokhara), but that East Nepal would be affected more by a
reduction in rainfall. Excluding the northern areas, which are less relevant for irrigation, the
maximum changes projected in Karmacharya (2007) are presented in the table below. It should
be noted, however that there are significant variations within these two regions, as illustrated in
the figures (Figure 2) from Karmacharya (2013) which are copied below. More importantly this is
just one model, and other models might indicate different results – irrigation will need to be
flexible to accommodate a wide range of potential changes in temperature and precipitation.
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Changes in Temperature and Precipitation by Mid-Century
Season

Precipitation total
East

Winter

0% to 20%

Pre-monsoon

+5% to -30%

Monsoon

-15 to -40%

Post Monsoon

0

to -20%

Mean Temperature
West

East

West

to 20%

+1.3 - 1.7

+1.5 - 2.3

+10% to --20%

0%
-5%
0%

+1.5 - 2.5

+1.5 - 1.9

to -20%

+1.7

+1.9 - 2.5

to +40%

+1.9

+2.1

Source: Karmacharya (2007)

Possible variations in climate predictions across the country

Karmacharya (2007)
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B. Study Watersheds – Climate and
Hydrology
B.1

Introduction

Irrigation water sources were investigated at five locations in five different districts: Kapilvastu,
Nawalparasi, Nuwakot, Sindhuli and Jhapa (Figure 14). The river basins were the Banganga,
Girwari, Likhu, Kamala and Biring. Figure 14 presents the meteorological stations in and around
the study area.
As shown in Figure 15, the Likhu catchment is located in the mid-hills region of central Nepal,
the Likhu river flowing from the east towards west.. All the other river basins considered in this
study originates in the Mahabharat region of Nepal with strong influence of Sivalik region. The
Sivalik region is the most fragile hills, hence, the rivers and its tributaries are responsible to
transport and deposit huge amount of sediment. The river channels are meandering with shifts
flowing most of the extreme flood events. The Sivalik region is also a region of high rainfall
intensity causing flash floods.
Figure 14. Locations of the studied catchments.
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Figure 15: Meteorological Stations in and around the project area.

B.2
B.2.1

Study Watersheds
Gadyauli Watershed, Sindhuli

As shown in Figure 16 the circular shaped Gadyauli watershed is drained by two almost same
sized rivers: Thakle and Gadyauli. The Thakle is slightly larger (13 km2) than the Gadyauli (12
km2). Figure 17 shows two rivers that merge few meter downstream to form the Gadyauli River.
Thakle River provides most of the water that irrigates Bardeutar. Gadyauli provides water to
Khulitar, a relatively flat land on the other side of the river. Elevation of the watershed varies
from 526 m at the intake site to more than 1700 m in the headwater area of the Gadyauli. Most
part of the watershed is covered by mixed forest. River sides are extensively cultivated in the
lower side of the valley.
Intake site is located at Hatti Daha downstream of the confluence of the Gadyauli Khola and
Thakle Khola at 27o 05.419’N and 85o 58.777E at 526 m. Measurement taken using float
method at different locations can be summarized as (Table 7):
Table 7: Gadyauli Catchment Flow measurements
River/Location
Thakle Khola at Khulitar Intake
Gadyauli Khola at Khulitar Intake
Bardeutar Intake
Lined rectangular canal 1km d/s of
intake
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Measured figures

Estimated discharge

W=10m, D=0.30m, V=0.7 m/s

2.2 m3/s

W=9m, D=0.3m, V=0.7 m/s

1.89 m3/s

W=3.2m, D=0.28m, V=0.7 m/s

0.63 m3/s

W=0.6m, D=0.6m, V=0.6m/s

0.22 m3/s
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Figure 16: Gadyauli river basin at Bardeutar Irrigation Intake Site

Figure 17: Gadyauli Khola looking upstream. Right side of the picture is the Thakle khola
and left side is the Gadyauli Khola
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B.2.2

Kamala River Basin - Sindhuli

Major tributary (the Gwang Khola) of the Kamala originates from Mahabharat range along
Sindhuliagarhi-Mahadecdanda the Sindhuli District of Nepal at an elevation of 1898 m. The
Kamala River itself originates in the Siwaliks merging into the Gwang Khola at Maithan, from
where it is called Kamala in Nepal and the Kamala-balan before it merges with the Bagmati
River in India. The headwater of the river, including the project area, lies in the Sindhuli district.
The river forms border between the Dhanusha and Siraha districts in the Terai. The river drains
about 7300 km2 in Nepal and about 4500 km2 in India. The headwater area of the Kamala basin
drains 570 km2. Figure 18 presents the watershed map of the basin draining at the intake site.
Figure 19 presents the river flow as observed from the right bank looking across the stream.
Figure 18: Kamala Basin at Hatpate

Figure 19: Kamala River at Hatpate near the irrigation intake site.
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The irrigation intake is located close to and upstream of a concrete bridge under construction
(27o 2.58’ N, 86o 4.12’ E). The bridge joins Sindhuli to the eastern part of Nepal on a proposed
highway passing through Katari, Gaighat, Chatara and Dharan. Two canals receive water
directly from one bifurcated part of the Kamala on its right side. There is no structure at the
intake, hence depends on manual desilting. The two source intakes are within 200 m distance.
Flows were estimated using a float method during a field trip on 22 September 2015. The
computed flows were 0.73 m3/s (W=6m, D=0.46m, V=0.6 m/s; triangular shape) on the
upstream intake and 0.5 m3/s (W=1.78 m, D=0.4, V=0.6 m/s, rectangular shape) on the
downstream intake. Flow measured in upper canal downstream at ward 6 was measured on a
rectangular lined canal which indicated decrease in flow to 0.14 m3/s (W=0.76 m, D=0.38 m,
V=0.5 m/s). Some parts (less than one percent) of the canal are lined canal but most parts are
maintained in a primitive manner.
Total water diverted from the Kamala is only about ten percent of the Kamala flow. The flow on
the Kamala was about 10 to 12 m3/s. The flows on the Kamala were sustained flows, almost
clean with not much flood impacts. As reported by the locals, the flows during spring decrease
to less than half of the present flow, that is the Kamala flow is likely to provide about 5 m3/s
discharges even in dry season for irrigation, which is adequate for irrigation if tapped properly.
Locals reported that there was a severe flood this year (2015) on the Kamala on 31 August
2015. We could see flood marks on most of the Khair trees in the island part of the river
channel. The marks were as high as half a metre indicating flooding of all over the river channel
with some spilling effects. They reported that the severest flood observed so far is the flood in
1993 monsoon which caused huge damages including several fatalities. Another floods in the
memory of locals is the 1982 flood and 1984 flood.
A real time-based precipitation gauging station is located at Milan Chowk, which is located
about three kilometers north of the Sindhuli Bazar on the way to Marin Kola. The station was
inspected and found that it is not only operating the Sindhuli, but also maintaining the database
of stations around the nearby areas. Some relevant data (severe rainstorm of some key days
and stations) collected at the station are presented in Table 8.
Meteorological records maintained by DHM show 355 mm rainfall in Bahuntilpung, about 35
kiloeter east of Sindhuligadhi received 355 mm precipitation on 17 September 1984. The event
causing severe damage in Kamala basin is one of the worst disasters in the area. The same
storm caused 115 mm rainfall in Sindhuligadi. The people-based information, hence, could be
validated with the DHM record regarding the past extreme events. The 2015 event is, hence,
one of the severest events as the precipitation in the area was widespread with records ranging
from 91.8 mm to 211 mm (Table 8). One hundred eighteen millimetre precipitation preceded the
211 mm event totalling 329 mm precipitation in two days.
Table 8. Severe rainstorm that cause severe flood on the Kamala in 2015.
Location
Sindhulimadi

Marin
Karmaiya
Source: this study
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Date

Precipitation, mm

25 August 2015

117.5

31 August 2015

211.3

2 September 2015

95.0

31 Aug 2015

91.8

1 Sept 2015

62.5

31 Aug 2015

142.3

1 Sep 2015

0.0
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B.2.3

Likhu Khola Basin - Nuwakot

The Likhu Khola (river) is a tributary of the Tadi River flowing ultimately to the Trishuli. The likhu
originats from from the Nuwakot-Sindhupalchwk border at Borlang and Mamache Danda. The
river draining 146 km2 at the intake site receives flows from the Chhahare Khola, Mahadev
Khola, Chinnaya Khola, Dhee Khola, Ghyampe Khola and Khahare Khola. The river flows
almost parallel to the Tadi before it merges with the Tadi at Dhikure Bazar (Figure 20).
Figure 20: Likhu Khola River Basin

Likhukhola is similar to the Phalankhukhola in terms of catchment area and source area
differing primarily in terms of irrigable lands, which is very limited in the case of Phalankhukola
located about 25 km north-west. Phalankhukhola has long-term hydrological data that needs to
be assessed to relate with the Likhu.
Streamflow on the Likhu was roughly estimated at 7 m3/s, enough for the diversion with existing
canal facilities. Discharge on the diversion canal was approximated on the basis of pipe flow
close to intake was estimated at 0.9 m3/s (Pipe size 0.8 m diameter, velocity about 1m/s, 0.7%
full). The 2071 flood on the Likhu was one of the severest flood observed.
A hydrological station has been operation on the Likhu under the Department of Hydrology and
Meteorology (Figure 21). The site was found to be unsuitable as the major part of the flow was
on the middle of the river, which the gauge was about 30 m away from the gauges. There was
only a part of the gauge visible indicating lack of maintenance by DHM. Observer was not
available as he was reported to be in Kathmandu. The site was difficult to access. Data are
likely to be poor in quality.
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Figure 21: Likhu Khola looking downstream (red circle indicates staff gauges).

B.2.4

Girwari Khola Basin

Girwari Khola basin, a circular basin in the headwater area and elongated downstream is a
tributary to the Narayani River basin (Figure 22). Figure 23 presents the topography and landuse pattern of the Girwari basin. Most of the basin area is covered by mixed forest and shrub.
Limited areas are used for agricultural purpose. All the basin area is below 2000 m. All the basin
area falls within Nawalparasi district. The watershed drains about 52 km2 at the major canal
head.
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Figure 22. Girwari River basin
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Figure 23. Land-use and topography: Girwari watershed.

B.2.5

Banganga River Basin

The Banganga River basin, a lifeline to the farming communities in the Kapilvastu district, has
most of its headwater areas extend to Arghakhanchi district. Some parts of the basin lie in the
Palpa district (Figure 24). With a dendritic pattern, the river drains about 187 km2 (Figure 25) at
Singeghat.
Figur 26 and Figure 27 present topographic map and land-use pattern respectively within the
Banganga River. The Banganga basin extends from 185 m at Singheghat to more than 2000 m
along northern boundary. Land-use pattern is primarily dominated by mixed forest. Significant
portion of the basin is also covered by terraced agriculture. Table 9 presents the nature of landuse distribution in the Girwari as well as the Banganga watersheds.
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Figure 24. Location map: Banganga river basin

Figure 25. Banganga river basin upstream of Singeghat.
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Figure 26. Topography: Banganga river basin.

Figure 27. Land-use map: Banganga river basin.

348293 | Final | 1 | 25 January 2017
CDKN RSAS0017: Final Report-Appendices

35

Mott MacDonald | Climate Resilience of Irrigation in Nepal
Final Report - Main Appendices

36

Table 9. Land-use (km2) in the Girwari and Banganga catchments
Land-use

Girwari

Banganga

Agriculture land

5.1

53

Grazing land

0.9

9

Rock/rock outcrop

1

Shrub

17.6

7

Mixed forest

28.4

117

Total

52.0

187.0

B.3
B.3.1

Climatic Changes in Study Areas
Temperature (Averages and Extremes)

The only station with a long temperature record is the station (Station No. 1014) at Lainchaur
(Indian Embassy) which provides data from 1921. The station was discontinued in 1975.
Trends on these data are negative until 1960s with warming trends afterwards (Sharma, 2000).
DHM has maintained a synoptic station at Tribhuvan International Airport in Kathmandu (Station
No. 1030). Figure 28 provides the minimum and maximum temperature trends based on the
observed data at the Airport station. The trends, indicated by the average temperature, show
warming at the rate of 0.51oC per decade from 1968 to 2014. The figure shows that the rate of
warming is higher in the case of average maximum temperature (0.69oC/decade) compared to
average minimum temperature (0.33oC/decade). Temperature trends of other key stations in the
vicinity of project area, Simara, Okhaldhunga, Janakpur and Bhairahawa Airport are presented
in Figure 29 to Figure 32.
Figure 28: Maximum and minimum temperature trends from 1968 to 2014 at Kathmandu
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Figure 29: Annual temperature trends at Simara from 1972 to 2014

Figure 30. Annual temperature trends from 1965 to 2014

348293 | Final | 1 | 25 January 2017
CDKN RSAS0017: Final Report-Appendices

37

Mott MacDonald | Climate Resilience of Irrigation in Nepal
Final Report - Main Appendices

Figure 31. Annual temperature trends from 1971 to 2014 at Janakpur

Figure 32. Annual temperature trends from 1971 to 2016 at Bhairahawa Airport..
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Table 10 presents the summary of temperature trends of the four major stations in the vicinity of
the project area for the forty-year period from 1976 to 2014. All the stations show increasing
maximum temperature.
Table 10. Temperature trends in the vicinity of project area.
Inde
x No

Location

Average

Extreme

Average

Extreme

1030

Kathmandu

0.069

0.058

0.033

0.043

0.051

1206

Okhaldhunga

0.058

0.052

0.035

0.000

0.035

Simara

0.008

0.005

0.022

-0.011

0.015

Janakpur

0.010

0.020

0.030

-0.020

0.019

Bhairahawa

0.017

0.001

0.027

0.022

0.022

909
1111
705

B.3.2

Maximum

Minimum

Mean

Hot and Cold Days

More subtle indicators than annual average temperature are more important for agriculture. For
example, the pattern of changes in number of warm and cold days on the basis of temperature
recorded at Kathmandu Airport, which is presented in Figure 33, indicated marked increases in
the number of warm days and decreases in the number of cold days – which will have a direct
impact on irrigation demand. Days with an average temperature below 12oC are considered
cold days, and warm days are the days exceeding 24oC. Although less significant, there are
increasing trends of hot and cold days in Bhairahawa (Figure 34).
Figure 33. Trend of warm days (Tmean>24oC) and cold days (Tmean<12oC) in Kathmandu
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Figure 34. Trend of warm and cold days in Bhairahawa,

Hot Days and Cold Days in Bhairahawa Airport (Station No.
705)
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B.3.3
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Precipitation

Figure 35, Figure 36, Figure 37, Figure 38, Figure 39 and Figure 40 illustrate the trends of
annual and monsoon precipitation at DHM stations located at Kathmandu, Sindhuligadi, Tulsi,
Bhairahawa, Beluwa-Girwari and Patharkot respectively. Sindhuligadi represents the
headwater area of the Kamala basin, whereas Tulsi represents the Kamla basin command area.
Similarly, Kathmandu represents the divide between Kamala and Likhu watersheds. BeluwaGirwari represents the Julfetar-Basantapur area whereas Patharkot represents Banganga.
Except the records of Sindhuligadi, which had statistically significant decrease in annual and
monsoon precipitation, none of the trends are statistically significant. Furthermore, three
stations show decreasing tendencies of precipitation whereas other three stations show
increasing tendency of precipitation.
Figure 41, Figure 42, Figure 43, Figure 44, Figure 45 and Figure 46 present the trends of daily
extreme precipitation. These figures also include seasonal amount of precipitation recorded
during dry periods. None of the daily precipitation as well as dry season precipitation indicated
statistically significant trend. Three stations indicated increasing tendency of annual extreme of
daily precipitation and the other three indicated decreasing tendencies. Four stations had
increasing trends of dry season precipitation.
Figure 47 to Figure 50 present the details of precipitation time series based on precipitation
threshold. The threshold precipitation considered include the daily records (published by DHM)
of precipitation as follows: <=1 mm, >=10 mm, >=20 mm, and >=50 mm. The figure indicated
decreasing number of days with low precipitation (<=1 mm) in all the cases. Precipitation
greater than 50 mm in a day and precipitation greater than 100 mm in a day were increasing in
all cases but one. It demonstrates the increasing variability of rainfall with time on long-term
basis. None of the trends are significant at five percent level of significance.
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Figure 35. Annual and monsoon precipitation from 1968 to 2014 at Kathmandu.

Figure 36. Annual and monsoon precipitation from 1955 to 2014 at Sindhuligadi.
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Figure 37. Precipitation trend from 1955 to 2014 at Tulsi station.

Figure 38. Precipitation trend from 1970 to 2016 at Bhairahawa Airport.
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Figure 39. Precipitation trend from 1958 to 2016 at Beluwa-Girwari.

Figure 40. Precipitation trend from 1978 to 2016 at Patharkot.

348293 | Final | 1 | 25 January 2017
CDKN RSAS0017: Final Report-Appendices

43

Mott MacDonald | Climate Resilience of Irrigation in Nepal
Final Report - Main Appendices

Figure 41. Extreme precipitation trends at Kathmandu Airport from 1968 to 2015.

Figure 42. Extreme precipitation trends at Sindhuligadi from 1955 to 2014.
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Figure 43. Extreme precipitation trends at Tulsi from 1956 to 2014.

Figure 44. Extreme precipitation trends at Bhairahawa Airport from 1970 to 2016.
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Figure 45. Extreme precipitation trends at Beluwa-Girwari from 1958 to 2016.

Figure 46. Extreme precipitation trends at West Patharkot from 1978 to 2016
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.
Figure 47. Number of days with threshold precipitation from 1968 to 2014 at Kathmandu.

Figure 48. Number of days with threshold precipitation from 1970-2014 at Bhairahawa
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Figure 49. Number of days with threshold precipitation 1973 to 2015 at Bhairahawa

Figure 50. Trend of number of days with threshold precipitation 1958 to 2015 at Beluwa.
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Table 11: Precipitation trends in and around project areas based on DHM records.
Index
No.

Location

Period of
record

Annual
mm/yea
r

Monsoo
n
mm/yea
r

703

Butwal

1954-2014

-7.4

-7.1

-1.5

0.4

704

Beluwa

1958-2015

6.4

3.7

-0.1

0.8

705

Bhairahawa Airport

1966-2015

-0.5

8

0.2

0.9

707

Bhairahawa Agri Stn

1968-2014

5

5.6

-0.7

0.3

716

Taulihawa

1979-2014

-5.8

-5.2

-0.5

-1

721

Patharkot

1972-2015

-4.26

-5.39

0.4

1

728

Simari

1981-2014

7.7

0.869

2.39

0.9

0.16

0.07

0.03

0.47

Daily
Extreme
Mm/day/year

Dry
Season
Mm/year

Western Terai

Average
Central Nepal
909

Simara

1966-2014

-2.37

-1.39

-1.11

-1.13

1005

Dhading

1956-2014

-16.7

-12.9

-1

-0.28

1007

Kakani

1962-2014

2.3

1.9

0.029

0.89

1030

Kathmandu Airport

1968-2015

4.42

3.73

0.23

0.59

1057

Pansayakhola

1973-2014

-4.64

-7.41

-0.17

1.35

1107

Sindhuligadi

1962-2014

-32.4

-24.2

-3.44

-3

1108

Bahuntilpung

1958-2014

0.37

-0.93

-1.73

0.59

1110

Tulsi

1956-2014

-1.48

-1.26

-0.63

0.126

1111

Janakpur

1969-2014

5.55

4.25

1.74

0.22

1117

Hariharpur

1978-2014

2.4

1

-1.19

0.16

1115

Nepalthok

1948-2014

-0.16

-2.07

-0.83

-0.34

1206

Okhaldhunga

1948-2014

2.85

0.04

0.33

-0.15

-3.322

-3.27

-0.648

-0.081

Average

B.3.4

Precipitation Extremes – Biring Khola

Siwalik foothill region is a region of high precipitation intensity. Details of the nature of
precipitation in this region, however, is severely lacking as the rain gauge stations measure only
daily precipitation. DHM has recently introduced data logging system in some of its rain gauge
stations which can provide rainfall intensity on hourly interval.
The Biring Khola in Jhapa recorded historical flood , experienced first time as reported by the
local inhabitants. Since no precipitation data are available in the area, we assessed
precipitation stations near headwater areas of the Bering watershed. Figure 51 presents the
frequency of daily maximum precipitation recorded at Ilam, Kanyam and Soktim. Comparision of
100-year precipitation at these locations indicate that the rainstorm that caused a devastating
flood in Jhapa in 2014 was close to 100 year flood. Precipitation intensity for short duration
(hourly precipitation) exceeded 60 mm/hr (Figure 52).
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Figure 51. Frequency analysis of daily precipitation in Eastern Nepal North of Jhapa.
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Figure 52. Intensity of extreme precipitation during the disastrous 2014 flood in Jhapa
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B.4

52

Streamflow in Study Areas

Basic data on the river basins si given in Table 12.
Table 12. Basic basin data
River Basin

Banganga

Girwari

Kamala

Likhu

Gadeyuli

Biring

Basin Area (km2)

187

49

570

146

25

61

Area above 2000 m (km2)

0.7

0

0

21

0

0

Average Elevation (m)

977

862

698

1469

988

1070

Maximum Elevation (m)

2230

1720

1900

2710

1710

1760

Minimum Elevation (m)

162

266

260

616

526

214

Annual Precipitation (mm)

2200

2200

2200

2200

2200

2200

Monsoon Precipitation (mm)

1760

1760

1760

1760

1760

1760

Mean monthly flows estimated by using regional approach (WECS/DHM, 1990) are presented in
Table 13. The regional approach was also used to estimate instantaneous flood peaks and 7day low flows on the three rivers as presented in Table 19. The regional approach, developed
on the basis of multiple regression, uses the following data (Table 18) and the following
equations to estimate discharges. Computations are based on IPCC scenarios and on the basis
of existing trends.
Monthly mean flows (January to May) = f (area of the basin)
Monthly mean flows (June to December) = f (area of the basin, monsoon precipitation)
Flow duration = f (area of the basin, monsoon precipitation)
Low flow = f (area of the basin)
Instantaneous peak flow = f (area of the basin)
The results are presented in Table 13, where Q2050 indicates the projected flows in 2050
based on IPCC AR5 regional estimate, and Qtrend indicates the projected flows in 2050 based
on extrapolation of existing trends
Table 13: Estimated monthly flows based on regional approach
Kamala
Jan

Banganga

Likhu

Existing

Q2050

Qtrend

Existing

Q2050

Qtrend

Existing

Q2050

Qtrend

7.0

7.0

7.0

2.4

2.4

2.4

1.9

1.9

1.9

Feb

6.0

6.0

6.0

2.0

2.0

2.0

1.6

1.6

1.6

Mar

5.5

5.5

5.5

1.8

1.8

1.8

1.4

1.4

1.4

Apr

6.0

6.0

6.0

1.9

1.9

1.9

1.4

1.4

1.4

May

8.5

8.5

8.5

2.5

2.5

2.5

1.9

1.9

1.9

Jun

26.8

27.6

26.8

9.0

9.1

8.8

7.0

7.1

6.9

Jul

83.1

85.6

83.2

27.5

27.8

27.0

21.4

21.7

21.0

Aug

98.7

101.8

98.8

33.1

33.5

32.5

25.9

26.2

25.4

Sep

75.3

77.9

75.3

25.5

25.8

25.0

20.0

20.2

19.6

Oct

32.9

33.9

32.9

11.1

11.3

10.9

8.7

8.8

8.6

Nov

14.1

14.8

14.1

5.0

5.1

4.8

3.9

4.0

3.8

Dec

9.1

9.5

9.1

3.2

3.3

3.1

2.5

2.6

2.5

Ann

31.1

32.0

31.1

10.4

10.5

10.2

8.1

8.2

8.0
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Girwari
Jan

Gadyauli

Biring

Existing

Q2050

Qtrend

Existing

Q2050

Qtrend

Existing

Q2050

Qtrend

0.6

0.6

0.6

0.33

0.33

0.33

0.79

0.79

0.79
0.68

Feb

0.5

0.5

0.5

0.28

0.28

0.28

0.68

0.68

Mar

0.5

0.5

0.5

0.25

0.25

0.25

0.60

0.60

0.60

Apr

0.5

0.5

0.5

0.23

0.23

0.23

0.58

0.58

0.58

May

0.6

0.6

0.6

0.28

0.28

0.28

0.74

0.74

0.74

Jun

2.4

2.4

2.3

1.21

1.20

1.19

2.94

2.98

2.89

Jul

7.1

7.2

7.0

3.60

3.59

3.54

8.87

8.98

8.72

Aug

8.7

8.8

8.6

4.46

4.44

4.38

10.8

11.0

10.7

Sep

6.8

6.9

6.6

3.48

3.46

3.41

8.41

8.53

8.25

Oct

3.0

3.0

2.9

1.52

1.52

1.50

3.68

3.72

3.62

Nov

1.4

1.4

1.3

0.72

0.71

0.70

1.70

1.73

1.65

Dec

0.9

0.9

0.9

0.47

0.47

0.46

1.11

1.13

1.08

Ann

2.7

2.8

2.7

1.40

1.40

1.38

3.41

3.45

3.35

Table 14: Flood Flows: Instantaneous Peak Discharge (m3/s)
T

Kamala

Banganga

Girwari

Likhu

Gadyauli

Biring

2

495

187

58

150

33

70

10

927

382

133

314

79

157

20

1108

467

167

386

101

198

50

1353

587

217

488

133

255

100

1546

684

259

571

160

303

Gadyauli

Biring

Table 15: Minimum Flows: 7-day low flows (m3/s)
T

Kamala

Banganga

Girwari

Likhu

2

4.52

1.47

0.38

1.14

0.19

0.47

10

3.30

0.95

0.18

0.71

0.07

0.24

20

3.03

0.84

0.14

0.62

0.05

0.20

Table 23 presents the measured stream flows at key stations where the water sources are
tapped for irrigation purpose. The discharges are lower than the values estimated by the
regional approach, the main reason being the difference between natural flows and the flows
under the influence of irrigation and other water uses in upstream areas.
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B.5
B.5.1

Rainfall 2015/16 in Project Area
Monsoon

DHM announced the onset of monsoon in 2016 on 15th of June (DHM, 2016). Since the normal
date of the onset of monsoon in Nepal is 10th June, it was delayed by five days in 2016. As
announced by the India Meteorological Department (IMD), the Southwest monsoon retreated
from Nepal on the 14th of October 2016 (IMD, 2016). These observations are consistent with
the trends in monsoon (delayed onset and longer duration), described earlier.
Because of the higher level of data quality, number of climatic parameters and length of records
(50 years), the synoptic meteorological station located at Bhairahawa Airport (Station No 0705)
was selected as a reference station for climatic assessments. The station, operated and
maintained by DHM, is located at about 36 km southeast of Jitpur (Banganga) and 65 km
southwest of Girwari. The DHM precipitation station located at Beluwa (Station No. 704) was
taken as a representative station for the Girwari area and the DHM station located at Patharkot
(Station No 721; observer Mr Jiblal Bhusal) was considered as a representative station for the
Banganga catchment area.
One station each on the Girwari catchment and the Banganga catchment were established by
our team to compare the observations during the 2016 summer monsoon for comparative
assessment and for the recording of extreme events associated with potential threats to
irrigation schemes (Figure 53). Observer at the Basantapaur (Girwari) recorded precipitation
and temperature from the beginning of June 2016 to the end of September 2016, completing
the complete monsoon months. The observer at in Banganga, however, was able to record the
observation from the beginning of June to the end of August 2016 only. Since the precipitation
was accumulated within the rain gauge during our visit on the second of October, we could
measure the total for September, which totaled at 600 mm. Figure 54 and Figure 55 illustrates
the comparison of the recorded precipitation and temperature.
Figure 53. A rain gauge and a maximum-minimum thermometer installed at Basantapur, Girwari.
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Table 16 indicates that precipitation is significantly higher in the Siwalik foothill areas compared
to the southern part of the Terai. Monsoon precipitation at Girwari was almost two and half times
more than the precipitation recorded at Bhairahawa. DHM station at Patharkot, also close to the
Siwaliks, recorded almost one and half times the precipitation at Bhairahawa. The precipitation
recorded at Singeghat and Beluwa was almost double the precipitation of Bhaurahawa. On the
other hand, temperature was not significantly different within the Terai from Siwalik foothills to
the Nepal-India border (Table17 and Figure 54).
Table 16. Comparison of precipitation depths during monsoon among DHM and Project Stations.
Bhairahawa
(0705)

Girwari

Singeghat

Beluwa (0704)

Patharkot
(0721)

June

224

699

310

632

323

July

793

1727

1304

1167

811

Aug

45

328

224

209

289

Sept
Monsoon

228

705

600

662

463

1291

3459

2439

2671

1886

Table 17. Comparison of average temperature (oC) during monsoon ( DHM and Project Stations).
Bhairahawa (0705)

Girwari

Singeghat

June

31

31

33

July

30

30

31

Aug

31

32

34

Average

31

31

33

Figure 54. Comparison of average temperature between DHM and Project Stations
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Figure 54 presents the comparison of recorded precipitation among stations established by the
project and nearby DHM stations. Two rainfall events that caused devastating floods in Girwari
and in Banganga are listed in Table 22.
Figure 55. Comparison of daily precipitation between DHM and Project Stations

Table 18. Extreme precipitation events in Girwari and Shringighat areas during the fourth week in
July 2016 (yellow colour indicates extreme precipitation exceeding 200 mm/day).
Singeghat

Beluwa (0704)

Patharkot
(0721)

71

44

30

36

0

100

42

0

Bhairahawa
(DHM Stn
0705)

Girwari

19-Jul-16

30

20-Jul-16

33

21-Jul-16

6

23

10

150

4

22-Jul-16

123

122

52

225

72

23-Jul-16

102

365

14

67

8

24-Jul-16

2

124

127

13

22

25-Jul-16

51

11

83

83

25

26-Jul-16

72

170

411

83

260

27-Jul-16

9

127

46

19

57

28-Jul-16

37

0

6

0

7

B.5.2

Floods and Droughts

Floods and droughts are frequent phenomenon in the project areas. Inundation and riverbank
cutting are the major hazards related to floods, whereas extensive damages in food production
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with lack of moisture is a major hazard during drought conditions. Banganga area has suffered
severe drought conditions in 2001 and 2004. Production loss has been estimated as high as
70% in 2001 (Gautam et al, 2007). Gautam et al has also reported cases of cold waves as a
major hazard with damages to winter crops.
The year 2016 was the year of drought as well as flood. Two millimetre precipitation recorded
on 11 December 2015 was followed by two rainfall events in January, one in February 2016 and
two in March 2016. There was no precipitation event in April. Figure 56 illustrates the wilting
conditions of the maize plants in Julfetar area. Situation improved only from the second week of
May 2016 with isolated thunder showers in most of the days.
Figure 56. Wilting maize plants at Julfetar, Girwari on 2 May 2016.

Banganga as well as Girwari areas have experienced severe floods in the past. Some of the
severe floods in record are the floods of 1962, 1971, 1974, 1975, 1976, 1998, 2000, 2002, 2003
and 2005 (Gautam et al 2007). Locals reported that the 29th September 1981 flood was the
severest one in their memory, when interviewed in the first week of May 2016; however, as
reported by the locals, the July 2016 flood surpassed all the historical floods in magnitude at
least for the period of the last forty years. the Banganga river flood overtopped the abutment
wall at Singeghat canal structure (Figure 58).
The flood on 27 July 2016) on Banganga at Singeghat was estimated to be about 570 m3/sec,
using the broad-crested weir formula
Q = CLH3/2; C = (2/3)3/2(g)1/2
g = 9.806 m/s; C = 1.704 m1/2 S-1
L = 53 m; H = 3.4 m
Observations indicated extensive widening of the river as a result of bank cuttings by the Girwari
river (Figure 57). Besides the July flood, another severe flood was observed on the Girwari
River on 18-19 September 2016. Record at DHM station in Beluwa measured a precipitation
total of 137 mm on 18th September. Similarly, the station established by the project at
Basantapur measured precipitation at 212 mm.
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Figure 57. Widening of river during the July 2016 and September 2016 extreme flood events.

Figure 58. Singeghat irrigation scheme with the highest flood level observed on 27 July 2016.
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Table 19. Measured flows with float method at different location in the Girwari and Banganga catchments
2016

River

Location

Lat

Long

30-Apr

Girwvari K.

Jhyalbas

27 41.652

84 03.560

30-Apr

Girwari K.

Jhyalbas

27 41.478

84 03.474

01-May

Girwari K.

Intake u/s
susp.bridge

27 42.552

84 03.468

01-May

Jhyalbas Canal

Intake u/s
susp.bridge

27 42.552

01-May

Julfe Canal

Broad crest weir

27 40.618

Width
(m)

Depth
(m)

Vel
(m/s).

Adj. Vel.
(m/s)

3

0.1

0.4

0.24

1.3

0.11

1.2

0.72

1.2

0.18

0.75

0.45

84 03.468

1.2

0.12

0.46

0.276

84 02.696

1.78

0.065

Area
(m2)

Disch.
(L/s)

Elev.
(m)

0.3

72

232

0.143

103

229

0.216

97

266

0.144

40

264

0.1157

50

214

01-May

Grwari

Highway Bridge

27 34.485

84 00.100

1.4

0.12

0.3

0.18

0.168

30

134

03-May

Banganga

Baidalpur Canal

27 43.420

83 11.837

1.4

0.12

1

0.6

0.168

100

149

03-May

Banganga

Basantapura

27 42.919

83 11.441

1.2

0.08

0.67

0.402

0.096

39

147

03-May

Banganga

Jagadishpur outlet

27 34.786

83 04.106

0.7

0.08

0.4

0.24

03-May

Banganga

Niglihawa

27 39.979

83 06.880

12.4

0.06

04-May

Kaila Nadi

Highway Bridge

27 40.809

83 07.051

3.2

0.13

0.67

0.402

0.056

13

90

0.744

310

111

0.416

167

104

04-May

Harkur Khola

Highway Bridge

27 40.387

83 04.642

Some ponding but no flow

99

04-May

Kundra Khola

Highway Bridge

27 40.049

83 03.504

About 10 L/s

114

04-May

Belub-Gurdawa

Highway Bridge

27 39.494

82 59.848

0.18

12

104

04-May

Banganga

Weir LB

27 43.903

83 11.869

162

Weir RB

3

0.06

0.1

0.06

3

0.2

0.5

0.3

0.6

180

1.6

0.22

0.3

0.18

0.352

63

2.3

0.09

18

0.2

0.4

0.24

3.6

864

0.65

0.2

1

0.6

0.13

78

total
04-May

Banganga

Bakhanpur Canal

04-May

Banganga

Hedwater
Canal LB
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C. Irrigation
C.1

Introduction

This project aimed to identify ways to increase the resilience of small and medium irrigation
systems in Nepal. The overall objectives are to:


Improve the approach and methodology of the Government of Nepal and other stakeholders
with regard to planning and delivery of efficient, effective, equitable and climate-resilient
irrigation systems.
 To generate new and transferable knowledge by assessing cross-sectoral decision-making
processes institutions and policy for irrigation development, management and resource
governance.
 Provide a framework to identify entry-points and options to increase the resilience and
effectiveness of small and medium scale irrigation systems, accounting for potential impacts
of climate change to these systems, and contributing to the resilience of small and medium
scale farmers.
 To ensure that the new framework plans and standards are well understood by the relevant
governing and implementing parties, to maximise their implementation.
This research project was undertaken in Nepal during March 2015 to December 2016 by an
integrated team of national and international consultants, working closely with the Department of
irrigation in Nepal. The study employed following key methodologies
 Irrigation and agriculture sector analysis
 Field studies (observation, measurements, HH survey, FGDs, and key informant interviews)
 Consultations
 Development of a framework
The framework document is the main output of this project, and outlines the policy, regulatory
and investment options required to increase the resilience and effectiveness of small and
medium scale irrigation systems.
This report examines irrigation management from the perspective of climate change. It first
presents two case studies on the Julphe and Singeghat irrigation systems in western Nepal.
This is followed by short discussions on impact of climate change on irrigation management and
local level adaptation, with recommendations. Separate appendices cover mining of riverbed
materials and a discussion of Nepal’s new constitutions and likely changes.

C.2
C.2.1

Julphe Irrigation System
Introduction

The Julphe Irrigation System falls under the Deurali Village Development Committee (VDC) and
the Madhyabindu Municipality in the Nawalparasi District in the Western Development Region of
Nepal. It is located at the foothills of the Mahabharat mountain range, about 6 to 10 km north of
Chormara village located along the Narayanghat-Butwal Highway about 40 km west of the
Narayanghat town. This area has a sub-tropical climate. The Julphe Irrigation System serves
about 200 ha of land. From the perspective of irrigation management, the system is divided into
three sub-systems, namely Julphe, Koliya and Basantpur located at the head, middle and tail
ends of the system’s command area respectively (Figure C.1).

348293 | Final | 1 | 25 January 2017
CDKN RSAS0017: Final Report-Appendices

60

Mott MacDonald | Climate Resilience of Irrigation in Nepal
Final Report - Main Appendices

Figure C.1 Layout map of the Julphe Irrigation System
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The Girwari River, a perennial river, is the main source of water for the system. It is a tributary of
the Narayani River, and flows from north to south. In this area, the river discharges into a wide
river valley from a narrow valley of the Mahabharat mountain range. This has resulted in the
formation of bed bars and islands of coarse materials (pebbles, gravel and boulders), which are
being mined extensively. The average overall width of the river at the diversion point of the
Julphe Irrigaton System is about 200 m.
Five other irrigation systems (kulo) listed below also divert water from this river
● Jhyal Bas ko kulo
● Tribhuvan Tar ko kulo
● Bari Kulo
● Goyari kulo
● Aakase kulo
Of the above irrigation systems, the Goyari kulo irrigates lands on the right bank of the Girwari
River, while the remaining kulos irrigate lands on the left bank (Figure 2.1).
All above irrigation systems have temporary diversion weirs. The first three irrigation systems on
the left bank are located upstream of the Julphe Irrigation System, while the Aakase kulo is
located on its downstream.
C.2.2

Historical development

Farmers believe that the present irrigation system was first constructed by a zamindar during
the 1910s to irrigate small patch of land in the Julphe sub-system, located at the present head
end of the Julphe Irrigation System. The zamindar used to mobilize the available tenants to
maintain the system, and the water rights were attached to the land. Paddy was the only crop
grown in the area.
In the 1960s, migration of the mountain communities from the nearby hills increased. People
started settling in the area by encroaching on the forest. By the early 1970s, large areas of
forest had been converted into cultivated land.
During the early 1970s, because the farmer population had increased, the farmers of Basantpur
and Kolia sub-systems united and entered into an agreement with the farmers of the Julphe
sub-system to rehabilitate the main canal. The main canal, whose width at that time was 3
haath2, was widened to 5 haath, and was extended up to the Basantpur Village. The farmers of
Kolia and Basantpur acquired the right to two-fifths of the incoming water in the main canal.
To divide the water according to the agreed upon shares, wooden proportioning weirs were
introduced. A proportioning weir placed at Girwari divides the incoming water into two parts, one
of which goes to the Julphe sub system, and the other to Kolia and Basantpur subsystems. The
water shares of Kolia and Basantpur are further divided by placing a proportioning weir at
Hattigaunda. The division of water shares was based on the amount of resources mobilized by
the sub-systems.

2

Haath is a measure of distance. One haath, which is equal to the distance from the elbow to the tips of
the fingers, is approximately equal to 0.45 m.
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Since 1975, all three areas, Julphe, Kolia and Basantpur, have been functioning as independent
sub-systems with independent shares of water. Each of them has its own organizational and
institutional arrangements.
Within each subsystem, water shares are further allocated to various sections, sub-sections and
individuals based on the resources they mobilized. Since this rehabilitation, water share is no
more attached to the land. Farmers consider their water shares to be private property.
C.2.3

Climate

C.2.3.1 Perceptions
Figure 2.2 and 2.3 present farmer’s perception on the recent climatic variations, mainly
temperature and rainfall, compared to a decade ago. The Nepali month “Baisakh” corresponds to
Mid April to Mid May. Remaining Nepali months should also be read accordingly while examining them as
per English calendar.

Temperature indicators
4: Hot; 3: Warm; 2: Plesant: 1: Cold

Figure C.2: Farmer’s perception on temperature

Temperature Variation
4.0
3.5
3.0
2.5
2.0
1.5
1.0

10 year ago

2072BS

Figure C.2 suggests that from Jestha to Bhadau (Tentatively May to August), days are getting
hotter compared to a decade ago. This variation, however, is less during the spring and winter
seasons indicating that winters are also getting warmer. Farmers’ also reported that cold days
are decreasing. In sum, above climatic variations on temperature as perceived by farmers
match well with the long term recorded temperature of the area3

3

Refer (KPS, 2016) for long term temperature data of the area
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Rainfall Indicator
3: Good; 2: Moderate; 1: Less; 0: No rain

Figure C.3: Farmer’s perception on rainfall

Rainfall
3.0
2.5
2.0
1.5
1.0
0.5
0.0

10 year ago

2072BS

With regard to the rainfall, farmers these days are experiencing relatively less rainfall compared
to a decade ago (Figure 2.3). This is specifically true in the case of monsoon season. Even
during the post winter and pre-monsoon seasons, farmers feel that rainfall is decreasing.
C.2.3.2 Rainfall
Recognizing this, rainfall characteristics of the Beluwa- Girwari station were examined, which
however suggests an increasing trend of average annual and monsoon rainfall (Figure C.4).
The trend of average annual / monsoon rainfall as presented by Figure C.4 is against the
farmers’ perception on rainfall variation, which however may also have been influenced by an
unusually dry year in 2015.
It seems that farmer’s perception on rainfall is derived largely from their assessment of how well
it meets agricultural needs for water (especially crop water requirements). As a result, farmers
may have felt a more profound impact from the reduction in rainfall compared to decade ago,
even though in reality the quantum of total annual rainfall may not have reduced by much. This
necessitates assessing the rainfalls that are useful for agriculture. In this context, it is useful to
analyze the distinction between total rainfall and effective rainfall, and how timely is the rainfall
(rainfall reliability).
One may argue that it is not relevant to examine the effectiveness of rainfall in an irrigated
agriculture as irrigation itself meets crop water requirement. But, as most of the irrigation
systems in Nepal, including Julphe Irrigation System, are designed for supplementary irrigation,
availability of rainfall is critical even for irrigated agriculture.
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Figure C.4: Precipitation trend from 1958 to 2016 at Beluwa-Girwari.

C.2.3.3 Effective rainfall
Effective rainfall is the part of rainfall which can actually be used directly by crops. The rainfall
characteristics outlined below indicate to what extent a given rainfall can be effective in meeting
agricultural needs of water.
● Rainfall of high intensity (or large amounts) that produce surface runoff should be considered
to be of reduced value for agriculture. So, high intensity rainfalls are not effective.
● Rainfall after the crop reaches physiological maturity is non beneficial, and such rains are not
effective
● Small rains are important, not only in the amount of water received but also because of the
associated decrease in the potential evapotranspiration due to cloudy and humid conditions.
● Rain water retained by the plant canopy contributes to the satisfaction of the meteorological
evaporative demands. This results in a consequent reduction in use of soil moisture.
Above rainfall characteristics suggest that small and timely rains are highly effective for meeting
the agricultural needs of water compared to high intensity erratic rains. Recognizing this, rainfall
patterns of the Beluwa-Girwari station were examined, and its characteristics is presented
through Figure C.5
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Figure C.5: rainfall days (Beluwa- Girwari station)
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Figure C.5 suggest that days with smaller rains (up to 50 mm) are decreasing. This
phenomenon of decreasing small rains, which are more effective for crops, supports farmers’
perceptions of decreasing rainfall compared to decade ago.
C.2.3.4 Timeliness of rainfall
Furthermore, timely rainfall is equally important especially during the flowering and grain
formation periods of crop growth. In the case of paddy, September is one of the critical months
for irrigation as flowering and grain formation starts in this month.
In this context, frequency of rainfalls and subsequently dry spells were examined by plotting a 7days long dry spell4 for the month of June and September (Figure C.6).
This figure suggests that the 7-days dry spell in the month of June is decreasing, which in turn
suggests that the frequency of rainfall is increasing. Unlike this, a week long dry spell in the
month of September is increasing, which indicates that the rainfall is less frequent. It is to be
noted that the September rainfall is critical because the flowering and grain formation stages of
paddy cultivation fall in this month. In this context, farmer’s perception on rainfall (decreasing
trend) may have been derived largely from their assessment of increasing dry spell compared to
decade ago.

4

For this analysis, rainfall data (1970 to 2015) of the Bhairahawa station are used.
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Water availability

In 1982, The East Consult reported that the mean monthly low flow of the Girwari River in the
months of April and May were about 340 and 310 lps respectively (East Consult, 1982). This
estimation was done on the basis of regional hydrographs and a few low flow measurements.
Unlike this, a couple of low flow measurements made during this study indicated an average low
flow of only about 90 lps (Table 2.1), which in turn indicates that the low flows are decreasing.
Table C.1: River flows as measured at site

30 April

Location

Flow area (m2)

Adjusted velocity (m/sec)

River flows (lps)

Jhyalbas

0.3

0.24

72

30 April

Jhyalbas

0.143

0.72

102

01 May

Intake site u/s of
suspension bridge

0.216

0.45

97

Average

90.3

5

Also see Chapter 4.1 for decreasing trend of water availability during wet season

6

This method of sharing river water by diverting all the source water to one canal on time share basis is
locally known as KulpPalo.
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There is a general consensus among the water users that the availability of water in the river,
especially during the dry season, has decreased significantly in recent past5. Farmers reported
that there used to be quite some flows in the Girwari River to allow water flowing in the Julphe
canal up to the month of March. This, however, is not possible these days unless all the river
water is diverted to one canal on time share basis6. This perception of farmers on water
availability at source is also supported by the actual data on river flow. This is outlined below.
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Figure C.6: 7-days dry spells in June and September
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C.2.4.1 Flood and flooding
There is a general consensus among the farmers that the instantaneous peak flood in the
Girwari River is increasing. This perception is also supported by the recurrent floods that
occurred during the study period in 2016. The first flood occurred on the 3rd week of July (22
July), while the next floods were on 26 August and 01 September 2016
The July flood washed away the intake of the Aakase kulo and eroded the riverbed at its intake
by about 1.5 meters, while the September flood was even larger. Farmers reported that they
had not seen such flood for many years. This flood spilled from the river bank. Following were
the damages




About few hundred meters of the head reach canal of the Julphe Irrigation System was
covered by sediments. Farmers had to mobilize excavator for 3 days for cleaning this
sediments. Besides this, there was no major damage to canal system
Intake of the Aakase kulo, which was already damaged by the July flood making it
dysfunctional, is further damaged. The flood embankment and the intake pipes of Aakase
kulo (seen in the figure 2.6 below) were washed away. The river encroached its left bank by
about 10 meters

Figure C.6: Intake of the Aakase kulo and Girwari River before and after floods

Eroded river bed at the intake of
the Aakase kulo after July flood

C.2.5

Left river bank with pipe intake
after July and before Sept flood

Aakase kulo after intake & flood
bank washed away by Sept flood

Aakase Kulo

The Aakase kulo draws water from the Girwari River for irrigating about 100 Bigha (60 ha) of
low land area on its left bank. Its intake is located about 700 meters downstream of the intake of
the Julphe Kulo (Figure 2.7). During the monsoon season, the Aakase kulo operates with its
own intake, while during the dry season, it receives water through the Jupphe kulo. The reason
is to avoid transporting water through 700 m long river course for minimizing seepage losses.

348293 | Final | 1 | 25 January 2017
CDKN RSAS0017: Final Report-Appendices

Mott MacDonald | Climate Resilience of Irrigation in Nepal
Final Report - Main Appendices

Figure C.7: Location of the Aakase and Julphe kulo

Presently, the intake and head reach canal of the Aakase kulo are not operating. In order to
revitalize this system, its intake now needs to be shifted upstream which requires substantial
external intervention. The DOI has proposed to allocate NPR 1.3 million for its emergency
maintenance
As transplantations of paddy in the command area of the Aakase kulo were completed prior to
the breach of its intake, farmers of the Julphe kulo helpd the farmers of the Aakase kulo by
providing some water from the escape structure of the Julphe kulo (Figure 2.7).
For a long term solution, farmers of the Aakase kulo would like to merge their intake with the
intake of the Julphe kulo. In doing so, they propose to build following infrastructure
● One common intake for both the Julphe and Aakase kulo
● Widening of the head reach canal of the Julphe kulo until the bifurcation to Aakase kulo, and
● Head regulator for Aakase kulo at the end of head reach canal.
Though this is an easy solution for farmers of the Aakase kulo, it is a difficult solution for the
Julphe farmers. This is explained below.
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Farmers of the Basantapur and Kolia sub-systems are ready to accept this proposal provided
that the farmers of the Julphe sub-system agree to redistribute water shares based on their
lands7. It is to be noted that the farmers of the Julphe sub-system presently receive 60% of the
incoming water, while the Basantapur and Kolia subsystems receive the remaining 40% of
water, though their command area is much larger. However, the farmers of the Julphe subsystem are not ready to redistribute water shares as per the existing lands.
Dialogues on various options are continuing. Though, merging of intakes is the preferred
solution for the farmers of the Aakase kulo, it is not going to happen that easily as redistribution
of water share is equally difficult. In the mean time, the Government has allocated some
resources for feasibility study of the Aakase kulo.
In this context, it will be interesting to see how the community would make decision, which is
likely to be influenced by the following driving forces:
● Social power and traditional water rights
● Climate change
● Environmental degradation due to mining of river bed materials
● Changing socio economic conditions (no labor)
● Likely external intervention
C.2.6

Mining of riverbed materials

Mining of the river boulders is another unwanted phenomenon that is being taking place in the
Girwari River close to the foot hill of the Mahabharat mountain range. Figure 2.8 presents an
example.

Figure C.8: Mining riverbed materials by tractors downstream of Aakase kulo (Oct 2016)

It is to be noted that several fleets of such tractors are seen in the area with labours carrying
hand tools like shovel, pick, steel digging bars, chisel, hammers, and so on. These labours
7

In absence of re-distribution of water shares, adding one more head ender (Aakase kulo) means
reduction in water volume reaching to the command areas of the Basantapur and kolia sub-systems
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extract all surface boulders from the river that they can lift. Sometimes, they even excavate
boulders from the river bank and quite often they try to break big boulders using hand tools for
allowing them to transport through tractors.
General observations of the Girwari River suggest that the quantity of the river bed materials
that are being mined from this area is much more than the quantity that the Girwari River can
bring in. In this sense, this mining is not sustainable and it certainly deepens the Girwari River,
which in turn changes the river morphology. This phenomenon is one of the reasons that
explain why the river bed at the Aakase kulo became deep, which in turn washed away the
entire intake structure.
Farmers reported that this mining of the river bed materials is illegal. They even made several
protest to District government including police against this activity. However, they could not stop
this activity as it involves large transaction of financial resources, and the process is being
supported indirectly by local leaders and political representatives.
As this mining activity is illegal, quantity of material that isbeing mined is not known.
C.2.7

Irrigation management

Irrigation management here refers to management of system operation for directing / controlling
water for satisfying water needs of the crops. This relates to management of water delivery in
terms of adequacy, reliability and efficiency. Besides this, it also deals with management of
irrigated area, water conflicts, and O&M arrangements.
C.2.7.1 Water management at the level of Girwari River
As noted above, the river water at the upper Girwari River is shared by 6 canals
● Jhyal Bas ko kulo
● Tribhuvan Tar ko kulo (also known as Aadarsa Nahar)
● Bari Kulo (Also known as Janamukhi kulo)
● Goyari kulo (Right bank)
● Julphe kulo, and
● Aakase kulo
Sharing waters of the Girwari River by these canals in the past and also in the present has
always remained a challenge.
In the past (1996/97), though a federated WUA did exist at the level of upper Girwari River for
managing the sharing of river water, this WUA was not functional (Parajuli, 1999). The chairman
of the Deurali Village Development Committee used to manage all canals meetings for
rotational distribution of water at the level of river. However, the water distribution schedule was
not properly enforced. As a result, the upstream systems used to divert most of the river water,
and the Julphe Irrigation System used to remain virtually dry during the spring season
In recent past, the federated WUA named as “Girwari Irrigation Coordination Committee” was
revitalized. It manages sharing of river water by canals, especially in spring season, based on
time share rotation. For doing so, all the river water is diverted to one canal for a specified
duration. Below is the schedule for sharing river waters for a period between 2072/11/19 and
2073/2/8 (BS) that corresponds to 2016 spring season.
● Aadarsa Nahar: 84 hours
● Janamukhi kulo (Bari Kulo): 44 hours
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● Julphe kulo (also includes Aakase kulo): 66 hours
● Guheri kulo (right bank): 7 hours
● Jhyal Bas ko kulo: 12 hours
● Total: 213 hours
With this schedule, each of the above canals gets water after every 213 hours
C.2.7.2 Management of the main and distribution system
As noted above, the Julphe Irrigation System constitutes of three subsystems namely the
Julphe, Kolia and the Basantpur sub-systems. All the sub-systems have independent canals
that receive water from the main canal on proportional basis.
Though all the three sub-systems operate continuously during the monsoon and winter
seasons, only the Julphe sub-system operates during the spring season. This is because, if the
available flow is taken to Kolia and Basantapur subsystem, most of this flow seeps through their
canal bed, and flow that reaches to their command areas would be virtually unusable.
The FGDs conducted in the Julphe Irrigation System focused mainly on the management of
main and distribution systems. Below are the summary of this FGD outcomes.
● Availability of water is not adequate from the perspective of irrigation need. But, whatever is
available are distributed to different segments of the irrigation system in an equitable
manner, and water deliveries are reliable.
● During the monsoon season, the main and distribution system receive water on continuous
basis, while during the dry season water is delivered on the basis of timed rotation
● There has not been any change in the total system area from the perspective of irrigation.
This suggests that no lands have been abandoned due to unavailability of water.
● There has not been any major change in irrigation management in the last ten years
Furthermore, it is interesting to learn that the FGD outcomes do not show any variations in
irrigation management across the head, middle and tail of the Julphe Irrigation System. This
suggests that impact of climate change on management of main and distribution system of the
Julphe irrigation systems is nominal
C.2.7.3 Farm level irrigation management
Paragraphs below present short case studies on “farm level irrigation management” in two
tertiary command areas of the Julphe Irrigation Systems. In this area, irrigation water is not
attached to land. Farmers get water based on their water shares, locally termed as Kattha.
Nau bigha ko kulo, Kolia subsystem
The Nau bigha ko kulo (tertiary canal) of the Kolia sub-system is located at its tail end. This kulo
irrigates 7.5 ha (12 bigha) of lands belonging to 27 farmers. Presently, this kulo owns 71 units of
water shares, which used to be only 53 units in 1997 (Parajuli, 1999).
In the past, water for paddy transplantation used to be distributed to farmers on an ad hoc basis
following mutual consultation. As a result, water disputes were increasing. In order to minimize
such disputes, farmers in recent past started distributing water for paddy transplantation based
on pre-defined rotational schedule. This is an institutional change.
After the completion of paddy transplantation, time based rotation of canal water is practiced as
per one’s water share. Farmer’s however adjust their schedule as per the local needs because

348293 | Final | 1 | 25 January 2017
CDKN RSAS0017: Final Report-Appendices

72

Mott MacDonald | Climate Resilience of Irrigation in Nepal
Final Report - Main Appendices

a couple of other water sources are (were) also available in this area for irrigating paddy, though
such sources also depend on the monsoon rains. This is described below
The command area of the Nau bigha ko kulo has a typical landscape feature showing an unique
characteristic of patchy terrace hydrology as noted below:
● With the onset of monsoon, two springs (locally known as “ghol”) used to spout in this area
that could supplement water for irrigating about 15-20% of the command area. From the last
three years, one such spring has stopped flowing, while the other spring still spouts
commanding a few terraces at the extreme tail end.
● In a situation of good monsoon rain, about half on its area gets irrigation from the surface
runoff (locally known as Jharan) from the upstream terraces of the Julphe and Kolia subsystems.
Above examples illustrate how a periodic monsoon rains supplement canal water for irrigation.
Farmers feel that with the declining rainfall such supplemental irrigation through surface runoff
and spring discharge are also declining. Further, construction of rural / village roads have also
intercepted drainage lines of some of the surface runoff, which in turn diverted surface runoff to
some other areas.
As a result of this hydrological phenomenon, almost all the areas under this kulo now depend
mostly on canal water, which is also declining. However, farmers do expect some surface runoff
from the upstream areas whenever there are good rains.
Bandhari kulo (Bikase Khanda of the Basantapur)
The Bandhari kulo (tertiary canal) of the Basantapur sub-system is located at its middle stretch.
This kulo irrigates about 19 ha (31bigha) of lands belonging to 71 farmers. Presently, this kulo
possesses 143 units of water shares, which used to be only 105 units in 1997 (Parajuli, 1999).
Unlike the Nau bigha ko kulo, command area of this kulo does not have additional sources of
surface water for supplementing canal irrigation. As a result, water management focuses
distributing available water to farmers on an equitable basis irrespective of their demands. This
is done through time share rotational distribution of water based on individual’s water shares. A
farmer having 1 unit of water share gets canal water for 15 minutes at an interval of every 36
hours.
With the declining availability of canal water, it is becoming increasingly difficult to manage
irrigation in the tertiary command area. As a result, the Basantpur WUA installed 6 deep tube
wells in the area. It has been reported that during the 2016 paddy season, about 50% of the
lands were transplanted with tube well waters.
C.2.7.4 Tubewell irrigation
Because of declining availability of canal water at the Bastantapur sub system8, farmers in this
area installed 6 deep tube wells in 2011, of which 4 wells are operating. These tube wells are
about 80 meter deep, and each of which can irrigate about 10 to 12 ha of land.
Farmers reported that about 75% of the tube well irrigated area falls under the canal command
of the Basantapur subsystem. This means that about 30 to 40 ha of the Basantapur sub-system
receive supplemental irrigation through these tube wells.
Maize and winter vegetables are principal crops irrigated solely by tube well. While paddy is the
third main crop, for which tube wells provide supplementary irrigation. Nursery preparation and
paddy transplantation are two important agricultural activities performed partly by tube well
8

Due to its geographical location at the system tail end
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irrigation. In an average, these tube wells operate for about 1000 hours per annum, and a
farmer has to pay Rs. 200 per hours of water pumping.
C.2.8

Agricultural production

Impact of climate change on agricultural production can be positive as well negative. Increase in
biomass production and consequently crop yield as a result of increase in temperature is the
likely positive impact9. Whereas impacts caused by climate induced threats10are likely to be
negative.
Thus, impact of climate change in agricultural production needs to be examined from above two
perspectives, though it is difficult to quantify them. Figure 2.9 presents impact on production
changes as perceived by farmers.
Figure C.9: Changes in agricultural production
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Figure C.9 suggests that there are no changes in production in the case of monsoon rice and
vegetables. However, production of maize, wheat, mustered, and summer vegetables have
declined, and productions of potato and pulses have increased.

C.3

Singeghat Irrigation System

The Singeghat Irrigation System (SIS) lies in the Kapilvastu District in the Western Development
Region of Nepal. Its command area is located in both the right and left banks of the Banganga

9

10

An analysis conducted by the Nepal Agricultural Research Council (NARC) using simulation models
for major crops such as rice, wheat and maize suggested that under elevated CO2 and a 4°C
temperature rise yields of rice and wheat might increase by 3.4% and 41.5% in the subtropical lowland
areas. Under such a climatic variation, maize yield however is likely to be decreased in Terai. It is to
be noted that these simulation models consider ideal production potential mainly conditioned by CO2
and temperature. In actual practices the scenario may be different.
Flood, changes in seasonal water availability, landslides, storms, hail stones, and heat & cold waves
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River which extends from the North to the South of the East-West Highway. The system covers
Motipur, Banganga, Kopuwa, and Gajada Villages under the Banganga Municipality.
Physiographic location of the Singeghat Irrigation System falls at the foothills of the Mahabharat
mountain range in the river valley characterized as Siwaliks or Doon valley. This area has a
sub-tropical climate.
C.3.1

Historical development

Irrigation history in this area dates back to centuries. Originally, the areas under the present
irrigation system were divided into 11 mauja, each of which had an independent canal and
water diversion weir at the Banganga River to irrigate its lands. Two maujas were located at the
right bank of the Banganga River, while the remaining nine maujas were in the left bank.
Irrigation in each of the mauja used to be managed by a water manager locally known as
Badgar. Badgar is the position elected or selected each year on the first day of the month
Magha (mid -January). He is in charge of local public work activities including irrigation canals
and local irrigation water management
All canals used to divert water from the Banganga River independently. However, during the
period of water scarcity in the river, these canals used to share river water based on their land
areas. The water sharing arrangements used to be implemented by granting permission to build
temporary weir up to an allowed width of the river - leaving the remaining river free for
downstream users.
All the diversion weirs across the river used to be temporary in nature made-up of brushwood.
Frequent wash away of such temporary weir due to recurrent floods was one of the common
incidents. As a result, each mauja had to mobilize huge labour resources11 for their repeated
maintenance. Changing climatic parameters and river morphology, and declining availability of
labour and brushwood in the area made it difficult for farmers in maintaining these weirs.
In 2029 BS (1972), farmers of all the 11 irrigation canals united to form a formal water users’
association named as “Singeghat Kulopani Samiti”. The main objective of this organization was
to manage river water systematically and explore the possibility of external support for
strengthening their systems. Later, the main committee was registered with the District Water
Resource Committee (DWRC)12 which then started lobbying the government for building a
common permanent water diversion structure for all the 11 canals. Figure 3.1 presents layout of
the Singeghat Irrigation System.
The Department of Irrigation (DoI) accepted farmer’s proposal of integrating 11 canals into one
Singeghat Irrigation System (SIS). Accordingly, in 1999, the DoI initiated construction of
following infrastructural components under the Medium Irrigation Project
● Permanent concrete weir across the Banganga River at the uppermost location of the
existing intakes with head regulator at both banks
● Right and left feeder canals for supplying waters to existing canals

11

12

Farmers reported that on average about 120,000 person-day of labour per annum were required for
fixing and re-fixing of their temporary diversion weirs of all the 11 canals. This labour is now saved.
The Sangha Sanstha Darta Ain came into existence in 2035 BS. Thereafter, WUAs started registration
in the CDO office. After Water Resources Act 1992, District Water Resources Committee (DWRC)
started registration of WUA for the purpose of establishing water rights. After approval of Irrigation
Regulation under Water Resources Act of 1992, DOI also started to register WUAs

348293 | Final | 1 | 25 January 2017
CDKN RSAS0017: Final Report-Appendices

75

Mott MacDonald | Climate Resilience of Irrigation in Nepal
Final Report - Main Appendices

76

● Proportionating water division structure in the feeder canal and some branch canals for
diverting water to the existing canals as per their traditional water shares
Construction of the above components of the Singeghat Irrigation System was completed in
2006. Since then it is functioning as an integrated system of 11 existing canals.
Table C.2 presents details of the old canals integrated into the Singeghat Irrigation System.
Table C.2 Canals combined into Singheghat Irrigation System
Right bank canals

Left bank canals.

Total water shares 4 Aana (16 paisa) that
corresponds to 25% of the incoming water

Total water shares 12 Aana (48 paisa) that corresponds
to 75% of the incoming water

Existing
canals /
mauja

Water
shares
(Paisa)

Irrigated
areas
(Bigha)

HH

1

Motipur

10

995

1565

2

Madhuban

6

405

795

3

Total (Paisa)

16

Existing canals
/ maujas

Water
shares
(paisa)

Irrigated
areas
(Bigha)

HH

1

Baijalpur

2

158

273

2

Tinaiya

2

290

490

Pipara

6

418

1072

4

Rajpur

3

136

275

5

Bathanpur

3

320

415

6

Gaieda

14

536

1050

7

Jeetpur

2

202

547

8

Jhanda

8

507

940

9

Dugaha13

8

635

1085

Total (Paisa)

48

The interesting change over period of time is that this system got changed from the primarily
paddy focused irrigation system to diversified cropping system. Figure C.11 and C.12 present
some of the infrastructure built for the Singeghat Irrigation System.
Figure C.10: Singeghat weir across the
Banganga River (October 2016)

13

Including Siddhipur & Bungchi
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Figure C.12: Singeghat Irrigation System.
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C.3.2

78

Climate

C.3.2.1 Perceptions of climate (Temperature and rainfall)
Figure C.13 and C.14 present farmer’s perception (from all FGDs and KII, including village
elders) on recent climatic changes, mainly temperature and rainfall, compared to a decade ago.

Temperature indicators:
4:Hot; 3:Warm; 2:Plesant 1:Cold

Figure C.13: Farmer’s perception on temperature
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Figure C.14: Farmer’s perception on rainfall
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Figure C.13 suggests that from Baisakh to Bhadau (Tentatively April to August), days are
believed to be much hotter compared to a decade ago. Much less variation is seen for the rest
of the year, with just a slight increase in the spring season (March / April)
Rainfall is perceived to be much less than a decade ago (Figure C.14). Recognizing this, rainfall
characteristics of the Patharkot station were examined (Figure C.15), which also suggest a
declining average and monsoonal rainfall, albeit non-significant.
Figure C.15: Average and monsoon rainfall at Patharkot station

Figure C.14 suggests that farmer’s perception of rainfall decline compared to decade ago is
more profound, though in reality decline is not that high (Figure C.15). As noted above, farmer’s
perception on rainfall may have been derived largely from their assessment of how well it meets
agricultural needs for water (especially crop water requirements).
Recognizing this, as in case of Julphe Irrigation System, rainfall characteristics of the Patharkot
station were examined (Figure C.16), which also suggests that days with smaller rains (up to 50
mm) are decreasing. This trend of decreasing small rains, which are more effective for crops,
supports farmers’ perceptions on rainfall change compared to decade ago.
C.3.3

Water availability

There is a general consensus among the water users that the availability of water in the river,
especially during the dry season, has decreased significantly in recent past. This perception of
farmers on water availability at source is also supported by the actual data on river flow. This is
outlined below.
Dry season flows at several locations in canals and the Banganga River were measured during
the field study in May 2016. Table C.3 presents the measured flows.
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Figure C.16: Rainfall characteristics (Patharkot station)

Table C.3: Flows at selected locations
Location

Flow area
(M2)

Adjusted
velocity
(m/sec)

Flow
(lps)

04 May 2016

Singeghat left main canal
(head end)

(3 x0.2) = 0.6

0.3

180

04 May 2016

Singeghat right main canal
(head end)

(1.6 x 0.22)=
0.35

0.18

63

Rounded

Total incoming water in the
river (at Singeghat)

243

All incoming waters
were diverted to the
Singeghat canals

Banganga River at highway
bridge

0.00

River bed was dry

167

Rounded

Date

04 May 2016
04 May 2016

Kaila Nadi (at highway)

0.416

03 May 2016

Banganga River upstream of
the Banganga barrage of the
Jagdishpur reservoir

0.744

0.402

Remarks

310

Farmers suggested that these flows (measured on 3rd and 4th of May) were probably the lowest
flows of the 2016 dry season as there was a long dry spell in the area prior to this date with a
good rain on 06 May 2016
Table C.3 suggests that the present dry season flow of the Banganga River upstream of the
Banganga Barrage of the Jagdishpur reservoir amounts to only about 310 lps. Majority of this
flow is contributed by the Kaila Nadi (167 lps). Considering the complete diversion of the
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Banganga River flow by the Singeghat Irrigation System resulting dry riverbed at highway
crossing, measured low flows of 310 lps upstream of the Banganga Barrage seems reasonable.
Unlike this, the lowest dry season flow of the Banganga River at the diversion site as reported
by the some of the design documents of the command area development project in 1980 was
about 600 lps (Pradhan TMS, 1996). This indicates that the low flows of the Banganga River at
various locations have decreased considerably
C.3.4

Floods and flooding

There is a general consensus among the farmers that the instantaneous peak floods in these
rivers are increasing. This perception is also supported by the climate change forecast which
expects rainfall to be more erratic and intense especially during the monsoon.
Further, the 2016 early July flood also testifies this perception. It is to be noted that the 2016
July flood overtopped the abutment of the Singeghat diversion weir and washed away most of
the steel capping placed along its slopping glacis (Figure 3.8) although the weir was not
damaged in other respects. It seems the 2016 early July flood was larger than the design flood.
Figure C.17: Diversion weir of the Singeghat diversion weir damaged by 2016 July flood

Flood level in July 2016

Eroded steel capping
Rolling boulders

Sringeghat Diversion Weir

Observations of flow depth suggest a head over the crest of 4m which indicate a peak flood of
about 720m3/sec (using the formula 1.7BH^1.5, for a 53m crest length). Flow over the weir
crest would have been partially drowned and based on the height of the weir H2/H1 can be
estimated to be about 0.75, which would reduce the calculated flow to about 8% of the free flow.
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The flood flow estimate is thus about 600m3/sec, as compared to a 1:50 year design flood of
564m3/sec based on the 1990 irrigation design manual. The flood overtopped the canal head
regulator making access to the canal gates difficult and they were in any case inoperable under
the high water pressure. The weir sluice gates were partially open but inaccessible. This was
reported to be the largest flood in recent memory, and the highest since completion of the weir.
It was a short duration flood, with the peak subsiding after about one hour but a considerable
volume of gravel was deposited in the canal head reach, requiring a mechanical excavator for
about two hours to clean it.
The flood evidently exceeded the overall capacity of the structure since it overtopped the head
regulator, but it appears that the structure was in fact under-designed for the design flood flow. If
the weir had been designed for 564m3/sec even under free flow conditions, then the water
depth would be 3.5m above the weir crest. This is almost equal to the soffit level of the head
regulator, without any freeboard - whereas 0.5-1m freeboard would normally be recommended
for such a structure. This may be partly due to post-design changes to the weir crest level
(including the addition of steel plates to protect the crest), and it is not possible to make
definitive statements without more details of the design calculations. However, it does seem that
the weir and head regulator was under-designed and yet it survey a greater than design flood
with minimal structural damage.(only the partially installed steel plates on the crest were
damaged; these were being installed to protect the crest against abrasion)
The fact that the weir and canal system withstood a flood of between 10 and 25% more than the
design flood, suggests a considerable degree of resilience. This observation is further
strengthened by the fact that the canal head regulator appears to have been built significantly
lower than the required level. A flood of over 470m3/sec (85% of the actual design flood) would
exceed the design safe level for the head regulator with 50cm freeboard.
However, the fact that a flood greater than the 50 year flood has occurred within 10 years of
completion is a matter of concern. The flood calculation method in the 1990 manual is empirical
and based on very little data. Although catchments of this nature in Nepal are gauged, there is
now a much better basis for developing improved flood forecasts. Developing improved
procedures is thus an urgent priority for DOI.
Equally important is the need to ensure that the structures are operable under extreme
conditions, or design in such a way that they do not need operation at that time. On this
occasion, it was not possible to close the canal head regulator – due to the structure being
overtopped and possibly the gate gearing being insufficient against such a high water level
(although that is just speculation, since access was impossible anyway). The canal gates were
fully open as the flood followed a prolonged very dry period, and the sluice gates were
(partially?) closed. The head regulator breast wall would have excluded much of the flood flow,
but still a large volume of sediment entered the canal which could have been avoided if the
gates were operable.
This incident along with other similar incidents in the area necessitate reviewing some of the
hydraulic design parameters like return period (flood), assessment of flood flows, and required
waterway. It also highlights the need to ensure that designs are carefully detailed with adequate
safety factors / freeboard, and to ensure that there are appropriate operating rules and that the
structure is operable under peak design conditions. Automation or electrification of such small
structures is unlikely to be feasible in the short to medium term, but operators need have a good
understanding of the operating rules and be able to apply them.
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C.3.5

Irrigation management

C.3.5.1 Management of the main system
Impact of climate change on irrigation management here refers to the impact it has on water
delivery (adequacy, reliability and efficiency), irrigated area, water conflicts, and O&M
arrangements of an irrigation system.
As noted above, the present irrigation system is an integrated system of 11 existing canals,
which were integrated through the construction of a common diversion weir and feeder canals in
2006. There were several reasons for integration, but the primary one was to ensure a reliable
supply of water into the canals without requiring availability of labour for repeated reconstruction
of temporary weirs in the river. Many factors influence the availability of water, but there was a
perception that the climate was changing and thus low flows were decreasing.
The integration of the systems has a significant impact on irrigation management
Water delivery: adequacy, reliability and efficiency
There is a general consensus among the farmers that the availability of water is not adequate to
meet the irrigation need. Reasons cited by farmers are twofold:
● First, availability of water at the source river has decreased considerably. As a result, the
amount of water which is available to be delivered to the farm level is not adequate
● Second, integration of 11 canals into a one system has also reduced the aggregate water
availability in the canals. This is counter-intuitive but is explained below
Before this integration, each of the 11 canals had independent intakes to divert waters from the
Banganga River to their own individual systems. So, there were 11 water acquisition points
against the present two (left and right) such points14. Although each weir let a little water pass
downstream because they were temporary permeable structures, any such losses were
available to the downstream weirs. In addition, return flows from the upstream systems reentered the river and could be diverted again.
Now the new weir is able to divert the entire flow at that point, but there is no means to capture
any return flows which go back to the river and disappear in the gravel bed only to emerge
much further downstream in the catchment at the Banganga weir. So, naturally, the total water
intake into the Singeghat system used to be much more in the past.
Further, these canal irrigation systems technically resembled spate irrigation. Spate irrigation is
a type of water management system, where flood water from mountain catchments is diverted
from river and spread over large areas. So, they had much wider canals and could divert ample
of water, especially during the monsoon season when river flow remains high. But, these
systems are very risk-prone. The uncertainty comes both from the unpredictable nature of the
floods and the frequent changes to the river morphology from which the water is diverted.
Integration of the original 11 canals into one system has thus reduced the total water availability,
but the improved infrastructural control has improved both the reliability of water delivery15 and
efficiency of system operation. This aspect has been well appreciated by farmers. Also, even
14
15

Left and right head regulator
Because of permanent diversion weir at river, farmers receive steady and uninterrupted canal supply.
Earlier, irrigation used to be interrupted due to frequent breach of intake and canals. Farmers feel that
a smaller steady supply is better than larger interrupted supply
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the low flows can now be successfully diverted into the systems and used efficiently16, which
would not have been possible without the system integration with permanent diversion weir. It is
to be noted that these canals in the past used to operate only during the monsoon. There is
however a negative impact on users further downstream, outside the formal (water rights)
boundaries of the Singeghat canals, who used to benefit from the uncontrolled flows which
passed into and through the system. This aspect is further discussed below.
This suggests that infrastructural improvement enhances reliability and efficiency of water
delivery, which in turn helps in building climate resilient irrigation systems but there are wider
impacts which need to be considered at river basin or sub-basin level. Improvements in
infrastructure enable better control and hence productivity of water at that location – they do not
affect the total quantum of water. Such improvements can be used in conjunction with other
measures such as tube wells or other downstream irrigation systems to make effective use of
some irrigation losses and return flows. In addition, management of environmental flows
becomes more feasible.
Below are some of the other outcomes of the FGD:
● During the monsoon season, the main and distribution system receive water on continuous
basis, while during the dry season the distribution system (main branch canals) receives
water on timed rotation.
● During the dry season, mainly during the spring season, only the head end of the system
receives water, as it is technically not viable to transport small amount of water all the way to
the system tail end.
● Considering local water allocation norms and principles, water distribution is very much
equitable although this may not be proportional to area, and it varies according to season
● The FGD outcomes do not show any variations in irrigation management in the main and
distribution canals across the head, middle and tail of the Singeghat Irrigation System.
● There has not been any change in the total system area from the perspective of irrigation.
That means no lands have been abandoned due to unavailability of water.
● There has not been any major change in irrigation management in the last ten years. Thus,
the organizational and O&M arrangements remain the same since construction of the weir.
Previously there were concerns about the risks of combining systems from an institutional /
organisational perspective. However, the new main committee is able to manage the main
canal, and the long-established branch canal committees continue with their traditional
arrangements.
C.3.5.2 Farm level irrigation management
Baijalpur west kulo, Baijalpur Branch Canal
The Baijalpur west kulo of the Singeghat Irrigation System (SIS) is located at the middle stretch
of the Baijalpur Branch, which in turn is located at the head end of the system. The Baijal pur
kulo irrigates about 158 bigha of lands belonging to 273 farmers. In this system, traditional water
right of the eleven principal canals is the basis for distributing water to respective areas irrigated
by main branching canals. Within the main branch canals, water is distributed to farmers based
on their land area.

16

On the 3rd and 4th May 2016, the Baijalpur, Bathanpur and the right bank main canals were flowing at
the rate of 100.8, 38.5, and 63.36 lps respectively.
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The Baijalpur Branch owns 0.5 units of water out of the 16 units of total incoming water in the
east main canal. This amounts to 3.125% of the incoming flows, of which about one third
(31.25%) is allocated to the Baijalpurwest kulo. Paragraphs below describe water distribution
within the Baijalpur west kulo.
Total land areas in the Baijalpur west is divided into two blocks: upstream and downstream. The
upstream block usually constitutes of about 40% of the command area, while the downstream
block is designed with the remaining 60% area. Water is rotated among these blocks on equal
timeshare basis. The logic behind this difference in the command area between the two blocks
is that the downstream block, besides getting canal water, also gets surface runoff from the
upstream block.
To start the irrigation, the badger (water manager) first diverts the canal water to the upstream
block and starts irrigating lands therein from head to tail. During the monsoon season, this
process is usually completed in two days. With the completion of irrigation in the head end
block, the badgar then diverts the water to the downstream block and starts irrigating lands
therein from one end to other. By that time, this block also gets surface runoff from the upstream
block, which helps irrigating its lands much faster. As a result, irrigation in this block is also
completed in two days. If not, the badgar adjusts the canal flows in such a way that both the
blocks get irrigation within the same time frame.
With this practice, each parcel of land gets irrigation at an interval of 4 days.
During the periods of high water scarcity (drought season), water distribution is rotated at the
higher level of distribution systemthat can be at the level of sub-branch canals of the
BaijalpurBranch or even at the level of east main canal. Higher the level of rotation, larger will
be the irrigation interval. Consequently, crops growunder deficit irrigation.
Bathanpur Kulo
The Bathanpur branch canal is located at the middle stretch of the Sringheghat Irrigation
System. It has five sub branch canals namely Dudharahawa, Danda, Beldaha, Bagiya, and
Gautariya with a total command area of about 188.7 ha. The Bathanpur branch canal owes 3
unitof water shares out of the total incoming water of 48 unitsin the east main canal. This means
that the Baijalpur Branch owes about 6.25% of incoming water.
Water management in this area is shaped by the landscape of the sub branch canal command
area. This is explained below.
Based on the elevations, land in the command area of the Bathanpur branch (five sub branch
canals) is classified into two typed, danda and khal. Danda is a highland which constitutes of
ridges of this landscape.Whereas, khal is the lowlands in the valley floor that are poorly drained.
About 20 percent of the total irrigated areas of the Bathanpur branch are located in Danda,
while 80% of the irrigated areas are in khal. A network of distribution canals supply water to
Danda, while lands in khal get irrigation through surface runoff from upstream terraces (terrace
to terrace irrigation).

348293 | Final | 1 | 25 January 2017
CDKN RSAS0017: Final Report-Appendices

85

Mott MacDonald | Climate Resilience of Irrigation in Nepal
Final Report - Main Appendices

All the five sub branch canals are aligned along the ridge, and they irrigate lands in their both
banks in Danda. Once lands in Danda get irrigated, corresponding lands in Khal17 are
automatically irrigated through surface runoff from higher leveled terraces.
Irrigation management: Irrigation starts from the head to tail end of each sub branch canal.
The Badgar diverts the incoming water into one or two sub branch canals, and irrigation therein
proceed from their head to tail. This process continues until all lands of the sub branch canal get
irrigation. Thereafter, the incoming waters are diverted to other canals, and the process
continues. Depending on the incoming flows, sometimes two canals operate simultaneously,
while sometimes there is not enough water even for one canal. Respective farmers are
responsible for irrigating their lands when the canal water reaches their area, but the Badgar
monitors the irrigation process.
Farmers reported that with this process, each parcel of land get irrigation at an interval of about
10 days, which seems to be good enough for cultivating paddy in the area
Certainly, this is not an efficient approach of irrigation management, as there are no incentives
for saving water by a farmer.
With the declining availability of canal water, it is becoming increasingly difficult to manage
irrigation in the Danda of the sub branch canals. As a result, local community revitalized one of
the deep tube well that was not functioning for last 20 years. Revitalization cost was about
400,000. One big land owner, and community invested in this project. The shareholders get
water at the cost of Rs 8 per unit of electricity consumed, while the non shareholder has to pay
25 rupees per unit. Operation of this tube well started only in 2016. A couple farmers used this
tube well for nursery preparation who could then transplant paddy earlier
There have been some changes in land management as well. Small and narrow terraces are
merged into wide and large terrace for facilitating tractor operation. Paddy transplantation by
tractor needs more water, especially larger stream size. But, once paddy is transplanted, water
requirement per unit of lands reduces in the case of large terraces
Laugai Kulo
The Laugaikulo(sub branch canal) of the Sringheghat Irrigation System (SIS) is located at the
middle-tail end of the west main canal. It has five tertiary canals that irrigate about 47 ha (75
bigha) of lands belonging to 120 farmers. This kulo owns 1.5 unit of water share (9.375% of
incoming water in the west main canal). However, the tertiary canals within the Laugaikulo
receive water based on their land area.
Water distribution at the Laugaikulo is well managed. All tertiary canals are equipped with
proportioning weirs at their head end. Thus, during the period of paddy cultivation,all canals
receive water on continuous basis based on their land area. Within the tertiary canal water is
distributed to farmers based on time share rotation. Irrigation time and its interval, however,vary
from tertiary to tertiary18. It may be because of varying landscape and soil characteristics of the
tertiary command area.

17

By virtue of its location, khal can hold water for long. In such lands, paddy is the only crop grown
under a mono cropping sequence with an average cropping intensity of slightly above 100%. Paddy is
sometimes followed by some low quality dal. There are no houses in the khal, settlements are seen
only in Danda

18

Irrigation time: 6 to 30 minute per kattha; irrigation interval: 1 to 5 days
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During the periods of high water scarcity (drought season) or during the winter season, water
distribution is rotated at the higher level of distribution system. It can be at the level of Laugai
sub branch canal by dividing its tertiary into 2-3 groups or further upstream by rotating the water
among the sub branch canals.
With the declining availability of canal water, two tube wells in the Laugai village were
modernized in recent past (7-8 years) by replacing the diesel pumps with the electric system.
These tube wells had buried pipe system for water distribution, which are not functioning any
more. As a result, people use existing canal network for distributing tube well waters.
Tube well water is used mainly in mid-march to mid-june for nursery preparation for paddy, paddy
transplantation, cultivation of maize (summer crop), and some spring vegetable. In one hour, it
consumes 26 unit of electivity. Farmers are charged Rs 8 per unit. This means hourly cost of tube
well water is 208 per hour. Average tube well flow is about 15 lps. Farmers reported that thesetube
wells provided certain level of insurance to paddy crop and helped growing 3rd crops (maize,
banana, vegetable etc) in the area which would not have been possible without them. As a result,
farmers income have increased
Besides modernizing tube wells, farmers are also modernizing the canal system by replacing
temporary nature of infrastructure by more permanent one and adding canal lining. This helps in
enhancing system’s efficiency.
C.3.5.3 Tube well irrigation
Because of declining availability of canal water at the tail end of the Singeghat Irrigation system,
farmers in the Jhanda area installed 5 deep tube wells, of which 4 wells are operating. These
tube wells are about 50 meter deep, and each of which can irrigate about 25 ha of land. For the
cultivation of paddy, they are used as security against draught, and each tube well may cover
more than 25 ha for live saving irrigation. For winter and spring season, as not all farmers
cultivate all of their lands, it is difficult to access actual command area of each tube well.
Farmers reported that 100% of the tube well irrigated area falls under the canal command of the
Jhanda branch canal.
Paddy (for seed bed and transplantation), wheat, mustard, and maize are the principal crops
irrigated by tube well. In an average, these tube wells operate for about 1000 hours per annum
starting from May to June, and sometimes in July for paddy transplantation as well during
draught.
Farmers to pay Rs 20 per unit of electricity consumed while operating the tube well. Out of this,
Rs 10 goes to paying electricity bill and Rs 10 for services. About 7 units are consumed per
hour. So, hourly cost of pumping is Rs. 140. During the spring season about 3-4 hour of
pumping is required for irrigating 10 Kathha of maize.
C.3.6

Impact on water availability downstream of the Singeghat Weir

Impacts on water availability due to construction of the Singeghat weir across the Banganga
River are of twofold. These are explained below.
C.3.6.1 Impact on surface and sub-surface runoff in downstream areas
As noted above, until construction of the Singeghat weir across the Banganga River, there used
to be 11 intakes in the river for diverting waters on their own. Because of their physical
characteristics - wide canals resembling like spate irrigation - these canals could divert ample
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water especially during the monsoon. So, in totality, the total water intake into the command
areas used to be much more.
Uses of water by the plant are nominal. So, all the waters that were diverted in the command
area of the 11 canals used to flow downstream in the “Singeghat weir influenced areas” (Figure
3.9) through surface and subsurface runoff. Existing natural drainages also support this
phenomenon.
However, with the construction of the Singeghat weir and other infrastructure, water intake into
the command area has reduced due to infrastructural control. As a result, the surface and
subsurface runoffs towards the “Singeghat weir influenced area” have also reduced.
Although the extent of said influences and areas impacted are not known, farmers think that
reduction in the surface and subsurface runoffs towards the “Singeghat weir influenced area” is
one of the major impacts.
Figure C.18: Singeghat weir influenced area

C.3.6.2 Impact on the Pragati and Charmauja ko kulo
The intake of the Pargati kulo is located at about 6.5 km downstream of the Singeghat weir,
while the intake of the Char mauja ko kulo is located further downstream (Figure 3.9)
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In this context, some farmers of the Pragati kulo think that replacement of 11 temporary weirs by
a permanent concrete weir under the Singeghat Irrigation Project has some influence on water
availability to their canal19. Reasons are two folds. This is explained below
● Temporary diversion weirs are not efficient in diverting all the river waters to their canals.
Some water leakages are bound to exist through temporary weir that can be used by
downstream system. However, with the construction of permanent concrete weir, such
leakages are not available for downstream users. As a result of this phenomenon, the
Pragati and Charmauja ko kulo cannot initiate paddy transplantation until the arrival of full
monsoon. So, with the construction of Singeghat weir, water availability to the Pragati and
Charmauja ko kulo for paddy transplantation is delayed for a few days.
● Flow at the Banganga River close to the intakes of the Pragati kulo and Charmauja ko kulo
remains quite low during the winter season, especially for wheat irrigation. This is particularly
the case as all the 11 traditional canals upstream used to divert waters for irrigating their
wheat. In the past, farmers of the downstream system used to request farmers of the
upstream system for releasing some waters downstream for a specified period for irrigating
their wheat. This process of requesting for release of some water from the upstream system
is locally known as “Nibaha”. Nibaha became possible as long as their used to be temporary
diversion weirs upstream. With the construction of permanent weir upstream, “Nibaha” is no
longer possible. As a result of this, some farmers of the Pragati and Charmauja ko kulo are
also experiencing additional water scarcity for irrigating wheat therein due to construction of
permanent weir upstream.
Above two aspects suggest that construction of permanent weir upstream does influence water
availability for downstream users. Extent of influence is however not known, and which is more
site specific
C.3.7

Water dispute: A case of Pragati and Charmauja ko kulo

Two canals namely the Pragati kulo20 and the Charmauja ko kulo located on the left bank of the
Banganga River downstream of the highway bridge (Figure 3.10) divert water to their command
areas through their temporary intakes.Intake of the Pragati kulo is located about 4.4 km
Upstream of the Banganga Barrage, while the intake of the Charmauja ko kulo is located about
2 km Upstream of the Banganga Barrage.
These canals were designed mainly to irrigate monsoon paddy, and so they used to operate
only during the monsoon season. Later, with the introduction of wheat cultivation in the area,
farmers started operating these canals also for wheat irrigation. So, these are seasonal canals
and operate from mid June to mid December. After mid December, they remain dry as the
Banganga River at this stretch virtually stops flowing.
Present state of these canals is very poor. The charmauja ko kulo is not operating since last 4-5
years due to excessive degradation of the Banganga river mainly due to mining of river bed
materials21. Unlike the Charmauja ko kulo, the pragati kulo is still functioning but every year its
farmers have to shift its intake upstream by about 500 m also due to riverbed degradation.

19

20
21

To some extent, this opinions of the downstream farmers is also supported by the upstream farmers of
the Singeghat Irrigation System,
Also known by the name of Manoharpur mauja ko kulo
See chapter 5 for further details.
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Figure C.19: Layout of the Pragati and Charmauja ko kulo

The Pragati and Charmauja ko kulo are as old as the 11 traditional canals of the Singeghat
Irrigation system. Similar to their case, farmers of these canals were also approaching the
government for modernizing their system since many years. But, it was not materialized until
last year (2015), when the DOI approved the Pragati Charmauja Irrigation Project. The project
aimed to construct a new weir across the Banganga River for supplying water to both the
Pragati and Charmauja ko kulo
Below are the details of this new project:
● Project name: Pragati Charmauja Irrigation Project
● Command area: 800 ha
● Project type: Revitalization and modernization
● Project start date: FY 2015 / 2016
● Diversion weir across the river with gabion protected concrete core wall (2.5m deep)
● Main canal: 4.12 Km
● Branch canals: 7 numbers (12.365 Km)
● Flow at River: 5.26 m3/sec on 14 June 2014
● Design discharge of main canal: 2.04 m3/sec
● Households to be benefited: 850
● Project cost: Nr. 153 million approved on 14 March 2016
The Kapilvastu Irrigation Development Division (KIDD) is responsible for implementing this
project. Accordingly, the KIDD in mid 2016 initiated process for procurement of a civil work
contractor for construction of a new weir across the Banganga River under this project.
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The WUA of the Banganga Irrigation System, however, objected for its construction saying that
the new weir will reduce water availability at the Banganga Barrage located at about 4.4 km
downstream from its proposed construction site. It is to be noted that the Banganga Irrigation
System is being managed by the Banganga Irrigation Management Division under the Irrigation
Management Directorate of DOI. The irrigation management division is different from the
irrigation development division, though both the divisions are located in a same colony in the
Kapilvastu District.
With this complaint made by the Banganga WUA, the Kapilvastu Irrigation Development
Division postponed the procurement process of civil work contractor. Thereafter, the case was
referred to the DOI. On behalf of the DOI, a Senior Divisional Engineer from the Regional
Directorate Pokhara, visited the site for further investigation.
In the mean time, on 14 June 2016, all political party meeting (sarbadalia baithak) was
organized at the Kapilvastu District headquarter to discuss the issue. The meeting was chaired
by the Chief District Officer (CDO). All together 28 representatives participated in the meeting22.
The meeting formed a 6 member technical committee (as below) to examine the technical
aspects of the issue.
● Division chief of the Irrigation Development Division
● Division chief of the Irrigation Management Division
● WUA Chairman of the Banganga Irrigation System
● WUA Chairman of the Pragati Charmauja Irrigation Project
● Representative from the regional irrigation Directorate, Pokhara
● Representative from the Medium Irrigation Project, DOI, Kathmandu
Meeting of the technical committee was held on 19 June 2016. The meeting focussed its
discussions on the core wall proposed to be constructed across the river and its impact on
subsurface flow. After necessary field observation, the technical committee decided that
construction of core wall will not influence subsurface flow along the river, and thus there will not
be any impact on availability of water at the Banganga Barrage. Accordingly, the meeting
decided to go with the construction of the diversion weir across the Banganga River
With this decision, the Kapilvastu Irrigation Development Division (KIDD) re-initiated the
procurement of civil work contractor, and finally its construction contract has been awarded to
one of the contractor at the cost of about 110 million Nepalese rupees.
The contractor is likely to start its construction very soon.

C.4

Impact of climate change on irrigation management and local adaptation

Impact of climate change on irrigation management is embedded on its impact on climatic
variations on temperature and rainfall. Thus, in order to understand the impact of climate
change on irrigation management, one need to understand impact of climate change on rainfall,
which in turn has two major impacts – influencing the amount of water in the river, and
22

Principal participants were the three members of the parliament of the area, Local Development
Officer (LDO), District level representatives of all major political parties, WUA of the Banganga
Irrigation System, WUAs of the Pragati and Charmauja ko kulo, Division Chiefs of both the irrigation
management and irrigation development divisions of DOI, and other concerned local elites.
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influencing the water deficit which needs to be made up by irrigation. This is because parts of
the crop water requirements in supplementary irrigation are met directly by rainfall.
C.4.1

Impact on water availability

There is a general consensus among the water users that the availability of water in the river,
especially during the post monsoon and other dry seasons, has decreased significantly in recent
past. Subsequently, availability of water in canals has also reduced. Above case studies on the
Julphe and Singeghat Irrigation Systems also support this finding.
However, it is not known whether the decrease in river flow is primary due to climate change or
a cumulative impact of climate change along with other socio environmental changes. Farmers
believe that some of the causes of decreasing water availability are: Less rainfall, land use
change in watershed, and more water use upstream. Figure C.20 present relationship between
rainfalls in the respective command areas and flows in their main canals
Figure C.20: Rainfall in command area vs main canal flows of Julphe Irrigation System
Rainfall Vs incoming canal flows U/S of the main proportioning weir
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Main canal flows were measured upstream of the main (or first) proportioning weir at the end of
feeder (or main) canal. Though these flows depend very much on the rainfall in their
catchments, some relationship can still be seen even with rainfall in the command area,
especially when rainfall in the catchment and command area are of similar:
● Rapid decrease in the main canal flows of the Julphe Irrigation System (Figure C.20) during
09 -15 July, 17-26 August, and 19-29 September are due o long dry spells in those periods
● Almost continuous rainfalls between 15 July and 02 August (Figure C.20) have resulted
larger canal flows in that period.
A similar pattern can be seen for Singeghat Irrigation System (Figure C.21).
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Figure C.21: Rainfall in the command area Vs main canal flows of the Singeghat IS (East)
Rainfall Vs incoming main canal flow (east)
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Similarly, canal flows measured during the field study in 2016 at upstream of the three
proportioning weirs of the Julphe irrigation systems were compared with the flows measured in
1997 at the same locations (Figure C.22 to C.24).
Figure C.22: Canal flow upstream of the main proportioning weir at Girwari
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Figure C.23: Canal flow upstream of the proportioning weir at Hattigaunda
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Figure C.24: Canal flow upstream of the proportioning weir at Pindalu Chowk

Canal flows U/S of proportioning weir at Basantapur
Canal flows in lps

400.00
350.00
300.00
250.00
200.00
150.00
100.00
50.00

Dates
Canal flow 2016

Canal flow 1997

These figures suggest that canal flows in 2016 have decreased substantially compared to the
canal flows in 1997. This supports farmer’s perception of declining incoming canal flows over a
decade or more
This raises a question – how farmers are coping up with the declining availability of water. Some
of the coping strategies (local adaptation measures) are described below. However, it is to be
noted that these strategies may not be the sole outcome of climate change; these may be the
results of cumulative impact of climate change along with the other socio economic changes.
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Local adaptation measures

C.4.2.1 Institutional strengthening
Management of irrigation water is shaped by the interaction between hydraulic parameters of
infrastructure and institutional arrangements, which is referred to as “rules in use”. In many
irrigation systems, where infrastructure is weak, institutional arrangements shape irrigation
management.
Thus, shaping and re-shaping of “rules in use” is one of the coping strategies being adopted by
farmers to cope up with declining water availability. Some of the examples are:
● Revitalizing the Girwari Irrigation Coordination Committee for initiating kulo palo at the
source river is one such adaptation measure.
● Different modes of water distribution being adapted by farmers for varying supply situation is
also a coping strategy
● Formation of new rules as needed. Examples are: water supply to the Aakase kulo during its
intake breach described below, and water distribution rule adapted to transplant paddy in the
Naubigha ko kulo
C.4.2.2 Augmentation of supply
Augmentation of water supply is one of the coping strategies being adapted by farmers. Above
case studies on “farm level irrigation management” suggest that 2 out of 5 canals have
augmented their water supply by increasing their water shares, while the 3 out of 5 canals have
augmented their water sources through tube wells. This is summarized in Table 4.1 below.
Table C.4: Augmentation methods adopted by canals
Sub branch or tertiary canals

Sources of water augmentation
Water shares

Tube wells

Naubighakokulo

Yes

No

Bandharikulo

Yes

Yes

Baijalpur east kulo

No

No

BathanpurKulo

No

Yes

LaugaiKulo

No

Yes

The Baijalpur east kulo is the only canal where augmentation of water sources has not been
done. But, this is located at the head end of the Singeghat Irrigation System.
C.4.2.3 Changing the cropping calendar
Changing the cropping calendar is another major local level adaptation to climate change. This
is discussed below
Paddy transplantation shifted earlier
In the past, paddy transplantation used to start by Mid July23 and continue over a period of
about 3-4 weeks. But, presently, it normally starts in early July and continues until its 3rd week
(FGD, 2016). This suggests that the transplantation of paddy has shifted earlier by about two
weeks. Examination of monsoon timing and duration suggests that this shift is possible as the
monsoon in Western Nepal onsets in Mid June. It is also supported by the facts that (a) there is
23

In 1997, Paddy transplantation in the Basantapur sub branch started on 14 July and was completed
on 07 August
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a small but significant increase in pre-monsoon rainfall (Mott Interim report, 2016), and (b) many
of the paddy fields are transplanted with tube well waters.
As a result of this shift, flowering and grain formation periods of paddy cultivation have also
shifted earlier making it more compatible with the changed timing of water availability. This is
explained below.
Uses of early ripening short duration varieties of paddy
Farmers have started cultivating early ripening short duration varieties of paddy. There may be
several reasons for this. But, one such reason is to match the demand and supply of water, and
presumably, better yield is the other reasons.
With preponing the paddy transplantation by two weeks, short duration high yielding varieties of
paddy can be harvested by mid October. This means the head development and flowering
periods of paddy cultivation, which are very sensitive to water deficit (FAO, 33), fall sometime
around the 1st to 3rd week of September.
With the conventional varieties of paddy (transplanted sometime in Mid July), the head
development and flowering periods fall sometime during Mid October. Yield of such paddy is
likely to be affected due to decreasing trend of post monsoon rains, which is already significant.
With early ripening short duration varieties of paddy, risks of crop failure due to non availability
of water is reduced as the river flows during Mid September still remain quite high.
C.4.2.4 Land management
Another change that has been reported (or observed) with regard to paddy transplantation is the
replacement of animal draught power by tractor for ploughing, puddling and paddy
transplantation. This change has implication on irrigation and land management. It is to be
noted that land preparation by tractor for paddy transplantation demands larger stream size of
canal water compared to land preparation by animal draught power. This means that with the
use of tractors, the number of land parcels that can be transplanted simultaneously in a given
canal command reduces to some extent, as each land parcel requires larger stream size of
canal water. Further, tractor cannot plough a narrow and small terrace. As a result, much of the
small and narrow terraces have already been merged into wide and large terraces for facilitating
tractor operation. With this, once the paddy transplantation completes, its development can be
achieved with less water. This is because water requirement per unit of land for growing paddy
reduces in the case of a large and wide terraces compared to a small and narrow terraces.
C.4.2.5 Increasing the level of risks by adapting deficit irrigation
Farmers know that canal water is decreasing. But, they also know that one or two good rains
during flowering and grain formation periods will provide reliable water in the river and nearby
natural drainage for irrigating their paddy for quite some days. So, farmers are taking risks by
expecting rain, which in turn increases the level of risks. Farmers say that if they get good rain
during flowering and grain formation periods, they get higher average yield of about 2 to 2.5
muri per Kattha. In case of no rain, they have to depend only on declining canal water and their
paddy will have to be grown under deficit irrigation. Accordingly, paddy yield will be about 1.5 to
2 muri per kattha. This means variations in paddy yield with and without adequate and reliable
irrigation is about ± 25%24

24

Yield response to water is about ± 25%
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Figure C.25 through C.29 present irrigation balance in five tertiary command areas of the Julphe
and Singeghat Irrigation Systems
Figure C.25: Irrigation balance, Julphe Sub-system, Julphe Irrigation System
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Figure C.26: Irrigation balance, Basantapur Sub-system, Julphe Irrigation System
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Figure C.27: Irrigation balance, Baijalpur Branch, Singeghat Irrigation System
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Figure C.28: Irrigation balance, Bathanpur Branch, Singeghat Irrigation System
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Figure C.29: Irrigation balance, Jhanda Branch, Singeghat Irrigation System
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Above figures suggest that except the Julphe sub system of the Julphe Irrigation System, all
other canal command areas undergo deficit irrigation at certain time of the crop growing season
indicating that there are deficit water supplies. Parts of these deficits are met through tube well
and local springs, while parts of the time the crop remain under deficit irrigation
Level of risks that farmers are accepting is also shaped by the objective of irrigation (or
agriculture). It is to be noted that agriculture in the study areas is largely subsistence-oriented
supported by several of-farm incomes like remittance, And rice is the most preferred staple
crops. Thus, in the case of paddy, farmers do take risks of its cultivation under deficit irrigation,
as it is grown mostly for their own consumption.
C.4.2.6 Improving irrigation infrastructure
Recognizing that infrastructural improvement enhances reliability and efficiency of water
delivery, farmers are also gradually improving irrigation infrastructure as one of the adaptation
measures. Some of the infrastructural improvements made in recent past are:
● Merging of intakes
● Canal lining at some critical stretches for efficient transport of available waters
● Replacing temporary infrastructure by more permanent, for efficient water control.

C.5

Recommendations

This study suggests that climate change does have some influences on irrigation system and its
management. But, it is not the only aspects responsible for changes. Other important aspects
are: (a) increasing water uses upstream due to increasing population and changing socioeconomic situation, (b) degradation of watershed, (c) mining of riverbed materials, (d) declining
interests on agriculture, and so on.
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However, climate change and its impact on irrigation now needs due considerations. Following
are some of the recommendations for making the irrigation systems resilient in the context of
climate change
C.5.1

Areas requiring more attention on irrigation planning, design, and management

Areas requiring more attention are:
1. More focus should be provided to enhance irrigation supply in the area through
infrastructural intervention. These may include
– Development of tube wells in surface irrigation command
– Development of buffer stock for augmenting the supply
– Rainwater harvesting where appropriate
– Inter-basin transfer of water
2. Focus should be directed in minimizing irrigation demands. These may include:
– Improvement on “On farm water management”
– Agricultural mechanization
– Land levelling
3. Focus should be directed towards management improvement. These may include:
– Establishment of River Basin Organization (RBO) for water accounting, water regulation,
monitoring, and providing techno-economic clearance of water sector interventions
– River basin based management of water resources through federated WUA under RBO
– Promote Integrated Water Resources Management (IWRM)
4. Revisit hydrological design parameters in designing irrigation systems. These may include:
– Assessment of return periods
– Assessment of flood flows, low flows, and available flows
– Estimation of effective rainfall and crop water requirements
– Assessment of waterways
5. Initiate innovative design for building climate resilient major hydraulic structures. These may
include infrastructural components like design of safety embankment as fuse plug, and so
on.
6. Initiate design of irrigation system with appropriate technologies. These may include (a)
focus to dry season irrigation (b) lift irrigation through several means (c) piped distribution
system (d) multiple uses irrigation system etc
C.5.2

Level of service delivery

Above identified focuses should be channelized through following three service delivery
channels for building climate resilient irrigation systems.
● Farmer level: For enhancing on farm water management and uses of water saving
technologies
● Community level: For community level management improvement, water augmentation,
demand management, basin approach in water management through federated WUA etc
● National level: Policy and program support for (a) institutional capacity building on hydro-met
data management, (b) monitoring of water uses at community level, (c) rehabilitation of water
systems in a cluster within a basin / sub-basin (d) establishment of RBO (e) promotion of
IWRM (f) promotion of water saving technologies (g) research and capacity building, etc
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D. Small and Medium Irrigation in Nepal
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District Overall total total irrigable
new

East

DOI
Surface

Total

Groundwater
STW
DTW

Terai

Jhapa
Morang
Saptari
Siraha
Sunsari
Sub-total

109,529
102,938
76,949
77,726
71,757
438,899

109,530
99,959
76,950
77,726
70,629
434,794

4,482
996
210
1,083
110
6,881

8,553
15,322
5,665
6,150
8,171
43,861

46,951
17,068
1,863
3,186
557
69,625

59,986
33,386
7,738
10,419
8,838
120,367

1,925
2,315
4,240

59,986
33,386
9,663
12,734
8,838
124,607

20,795
22,156
11,387
13,164
21,612
89,113

Hill

Bhojpur
Dhankuta
Ilam
Khotang
Okhaldhunga
Panchthar
Terathum
Udaypur
Sub-total

34,676
26,797
36,405
37,950
24,151
32,252
21,662
30,773
244,666

6,820
7,495
12,742
8,859
4,478
7,241
6,282
18,408
72,325

810
825
1,381
1,133
852
956
972
1,136
8,065

1,126
1,986
3,158
1,764
1,187
1,753
1,492
1,713
14,179

361
2,228
975
1,750
1,311
5,337
2,253
7,969
22,184

2,297
5,039
5,514
4,647
3,350
8,046
4,717
10,818
44,428

240
390
630

2,297
5,039
5,514
4,647
3,590
8,046
4,717
11,208
45,058

674
674

25,972
17,734
22,102
65,808

5,170
2,038
7,443
14,651

466
164
1,227
1,857

1,877
977
1,454
4,308

3,818
2,712
4,586
11,116

6,161
3,853
7,267
17,281

-

6,161
3,853
7,267
17,281

-

749,373

521,770

16,803

62,348

102,925

182,076

4,870

186,946

89,787

1,250

620
280
2,790
1,288
48
40
590
5,656

Mountain Sankhuwasabha
Solukhumbu
Taplejung
Sub-total
Sub-total

Central

FMIS (Surface)
rehab
non- total FMIS
assisted

Terai

Bara
Chitwan
Dhanusha
Mahottari
Parsa
Rautahat
Sarlahi
Sub-total

61,766
44,537
72,925
60,649
48,374
56,390
73,710
418,351

60,390
41,963
72,925
60,633
48,374
56,141
73,521
413,947

1,009
1,475
888
282
8
2,500
6,162

9,820
14,365
5,700
3,803
4,992
6,318
5,582
50,580

8,802
8,457
22,253
2,356
1,249
15,478
58,595

18,622
15,374
15,632
26,944
7,630
7,575
23,560
115,337

1,020
500
180
1,700

19,642
15,874
15,632
26,944
7,810
7,575
23,560
117,037

21,309
3,013
11,442
7,639
5,068
13,338
16,115
77,924

Hill

Bhaktapur
Dhading
Kathmandu
Kavre
Lalitpur
Makawanpur
Nuwakot
Ramechap
Sindhuli
Sub-total

7,223
36,190
17,104
29,921
11,068
35,776
31,783
32,276
34,333
235,674

6,274
10,839
14,069
7,958
7,425
23,502
15,047
4,248
20,652
110,014

181
1,836
736
936
931
1,851
1,264
1,364
9,099

2,900
2,182
1,826
2,833
3,467
2,093
2,971
1,688
1,631
21,591

3,006
402
222
380
2,434
7,119
13,563

3,081
7,024
2,562
4,171
3,467
3,246
5,202
5,386
10,114
44,253

1,205
360
2,130
1,410
1,172
60
6,337

4,286
7,384
4,692
4,171
4,877
3,246
6,374
5,386
10,174
50,590

53
4
57
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240
270
80
620
40
1,250

Total

Nonconventional

TOTAL Est Population
2006

21,035
22,426
11,467
13,784
21,652
90,363

1,153
440
168
89
167
2,017

82,174
56,252
21,298
26,607
30,657
216,987

750,380
904,295
604,783
604,864
694,560
3,558,881

-

674
674

210
205
1,338
33
9
647
215
91
2,748

2,507
5,244
6,852
4,680
3,599
8,693
4,932
11,973
48,480

192,739
164,946
286,530
218,849
152,343
196,937
107,344
302,611
1,622,297

-

-

176
29
491
696

6,337
3,882
7,758
17,977

158,973
106,786
131,080
396,838

91,037

5,461

283,444

5,578,016

21,929
3,293
14,232
8,927
5,116
13,378
16,705
83,580

54
56
707
781
128
55
73
1,854

41,625
19,223
30,571
36,652
13,054
21,008
40,338
202,471

623,422
526,016
713,071
590,531
549,118
615,927
702,715
4,320,799

53
4
57

33
291
437
207
47
34
33
1
1,083

4,319
7,675
5,129
4,378
4,924
3,333
6,407
5,387
10,178
51,730

265,056
337,363
1,413,043
383,805
402,959
406,541
282,975
207,527
288,007
3,987,273

-
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District Overall total total irrigable
new
Mountain Dolakha
Rasuwa
Sindhupalchowk
Sub-total
Sub-total

West

FMIS (Surface)
rehab
non- total FMIS
assisted
1,464
2,311
4,902
411
675
1,625
3,017
3,069
7,920
4,892
6,055
14,447

24,042
5,201
33,820
63,063

4,911
836
12,276
18,023

1,127
539
1,834
3,500

717,088

541,984

18,761

77,063

78,213

DOI
Surface

Total

Groundwater
STW
DTW

175
175

5,077
1,625
7,920
14,622

-

-

174,037

8,212

182,249

77,981

5,656

2,796
6,083
14,912
23,791

1,600
1,160
20,909
23,669

Total
-

Nonconventional

TOTAL Est Population
2006

124
8
84
216

5,201
1,633
8,004
14,838

195,393
44,016
296,828
536,236

83,637

3,153

269,039

8,844,307

4,396
7,243
35,821
47,460

71
79
173
323

25,608
26,933
65,288
117,829

526,956
603,189
794,308
1,924,453

415
149
118
370
89
128
90
333
49
45
174
1,960

2,851
1,910
4,000
2,554
8,098
4,937
1,727
3,996
3,535
3,056
3,643
40,307

203,012
268,775
279,598
288,407
436,313
172,437
114,044
152,208
264,869
303,234
319,263
2,802,158

-

Terai

Kapilvastu
Nawalparasi
Rupandehi
Sub-total

84,785
55,238
88,416
228,439

84,453
50,690
87,979
223,122

337
191
15
543

7,992
6,770
9,142
23,904

12,412
12,220
18,437
43,069

20,741
19,181
27,594
67,516

400
430
1,700
2,530

21,141
19,611
29,294
70,046

Hill

Arghakhanchi
Baglung
Gorkha
Gulmi
Kaski
Lamjung
Myagdi
Palpa
Parbat
Syangja
Tanahu
Sub-total

20,020
26,522
33,914
25,606
31,405
23,848
15,740
30,354
15,231
31,018
33,972
287,630

4,799
7,780
11,027
4,240
15,960
11,937
3,685
8,857
6,455
9,848
14,496
99,084

50
293
147
111
36
107
185
14
200
22
20
1,185

1,732
1,278
2,535
1,913
2,299
3,988
1,354
2,136
2,743
2,989
2,658
25,625

654
190
711
4,044
98
1,231
118
7,046

2,436
1,761
3,393
2,024
6,379
4,095
1,637
3,381
3,061
3,011
2,678
33,856

489
160
1,630
714
282
425
790
4,490

2,436
1,761
3,882
2,184
8,009
4,809
1,637
3,663
3,486
3,011
3,468
38,346

Manang
Mustang
Sub-total

718
4,221
4,939
521,008

121
159
280
322,486

55
55
1,783

348
1,015
1,363
50,892

263
263
50,378

348
1,333
1,681
103,053

51
51
7,071

348
1,384
1,732
110,124

23,792

23,669

47,461

2
2
2,285

348
1,386
1,734
159,870

8,063
14,217
22,279
4,748,889

Banke
Bardiya
Dang
Sub-total

49,525
52,836
64,522
166,883

48,550
52,660
59,505
160,715

192
192

4,460
11,918
12,160
28,538

1,669
13,756
15,425

6,129
11,918
26,108
44,155

1,250
960
2,585
4,795

7,379
12,878
28,693
48,950

8,173
7,835
2,848
18,856

2,380
600
1,675
4,655

10,553
8,435
4,523
23,511

320
152
288
760

18,252
21,465
33,504
73,221

438,577
404,613
507,482
1,350,671

Dailekh
Jajarkot
Pyuthan
Rolpa
Rukum
Salyan
Surkhet
Sub-total

28,373
21,114
23,197
29,651
23,592
28,033
31,231
185,191

7,075
4,143
7,037
3,980
4,170
5,282
19,275
50,962

61
150
15
513
739

840
949
1,257
1,011
1,344
1,356
4,120
10,877

1,957
350
2,476
41
1,440
5,242
11,506

2,858
1,449
3,733
1,011
1,400
2,796
9,875
23,122

340
387
727

2,858
1,449
4,073
1,011
1,400
2,796
10,262
23,849

-

-

27
10
9
36
37
40
125
284

2,885
1,459
4,082
1,047
1,437
2,836
10,387
24,133

243,486
153,086
220,293
217,255
198,503
227,972
319,666
1,580,260

Sub-total

Mid-west Terai

Hill
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District Overall total total irrigable
new
Mountain Dolpa
Humla
Jumla
Kalikot
Mugu
Sub-total
Sub-total

4,996
4,983
12,642
13,126
9,616
45,363
397,437

544
969
4,765
3,084
2,030
11,392
223,069

77
77
1,008

Kailali
Kanchanpur
Sub-total

66,723
40,970
107,693

64,112
40,891
105,003

103
103

10,834
3,614
14,448

15,688
2,270
17,958

Achham
Baitadi
Dadeldhura
Doti
Sub-total

31,982
25,543
16,032
27,562
101,119

10,972
7,450
7,266
10,468
36,156

133
30
7
170

1,267
2,206
2,730
1,969
8,172

Mountain Bajhang
Bajura
Darchula
Sub-total
Sub-total Far-Western Region

22,642
12,181
13,201
48,024
256,836

7,549
3,584
4,239
15,372
156,531

22
22
295

2,641,742

1,765,840

38,650

Far West Terai

Hills

Total

FMIS (Surface)
rehab
non- total FMIS
assisted
534
546
1,157
575
575
588
1,006
1,594
1,483
240
1,723
235
735
970
3,415
2,527
6,019
42,830
29,458
73,296
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DOI
Surface

Total

Groundwater
STW
DTW

Total

Nonconventional

TOTAL Est Population
2006

5,522

1,157
575
1,594
1,723
970
6,019
78,818

18,856

4,655

23,511

21
7
13
4
45
1,089

1,178
582
1,607
1,727
970
6,064
103,418

33,123
45,727
99,174
121,264
49,612
348,899
3,279,829

26,522
5,987
32,509

1,500
1,500

28,022
5,987
34,009

18,724
10,919
29,643

1,840
1,030
2,870

20,564
11,949
32,513

263
472
735

48,849
18,408
67,257

696,203
414,574
1,110,777

1,099
554
1,653

2,499
2,236
2,737
2,523
9,995

871
395
603
1,869

3,370
2,631
2,737
3,126
11,864

1
223
27
9
260

3,371
2,854
2,764
3,135
12,124

244,381
242,658
134,128
209,406
830,573

1,049
655
2,278
3,982
26,602

643
3,120
3,763
23,374

1,692
3,775
2,300
7,767
50,271

1,354
280
1,634
5,003

3,046
4,055
2,300
9,401
55,274

29,643

2,870

32,513

4
24
28
1,023

3,050
4,055
2,324
9,429
88,810

181,093
121,847
127,635
430,574
2,371,924

259,735

284,348

582,733

30,678

613,411

240,058

38,100

278,158

13,011

904,580

24,822,964

-

-

-
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E. Agency and Joint Managed Irrigation
This map was prepared as part of the Guidelines for Good Governance Project. It is
substantially the same as the CERD database, but differs in some details. It does not include
projects under construction (such as Sikta, on West Rapti) or the full areas of projects then still
under construction (such as Mahakali)
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F. Mining of riverbed materials (RBM) and
river degradation
Most southern rivers in Nepal that supply waters to small and medium irrigation systems in the
inner Terai and Terai originate from the Siwalik Hills or lower reaches of the Mahbharat
Mountain Ranges. The Department of Water Induced Disaster Prevention (DWIDP) has
identified 102 such rivers that flow across the Terai. These rivers carry huge sediment from the
mountains, which get deposited in their downstream reaches when they discharge into wide
river valleys in the plains (inner Terai or Terai). As a result, these rivers exhibit the tendencies of
both aggradation and degradation of their beds depending on the local context of sediment
management. Lateral shifting, by eroding the banks, is a common feature. Consequently, these
rivers are considered to be highly prone to flood hazards. Anticipated climate change will further
worsen the situation.
The situation is further aggravated by an ever increasing unplanned mining of RBM from these
rivers by local governments and other influential elites of the area. This is explained below

F.1

Mining riverbed materials (RBM)

In Terai, especially in its northern parts, mining of riverbed materials are continuing in two ways
– Illegal and legal.
There are certain stretches of river where mining of riverbed materials has been prohibited by
law25. Even then, mining continues in such areas because it involves large transaction of
financial resources, and the processes are being supported indirectly by local leaders and
political representatives. There are many evidences where local people confronted with the
workers of the illegal mining groups against their activities. However, such confrontations are
not effective due to lack of systematic monitoring and documentation of such activities.
Unlike this, mining of riverbed materials being undertaken under the management of the District
Development Committee (DDC) are legal activities. This is outlined below.
F.1.1

Mining RBM by DDC

Local Self Governance Act 1999 (2055) and Local Self Governance Rule 1999 (2056) authorize
District Development Committees to raise revenue by giving licenses to private sector for mining
RBM in their areas for local constructions and export to India26. Accordingly, most DDC in Terai
and inner Terai issue annual contract to private sector for mining riverbed materials. Following
are the key process prescribed by the Local Self Governance Rule (LSGR) for mining RBM.
● Every year, prior to the start of new fiscal year, concerned DDC first prepares an action plan
for mining RBM. The action plan specifies:
25
26

Mainly by environment protection act and regulations
Revenue from mining of RBM has been an important source of income for many DDCs. For example,
the Rupendehi District earns the highest revenue among the list of revenues through mining of RBM
from the Tinau River. This is happening not only in Terai rivers near the townships. Even in
Kathmandu valley the situation is the same causing degradation of the river bed, making many
irrigation systems not functioning.
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– Location and quantity27 of riverbed materials that are proposed to be mined
– Management plans and their costs for managing mining of riverbed materials
– Mining quantity of riverbed materials and contract amount of the preceding years
– Expected minimum mining contract amount for the next year
– Proposed mining schedule
● The DDC then submits this proposal to the District Council for discussion. After necessary
discussion, the District Council approves the action plan including proposed mining quantity
and mining bid price for mining.
● If the estimated minimum bid price is less that 150,000, the DDC procures mining contract
through negotiation with interested parties28. However, if the minimum bid price is more than
Rs. 150,000, the DDC procures mining contract through competitive bidding process.
The Chief District Officer (CDO) is responsible for monitoring of mining activities from the
perspective of prevailing regulatory provisions. However, concerned DDC is responsible for
monitoring the execution of mining contract
With the above process, most DDCs in Terai and inner Terai executed contracts in the past for
mining RBM from their concerned rivers. Mining quantities were decided on an ad hoc basis
without any assessment of sediment balance (inflows & extraction). Besides this, contractors
used to quote much higher bid price knowing that he / she could actually mine much more
quantity of river bed materials compared to the estimated figure29. As a result of this, huge
quantities of river bed materials were mined from these rivers, parts of which were even
exported to India30. Consequently, degradation of riverbeds has been reported in many
stretches of the river, which in turn changed morphology of the concerned river.
Above mining works undertaken by DDC were criticized by many concerned local communities
as stability of their river bank cultivated lands and local infrastructures built on the river (or river
banks) were threatened. Besides this, several concerned government ministries and
departments31 also complained against DDC managed mining activities.
F.1.2

Regulatory provisions for mining RBM

Recognizing the concerns raised by several institutions including local communities, the
Government of Nepal in recent past decided to enforce some of the existing regulatory
provisions for enhancing the sustainability of RBM mining. In doing so, the Government also
introduced a couple of new regulatory provision. These are tabulated in Table 5.1.

27

28
29

30
31

Exact basis of quantity estimation is not known. However, it is presumed that tentative estimation is
prepared based on (a) the prescribed length and width of the river for mining RBM, (b) maximum
prescribed depth through which RBM can be mined, and (c) approved RBM mining quantities of the
preceding years
Refer local government financial regulation
This approach is prevailing mainly due to lack of a scientific system for monitoring the quantity of
riverbed materials that are actually mined from the riverbed. Also refer Figure 5.2.
Huge market exist in India mainly for boulders and gravels
These include the Ministry of Environment, Department of Road (for protection of bridges),
Department of Irrigation (for protection of diversion weirs and barrages), and Department of Water
Induced Disaster Prevention (for protection of river training works)
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Table F.1: Existing and new regulatory provisions for sustainable mining of RBM
Source

Regulatory provision

Environment
Protection Regulation
1999 (BS 2054)

Following program / proposal requires IEE32
●

Mining of above 100 m3 of riverbed materials (sand, stone, gravel, soil) per day from a river
flowing through forest (Refer Clause 14, Section 1 of EPR)

Following program / proposal requires EIA
●

Mining of above 250 m3 of the riverbed materials (sand, gravel, soil) per day from river
surface (Refer Clause C, mining of section 2 of EPR)

●

Every DDC should initiate contract for mining of riverbed materials only after executing IEE /
EIA of mining proposal / program as per prevailing rules

●

A district monitoring committee led by the Chief District Officer will monitor establishment of
crusher and mining of riverbed materials from the perspective of existing regulatory provision

●

Ministry of Environment will prepare a national policy for sustainable mining of river bed
materials

●

Based on the vulnerability analysis of the areas, the Ministry of Forest will demarcate forest
areas into different uses pattern such as protected area, mining areas etc

Govt circular
(2067/3/22)

●

Riverbed materials from any rivers outside the national forest can be mined only after
completing EIA/IEE following the prevailing environment protection act / regulation

Govt circular
(2070 / 5/ 18)

Mining of riverbed materials and establishment of crusher industry cannot be done within following
distance

Cabinet decision
(2070/3/7)

●

500 m from highway

●

500 m from river bank

●

2 km from education centre, health centre, religious centre, forest, security post, and densely
populated areas etc

Presently, not all of these regulatory provisions are being enforced

F.2

Case study: Mining RBM from the Banganga River

The headwater of the Banganga River basin lies in the Mahabharat Mountain range in the
Arghakhanchi and Palpa Districts with catchment area of 187 km2 draining at Shingeghat of the
Kapilvastu District33. Its land-use pattern is primarily dominated by mixed forest (62%) followed
by cultivated lands under slopping and levelled terraces (28%). Rest of the land uses constitutes
of grazing land, shrub and rock outcrop.
F.2.1

Sediment yield of the Banganga Basin at Singeghat

Data on sediment yield of southern river basins are not available except in the case of
Mainachuli station located at foot hill of the Kankai River in the Jhapa District. With this data,
Lahmeyer (2016) developed a trend line for discharge versus sediment yield. Using this
relationship, the sediment yield (including bed load) of the Banganga Basin at Singeghat was
assessed, which comes out to be about 800,000 m3 per annum.
Likewise, the sediment yield of the Banganga Basin at Singeghat, estimated using a
mathematical regional model, comes out to be 1.38 million ton per annum34 (including bed load).
This amounts to about 627,273 m3 per annum, which is quite close to the first estimation made
using the Lahmeyar developed relationship. Further, Lahmeyer (2016) noted that many of the
32
33

34

DDC can execute IEE, but only the concerned Ministry can approve it
Refer Hydro-Met report by Dr. Keshav Sharma for topography and land use maps of the Banganga
basin
Personal communication with Dr. Keshav Sharma
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southern rivers in recent years have experienced high sediment loads that are aggravated by
landslides in the upper catchment. Recognizing this situation, sediment yield of the Banganga
Basin at Singeghat may be considered to be about 700,000 m3 per annum. Part of the
sediments are distributed in the area between Singeghat and the Banganga barrage, while part
is transported further downstream.
F.2.2

Quantity, price, and revenue contribution from sell of RBM35

The Banganga River is one of the main sources of RBM in the Kapilvastu District. It contributes
to over one fourth of the district’s production of sand and gravel. Table F.2 presents the
approved36 quantities of RBM and its rate for mining in the FY 2073/74 (2016/17) from the
specified river stretches
Table F.2: 21st District Council approved quantities of RBM and rate for FY 2016/17
Max mining
quantity (m3)

Rate
(per ft3)

Min bid
price (Rs)

Between 1 Km D/S of Chure hills and 500m
U/S of highway bridge, and
Between 500m south of the Banganga
Barrage and the Banganga municipality or
Niglihava VDC border

201,309

2.00

14,200,000

Riverbed materials that can be mined from
all rivers of the District

737,771

41,010,000

27%

34%

River

River stretches for mining RBM

Banganga
River
(including Koili
and Kopawa
tributaries)
All rivers

Percentage from the Banganga River

Table F.2 suggests that the Banganga River in the FY 2016/17 aims to produce about 27% of
the total targeted district’s production of riverbed materials. In terms of price, this value reaches
to 34%. This quantity, however, is much less compared to the quantities of RBM that were
approved for mining in the preceding fiscal years.
Figure F.1 suggests that the quantity of riverbed materials approved for mining in the FY 2016 /
17 is almost half of that of the FY 2014/15. Reasons for this decrease are not known. However,
several restrictions imposed in mining of RBM through the existing and new regulatory
provisions could be some of them.
In order to understand the relationship between the quantity and price of RBM, the estimated
minimum bid price versus actual bid amount for mining the approved quantity of RBM were
analysed. Figure F.2 presents this relationship.
Figure F.2 suggests that the estimated minimum bid price in the FY 2014/15 has increased
slightly compared to the FY 2013/14. However, increase in the actual contract amount in the FY
2014/15 compared to the FY 2013/14 is exceptionally high. This supports perception of local
community, who think that contractors quote much higher bid price knowing that he / she could
actually mine much more quantity of riverbed materials compared to the estimated figure.
Figure F.2 further suggests that the actual contract amounts for the FY 2015/16 and 2016/17 do
not exist. This is mainly because no contracts have been signed by DDC for mining of RBM in
these fiscal years, as their IEE / EIA are not yet approved by the concerned authority.
Furthermore, the decreasing trend of the estimated minimum bid prices for the FY 2015/16 and
2016/17 is mainly due to decrease in the approved mining quantities of RBM.

35
36

Source: Minute of the 21st District Council meeting, Kapilvastu District
Approved by the 21st District Council

348293 | Final | 1 | 25 January 2017
CDKN RSAS0017: Final Report-Appendices

Mott MacDonald | Climate Resilience of Irrigation in Nepal
Final Report - Main Appendices

111

Figure F.1: The quantities of RBM approved for mining for the FY 2014/15 to 2016 /17

Estimated mining quantity
(000) m3
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Figure 5.2: Estimated bid price vs actual contract amount for mining from Banganga
River
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Above data suggest that the quantities of riverbed materials that are being mined from the
Banganga River are decreasing. This aspect is further supported by the fact that no contracts
have been signed for mining of RBM for the FY 2015/16 and 2016/17s. This raises a question why then the local community are raising serious concerns of riverbed degradation due to
excessive mining of river bed materials?
Unlike the above noted official data, in reality, mining of RBM in the area may have been
actually continuing through illegal means. This situation is very much likely as the DDC failed to
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enter into RBM mining contract in the FY 2015/16 and 2016/17. The functioning RBM crushing
industry located very close to the Banganga River (Figure 5.3) further supports this argument. It
is to be noted that following the government circular dated 2070/5/18 (BS) (Table 5.1), this
crushing industry should not have been functioning in its present location as it is very close to
the Banganga River.
Figure F.3: River bed material crushing industry close to the Banganga River in its left
bank

Piles of river bed materials at
crusher industry

Signboard of the “New
Banganga Crusher Industry”,
Kapilvastu

F.2.3

Trucks load river bed
materials for export

Revenue contribution to the Kapilvastu District through sell of RBM

In order to understand the revenue contribution through the mining of RBM, data on segregated
annual revenue were studied. Figure F.4 presents the annual revenue of the Kapilvastu District
for the last three years.
Figure F.4: Annual revenue of the Kapilvastu District

Revenue in Millions (Rs)

Annual revenue of the Kapilvastu District
200
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45
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Source: Minute of the 21st District Council meeting, Kapilvastu District
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Figure F.4 suggests that the revenue contribution from sell of riverbed materials was 31% in the
FY 2012/13, which increased to 45% in the FY 2013/14 and 2014/15. Figure 5.4 further
suggests that with the decline in the revenue contribution from sell of the RBM in the FY
2014/15 compared to 2013/14, total annual revenue also declined accordingly. This suggests
that sell of river bed material contributes substantially to the total annual revenue of the
Kapilvastu District. As a result, the 21st District Council meeting raised concern on the declining
mining quantities of riverbed materials and suggested exploring other revenue options for
meeting the district’s development needs.
F.2.4

Recommended intervention for maintaining river morphology

Recommend intervention for maintaining river morphology may comprise of both structural and
non-structural measures, and such intervention should be site specific. One important aspect
that is to be kept in mind is that any structural interventions planned in the river should not alter
its hydraulic performance. For example, in the case of the Bagmati River in the Kathmandu
Valley, which was degraded severally due to sand mining, series of check dams were built for
stabilizing its river bed. This intervention changed river gradient. The river which was steeper in
the past became much flatter with series of vertical drops in it. As a result of this, its flow
carrying capacity has been reduced with negative environmental consequences.
Flood embankments and check dams could be some of the likely physical intervention. But,
enhancing the capacity of local government and concerned community for sustainable
management of riverbed material should be the priority intervention.
As there is a big demand and market of RBM, this activity can also be an opportunity for raising
local revenue if managed properly. Additional studies are required in this area.
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G. Summary of Consultations in Singeghat
Irrigation System
G.1
G.1.1

Introduction
Brief Description of Singeghat Irrigation System

There were 11 irrigation systems with temporary diversion structures which require repairs in the
intake of those systems after each heavy rainfall and flood in Banganga River. In 2000, after the
construction of the permanent intake at Singeghat by integrating those eleven irrigation systems
with the command area of about 2,500 ha, the pattern of water availability and agriculture
practices has changed according to the farmers participated in the Focus Group Discussion.
G.1.2

Method of Focus Group Discussion (FGD)

The command area was divided into head, middle and tail and one of the branches canal of
western part of command area. Farmers were divided into two groups having above 10 katha
land holding and less than 10 katha land holding. Groups were formed on the basis of head,
middle and tail sections. Discussions with the groups were conducted in their locations. Each
group consists of 8.5 members in an average including women members of the farming families.
The members for group discussion were recommended by the branch committees of the system.
The FGD took place in head, middle and tail sections of the irrigation command area to
understand their perceptions on climate change and its impact on agriculture practices. A
checklist is prepared to guide the FGD. The discussion revolved around the perceptions and
experiences of the farmers on temperature and rainfall, agriculture practices, cropping pattern
and the impact of climate change on crop choices and crop coverage.
FGD also provided information on household income pattern and migration in the command area
villages. Irrigation officials and senior citizens were also consulted.

G.2
G.2.1

Climate Changes
Temperature

Most of the participant farmers reported that they have experienced changes in temperature. They
have experienced the rising temperature both in summer and winter period. During summer, it is
too burning hot. In winter, the cold temperature has decreased and duration of cold days
decreased. A few years ago, they would experience fog and even frost but these occur less now.
According to them warm temperature has increased both during summer and winter (figure. G.1).
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Figure G.1: Temperature Variation in Singeghat Irrigation System

G.2.2

Rainfall

The group felt that rainfall pattern has also changed compared to previous years: (see fig. G.2).
● delayed monsoon
● More variations in rainfall with short duration heavy rainfall, long duration of dry spell even
during monsoon.
● less rainfall or no rainfall in winter They related their experience of 2015 when there was long
duration of no rainfall after monsoon affecting the winter crop.
Figure G.2: Rainfall pattern in Singeghat Irrigation System (2005-2015)
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G.3

Flood

During FGD, they reported flood once in 10 years. There was heavy rainfall measuring 411 mm
in 24 hours on July 25, 2016. The flood water topped even the wall of the intake. The gate
operators could not close the gate of the canal so the main canal got siltation of 2-metre depth up
to two and half kilometre in the canal from the intake. That silt had to be removed mechanically
by mobilizing the private party under the supervision of the WUA of Singeghat. There was flood
in the canal as well as in the field at the head end section of the command area. However, the
flood did not last long so the flood of this time could not cause heavy damages in the
infrastructures. When they had temporary diversion weirs, the farmers had to reassemble for
repair of the temporary diversion weirs. After the construction of permanent weir, they do not have
to spend many days in repair and maintenance work, even after flood. The farmers had
experienced the occurrence of heavy flood once in a ten year cycle.

G.4

Irrigation Water Management

However, the irrigation system provides only supplementary irrigation water, management of
proper water distribution among the branches and within the villages are big challenges. It was
reported during discussion that there are 17 DTW/ STW in the eastern section of the command
area and 7 in western section of the command area. They say that these DTWs / STWs have
become good irrigation asset to them. In order to operate and regulate the DTW and STW for
irrigation, they have Ground Water Users Groups. They supervise the water distribution, O&M,
Cost recovery, etc. The capacity of DTW has decreased so each DTW irrigates only about 12 ha
of land. Similarly, STW also irrigated between 3-4 ha. Many of the tube wells have now electricity
connections. They are usually for supplementary irrigation. When there would be dry spell even
during monsoon, these tube wells help sustain the crops.
When they have dry spell, they go by rotation system by making water to half of the channels at
one time and for other half in next time. They go by rotation among the canals. Singeghat has
many permanent structures so they can have controlled distribution of water even during water
shortage in the main canal.
The farmers have practiced the water management practices under the water deficit regime. More
attention on water management is given during paddy cultivation. During this time, the paddy
coverage is in 100% command area. In winter and spring, the crop coverage is only in 50% of
command area. Hence, canal water is not easily available in the tail end sections of the command.
The cultivation of crops takes place based on water availability.

G.5
G.5.1

Agriculture Activities
Monsoon Paddy

Farmers reported that there has not been some change in monsoon paddy cultivation. The
coverage of paddy cultivation has reduced. The paddy cultivation practices have changed based
on water status of the command area. Where there is irrigation water supply and supplementary
water supply from groundwater, the farmers prepare the seed bed, transplantation and other
activities in early June. The farmers do not have to depend on the rainfall.
The farmers feel that there has been delayed rainfall, they have to match their agriculture activities
on the rainfall. Specially, tail end section of command has to depend on the rainfall. Irrigation
water comes to them late. Though, they have DTWs and STWs, they are not enough for paddy
plantation. They will have delayed paddy transplantation. This practice would have impact on the
yield of paddy as well. Though paddy is the main crop, the participants felt that it has decreased
because of urbanization and plotting of land for housing purpose.
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G.5.2

Winter and Spring Crops

The winter and spring crops are usually affected by changes in temperature and rainfall patterns.
Instead of wheat, they have opted for potato and mustard cultivation. The change of crop pattern
is attributed both for climate change, function of market and cost of production.
In winter, they have wheat and potato but wheat coverage is decreasing. Not all area is covered
by crop. Wherever, they can get irrigation water during January, they will have these two crops
as cash crops. They also broadcast mustard and lentils. They have three types of crops grown
during winter like black mustard (kalo tori) will be cultivated where they have harvested paddy
early so that they can harvest tori by end of January (Magha) when there is likely of no frost and
fog. The other mustard (Chaite tori) that they grow will ripen in March. However, this mustard
does not yield much oil so it is not that profitable. Mustard cultivation also depends on the type of
land. It can grow only in the high lands (tadi). The low land (ghol) will be left uncultivated during
winter. Recently, rapeseed (Alas) is grown widely. The farmers felt that there is not much impact
of climate change (see fig. 3). Coverage of pulses in winter has increased since 10 years ago.
Maize in Spring season is grown but the coverage is decreasing compared to 10 years ago. They
grow maize with the help of DTW water. The water also will be used for paddy seedbed
preparation as well so that as soon monsoon rain starts they can start paddy plantation with the
help of irrigation water. It was reported by the farmers that even less water in the intake of the
canal can come up to the command area due to permanent structures in many parts of the
command area as compared to the previous temporary structures. Hence the farmers feel that
the permanent structure has now benefit of getting water even if they have small quantity of water
in the main canal but during the time of temporary diversions, such activity would not be possible.
Despite the permanent structures, there are other factors which influence on the farmers’
agriculture practices. Last year (2015), two factors have discouraged the farmers to undertake
agricultural activities. They are uncertain climatic effects. Last year, there was dry spell, so almost
70% land could not have transplantation of paddy in time. Secondly, the farmers do not get right
price for their agriculture produces because the paddy price will be fixed by the mill owners which
will be often time less than the production cost.
Figure 3: Agricultural Production in Singeghat Irrigation System
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G.6

118

Household Income

The household income has change over period of time. The share of agriculture income at
household is decreasing. The small farmers have now opted to engage themselves in nonagriculture activities as compared to agriculture activities (see Figures G.4-6).
Now

10 years ago

Livestock
Now only one improved cow

used to raise many buffalo

Milk collection at every road crossing

No milk sale culture

Professional livestock raising

buffaloes for ploughing

Few improved goats for sale

many small goats

Agriculture activities through cash
Manpower less

people to take care of animals

No more perma

perma system

Tractor for ploughing

Bullocks for ploughing

Tractor renting cost effective

Bullock keeping expensive

Migration a big phenomenon

less migration

High yielding varieties of rice

old variety of rice

Increased yield

less yield

Enough food to eat

subsistence food supply

Non-agriculture activities
Food security through remittance

no such security before

Local labour for house construction

labour come from India

Many permanent houses in the village

many temporary houses

People go to India for employment

labourers from India come to Nepal

Investment in non-agriculture activities
Agriculture not central activity

all activities from agriculture

Cash flow increased by other activities

cash flow only after paddy harvest

Cash economy

kind economy (livestock sale for cash)

Return in agri investment less
Alternative investment opportunities

less such opportunities

Small holders moved to new jobs

not so before
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FigureG.4: HH Income (now)- > 10 katha
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Figure G.5: HH Income (now) < 10kat

Figure G.6: HH Income 10 years ago

G.7

Migration

Long and short-term migration of young people from villages have become common
phenomena (see figures. G. 7 & G.8). The remittances from migrant people have become
important source of household income. Shortage of manpower in the villages has impacted on
agriculture activities as well as impact on the role of women. Women are now more engaged in
agricultural activities.
Figure 7: Emigration - land > 10 Katha
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G.8
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FGD Findings from Four Distributaries of Singeghat Irrigation System

Features of environmental factors and agriculture patterns among the head, middle and tail
distributaries of Singeghat Irrigation System (SIS).
G.8.1

Temperature Variation

Cold temperature is reported in December, January and mid-February in Baijalpur (head section).
High temperature is reported from March to mid–November. However, they reported that cold
temperature has decreased and hot temperature has increased over 10 years or so time.
Similar temperature variations were reported in Bathanpur (middle section), Laugai (middle
section) and Jhanda (tail section) (see figure G.9). All respondent groups of three distributaries
reported that they have felt increased temperature from March to mid-November. They also
reported that the cold temperature in winter has also decreased. Hence, overall increased
temperature is felt by all sections of the distributaries.
Figure G.9: Perceived Temperature Changes in Four Distributaries

Baijalpur (Head Section of SIS)

Jhanda (Tail Section of SIS)
G.8.2

Bathanpur (Middle Section of SIS)

Laugai (Western Part of SIS)

Rainfall Pattern

Compared to 10 years ago, the respondents reported that they have experienced decreased
rainfall in 2015 (see fig. 10). All the distributaries reported delayed rainfall and rainfall started only
in mid-July and August. This has impacted in seedbed preparation and transplantation. However,
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the farmers experienced the benefit of permanent structures of the Singeghat Irrigation system
whereby they can distribute water in a controlled manner in the required area. However,
Singeghat Irrigation System could supply irrigation water only up to the half of the command area
during dry spell. Jhanda distributary has to wait until rainfall occur in order to get irrigation water.
There has been almost no rainfall in winter season in 2015.
Figure G.10: Perceived Rainfall Changes in Four Distributaries

G.8.3

Baijalpur (Head Section of SIS)

Bathanpur (Middle Section of SIS)

Jhanda (Tail Section of SIS)

Laugai (Western Part of SIS)

Agriculture Practices in Head, Middle and Tail Distributaries

Within the command area of Singeghat, monsoon paddy, maize, wheat, potato, mustard, pulse,
winter vegetables and summer vegetables are grown.
In Baijalpur, paddy production remains the same between 2015 and 10 years ago whereas in
Bathanpur, Laugai and Jhanda, paddy production has decreased compared to 10 years ago (see
fig. G.11). Bathanpur, Laugi and Jhanda are in the process of urbanization. Lands are used for
plotting to construct houses.
Maize cultivation remains the same in Baijapur between now and 10 years ago whereas in
Bathanpur, Laugai and Jhanda had decreased maize production. Wheat cultivation has also
decreased in Baijalpur, Bathanpur and Jhanda but it remained the same in Laugai in winter
season.
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Potato cultivation has increased substantially in all four distributaries. Mustard cultivation has
increased in all four distributaries. They grow mustard as cash crop in December and January
and other crop in end of February.
Pulse cultivation has remained the same in Baijalpur, Jhanda and Laugai whereas it has
increased in Bathanpur. Winter vegetable cultivation remained the same in all command area.
Summer vegetable cultivation also increased. Laugai has substantially increased summer
vegetable cultivation.
Paddy cultivation is the prime crop and priority is given for cultivation of this crop. Irrigation and
other activities are revolved around the cultivation of paddy crop. Farmers have not reported
spring paddy cultivation in this command area.
There are different pattern of crop production and coverage between the rich and marginal
farmers. There have not been change in maize cultivation among the farmers holding less than
1/3 of a hectare whereas the farmers holding more than 1/3 of a hectare have increased this.
Figure G.11: Features of agriculture practices among big and marginal farmers

Baijalpur (Head Section of SIS)

Bathanpur (Middle Section of SIS)

Jhanda (Tail Section of SIS)

Laugai (Western Part of SIS)
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Wheat cultivation among the farmers holding the larger than 1/3 of a hectare has increased as
compared to small holders. However, paddy cultivation has decreased in both categories.
Potato cultivation as cash crop has increased among all category land holders. Mustard, wheat.
potato and pulse are grown in larger quantity by the large landholders. . Marginal farmers have
less coverage of crops except potato and winter vegetables. Mustard cultivation is dependent on
climate as well as land type. It can grow only in uplands (Tadi). Similarly, farmers in Baijalpur
which is close to forest area grow winter crops only in limited area because of wild animal threat
in winter specially the wild cow destroys the winter drops.
Pulses and winter crops are grown in both categories of landholders whereas summer vegetable
cultivation has decreased in both category of land holders (see figure G.12).
Figure 12: Agriculture production above 10 Katha and less than 10 Katha

Farmers holding more than 10 Katha land

Farmers holdingless than 10 Katha land

The aggregate figure of agriculture production and cropping patterns are so different among
those four distributaries as reported by the farmers participating in the focus group discussion
(FGD). Those variations are the result of the function of the irrigation systems as well as other
non –climatic impacts.
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H. Summary of Consultations on Girwari
The command areas of the Julphe Irrigation System is divided into three stretches namely head,
middle and tail. At each stretch of the command area, two focus group discussions were
conducted with communities of different wellbeing groups. Beside this, the senior citizens of the
area were also consulted through one FGD to learn the historical development of the area
Information received from these FGDs on the climatic and production (agricultural) variations
are summarized below. These are also supported by key informant interviews, observations,
and measurements.

H.1

Impact on climatic variations (Temperature and rainfall)

Figure H.1 and H.2 present farmer’s perception on the recent climatic variations, mainly
temperature and rainfall, compared to a decade ago.

Temperature indicators
4: Hot; 3: Warm; 2: Plesant: 1: Cold

Figure H.1: Farmer’s perception on temperature variations

Temperature Variation
4.0
3.5
3.0
2.5
2.0
1.5
1.0

10 year ago

2072BS

Note: The Nepali month “Baisakh” corresponds to Mid April to Mid May. Remaining Nepali months should
also be read accordingly while examining them as per English calendar.
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Figure H.2: Farmer’s perception on rainfall variations
Rainfall Indicator
3: Good; 2: Moderate; 1: Less; 0: No rain

3.0

2.5

2.0

1.5

1.0

0.5

0.0
Baisakh

Jestha

Asadh

Srawan

Bhadau

Ashoj

10 year ago

Kar k

Mangshir

Paush

Magh

Phagun

Chait

2072BS

Figure 1 suggests that from Jestha to Bhadau (Tentatively May to August), days are getting
hotter compared to a decade ago. This variation, however, is less during the spring and winter
seasons indicating that winters are also getting warmer. Farmers’ also reported that cold days
are decreasing.
With regard to the rainfall, farmers these days are experiencing relatively less rainfall compared
to a decade ago (Figure 2). This is specifically true in the case of monsoon season. Even during
the post winter and pre-monsoon seasons, farmers feel that rainfall is decreasing.
It seems that farmer’s perception on rainfall is emerging from the perspective of meeting
agricultural needs of water, especially the crop water requirements. As a result, farmers may
have felt less rainfall compared to decade ago though in reality the quantum of total annual
rainfall may not have reduced so much. This necessitates assessing the rainfalls that are useful
for agriculture. Such rainfall is termed as effective rainfall.
One may argue that it is not relevant to examine the effectiveness of rainfall in an irrigated
agriculture as irrigation itself meets crop water requirement. But, as most of the irrigation
systems in Nepal, including Julphe Irrigation System, are designed for supplementary irrigation,
availability of rainfall is critical even for irrigated agriculture. The rainfall characteristics outlined
below indicate to what extent such rainfall is effective in meeting agricultural needs of water.
● Rainfall of high intensity (or large amounts) that produce surface runoff should be considered
to be of reduced value for agriculture. So, high intensity rainfall is not effective.
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● Rainfall after the crop reaches physiological maturity is non beneficial, and such rain is not
effective
● Small rains are important, not only in the amount of water received but also because of the
associated decrease in the potential evapotranspiration due to cloudy and humid conditions.
● Rain water retained by the plant canopy contributes to the satisfaction of the meteorological
evaporative demands. This results in a consequent reduction in use of soil moisture.
Above rainfall characteristics suggest that small and timely rains are highly effective for meeting
the agricultural needs of water compared to high intensity erratic rains.
Recognizing this, rainfall characteristics of the Beluwa-Girwari station were examined (Figure 3),
which suggest that days with smaller rains (up to 50 mm) are decreasing.
Figure H.3: rainfall days (Beluwa- Girwari station)
140
Greater Than 100 mm
Greater Than 10 mm

Greater Than 50 mm
Greater Than 1 mm

120
y = -0.1935x + 98.397
R² = 0.0462

No. of rainy days

100

80
y = -0.0192x + 56.739
R² = 0.0011

60

40
y = 0.03x + 14.149
R² = 0.018

20

y = 0.0309x + 3.7967
R² = 0.0569
0

Note: This trend of decreasing “days with small rainfall” is also valid for other meteorological stations of the area

Figure H.3 probably supports farmers’ perceptions that indicate reduction in rainfall compared to
decade ago.
H.1.1

Impact on water availability

There is a general consensus among the water users that the availability of water in the river,
especially during the dry season, has decreased significantly in recent past37. Farmers reported

37

However, it is not known whether the decrease in dry season river flow is primary due to climate
change or a cumulative impact of climate change along with other socio environmental changes.
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that there used to be quite some flows in the Girwari River to allow water flowing in the Julphe
canal up to the month of March. This, however, is not possible these days unless all the river
water is diverted to one canal on time share basis38. This perception of farmers on water
availability at source is also supported by the actual data on river flow. This is outlined below.
In 1982, East Consult reported that the mean monthly low flow of the Girwari River in the
months of April and May were about 340 and 310 lps respectively (East Consult, 1982). This
estimation was done on the basis of regional hydrographs and a few low flow measurements.
Unlike this, a couple of low flow measurements made in recent past (during the preparatory
phase of the detail study) indicated an average low flow of only about 90 lps (Table 1). This
indicates that the low flows are decreasing.
Table H.1: River flows as measured at site
Date

Location

Flow area
(M2)

Adjusted velocity
(m/sec)

River discharge (lps)

30 April

Jhyalbas

0.3

0.24

72

30 April

Jhyalbas

0.143

0.72

102

01 May

Intake site u/s of
suspension bridge

0.216

0.45

97

Average

H.1.2

90.3

Impact on irrigation management

Irrigation management is defined as the management of system operation for directing /
controlling water for satisfying water needs of the crops. Thus, impact of climate change on
irrigation management here refers to impact on water delivery (adequacy, reliability and
efficiency), irrigated area, water conflicts, and O&M arrangements of an irrigation system.
Irrigation management can be studied at three levels of an irrigation system namely: main
system, distribution system, and on farm system. In this study, FGDs focused mainly on the
management of main and distribution systems. Paragraphs below summarize FGD outcomes
on “impact of climate change on the management of main and distribution system”.
● Availability of water is not adequate from the perspective of irrigation need. But, whatever is
available are distributed to different segments of the irrigation system in an equitable
manner, and water deliveries are reliable.
● During the monsoon season, the main and distribution system receive water on continuous
basis, while during the dry season water is delivered on the basis of timed rotation
● There has not been any change in the total system area from the perspective of irrigation.
That means no lands have been abandoned due to unavailability of water.
● There has not been any major change in irrigation management in the last ten years
Furthermore, it is interesting to learn that the FGD outcomes do not show any variations in
irrigation management across the head, middle and tail of the Julphe Irrigation System. This
may be because FGDs focused only on the management of the main and distribution systems.
In sum, following are some of the broad changes on irrigation management that have been
observed or likely changes that may have already taken place, which requires further study

Farmers believe that some of the causes of decreasing water availability are: Less rainfall, land use
change in watershed, more water use upstream, and change in river morphology due to sand minin
38

This method of sharing river water by diverting all the source water to one canal on time share basis is
locally known as KuloPalo.
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● In general, impact of climate change on the management of main and distribution system of
the Julphe irrigation systems is nominal
● To some extent, there has been reduction in irrigated area due to its urbanization as a result
of migration of the mountain community.
● To some extent, supply of water has been augmented through the development of six deep
tube wells at the tail end of the command area.
● With the declining water availability at source and up keeping the irrigated areas in different
sub-systems, parts of the Julphe systems are likely to be operating under deficit irrigation.
H.1.3

Impact on agricultural production

It is difficult to quantify the magnitude of the climate change impacts on agricultural production,
and studies on this topic are still limited. However, Figure H.4 presents impact on agricultural
production, especially on production changes as perceived by farmers.
Impact of climate change on agricultural production can be positive as well negative. Increase in
biomass production and consequently crop yield as a result of increase in temperature is the
likely positive impact39. Whereas impacts caused by climate induced threats40are likely to be
negative. Thus, impact of climate change in agricultural production needs to be examined from
above two perspectives, though it is difficult to quantify them.
Figure H.4: Changes in agricultural production (in relative terms)

Production in the past and present
(in relative terms)

Agricultural production
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
Monsoon
rice

Maize

Wheat

2072BS

Potato

Mustard

Pulse

Winter Summer
vegetable vegetable

10 years ago

Table H.2 below attempts to explain factors causing changes in agriculture production, part of
which may relate to climate change

39

40

An analysis conducted by the Nepal Agricultural Research Council (NARC) using simulation models
for major crops such as rice, wheat and maize suggested that under elevated CO2 and a 4°C
temperature rise yields of rice and wheat might increase by 3.4% and 41.5% in the subtropical lowland
areas. Under such a climatic variation, maize yield however is likely to decreased in Terai. It is to be
noted that these simulation models consider ideal production potential mainly conditioned by CO2 and
temperature. In actual practices the scenario may be different.
Flood, changes in seasonal water availability, landslides, storms, hail stones, and heat & cold waves
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Table H.2: Factors causing changes in agriculture production

Crops

Factors causing
Increase in production

Monsoon
rice

Maize

Wheat

H.2

Decrease in production

●

Temperature rise

●

Deficit irrigation

●

Use of new hybrid paddy
requiring less water and
relatively short growing
period

●

Decreasing rainfall of small
magnitudes

●

Poor extension and OFWM

●

Temperature rise

●

Decreasing rainfall of small
magnitudes

●

Poor extension and OFWM

●

Use of chemical fertilizers
/ pesticides

●

Use of high yielding
varieties and chemical
fertilizers / pesticides

●

Temperature rise

●

Deficit irrigation

●

Use of high yielding
varieties and chemical
fertilizers / pesticides

●

Decreasing rainfall of small
magnitudes

●

Poor extension and OFWM

End results as
perceived by farmers
No change in production

Decreasing production

Decreasing production

Local level adaptation to climate change

Institutional strengthening for managing kulopalo at the source river is one such adaptation
measure. Though the system of Kulo Palo was also reported in the past, that time the irrigation
coordination committee was defunct and the chairman of the Deurali Village Development
Committee used to coordinate sharing of river water among the systems (Parajuli 1999).
Later, with the increasing water scarcity at source, the Girwari Irrigation Coordination Committee
became active and started enforcing the KuloPalo since the last 12 year. In 2016, the kulopalo
was initiated from 12 March 2016 (2072-11-29). Below is its schedule.
● Tribhuvan Tar kokulo: 84 hours
● Jhyal Bas kokulo: 12 hours
● Bari Kulo: 44 hours
● Goyarikulo: 6 hours
● Julhpekulo: 66 hours
Construction of 6 deep tube wells for augmentation of water sources at the tail end of the Julphe
Irrigation System is another adaptation measure.
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I. Summary of Household Survey
A household survey was undertaken with 217 respondents across two sub-basins to compare
agricultural practices and perceptions of climate over the past 10 years. Average household size
was found to be 6.5 with most being partly reliant on migration / remittances (0.83 adult
migrants per HH on average) but all are actively involved in agriculture. The survey indicated
that average landholdings are slightly lower now (14 katha per HH) than 10 years ago (16
katha), as would be expected given population growth, but there has been little change in the
proportion of total farm land which is irrigable. Slight increases in irrigable area have been seen
in some areas, primarily as a result of the development of groundwater irrigation. The
differences between head, middle and tail indicate a declining cropping intensity from head
(235%) to tail (145%)
Table 20: HouseholdSurvey - summary of irrigated areas by location and season
Locat
-ion

Total

Nos
HH

217

Avg
HH
size

6.5

Migrants
/HH

Farm area
2072 2062

0.83

14.0

16.3

Irrigable (katha/HH) 2072
Monsoon

Irrigable (katha/HH) 2062

Winter Summer

13.1

9.1

6.4

Monsoon

Winter Summer

14.0

10.9

7.8

Head

62

6.5

1.0

10.6

12.2

10.6

8.7

7.1

12.8

10.5

9.1

Middle

92

6.4

0.8

13.6

17.2

13.0

8.5

5.7

12.6

10.9

7.5

Tail

63

6.7

0.7

17.9

19.1

15.8

10.3

6.9

17.3

11.3

7.0

Source: this study

Table I.2: Proportion of land irrigation by season and location
Location
Total

Irrigable now
Monsoon

Winter

Spring

Irrigable 10 yrs ago
Monsoon

Winter

Spring

94%

65%

46%

85%

67%

48%

H

100%

82%

67%

100%

86%

75%

M

96%

63%

42%

73%

63%

44%

T

88%

58%

39%

91%

59%

37%

Source: this study

However, irrigation in all seasons is supplementary, and thus the quality or reliability of irrigation
may have changed. With appropriate choice, crops can be grown without irrigation or with very
little irrigation in monsoon or winter – although the yields may be significantly reduced if
irrigation is inadequate. Spring cropping is dependent on irrigation, even if there is some rainfall
Respondents were asked about their perceptions of climate over the past 10 years. There is a
very strong perception (by 90-100%) of the population that both summer and winter
temperatures are increasing. Changes in rainfall are also reported, although there is much less
of a consensus. Rainfall has always been very variable, and thus it is difficult for farmers to
assess whether there has been a significant change in recent years. 75% believe that the total
rainfall in the monsoon has decreased and 64% in the winter, although a substantial minority
(20% in winter and 25% in the monsoon) believe it has increased. 78% believe that rainfall has
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become generally less intense, but a similar proportion (71%) that rainfall events are becoming
less frequent – although these might seem contradictory statements, they are consistent with a
general change in the rainfall pattern which matches the (statistically non-significant) trends
noted in the rainfall data. Changes in winter fog incidence are important for some aspects of
crop production, but here the perceptions are mixed, with 27% reporting an increasing trend and
53% a decreasing trend (the remaining 20% see no change).
Reliability of access to water is generally seen to be decreasing, particularly in the winter and
spring season. This is a relatively minor problem in the monsoon, but is strongly (by 75% of
respondents) seen to be due to declining availability of water in the river at that time. The picture
in the dry seasons is different, with multiple problems being cited. Most commonly (45%),
farmers report that the river bed level is getting lower, making it more difficult to abstract water.
The second most common reason (26%) given is a decline in river flows and 18% report an
increased demand by other users. Barely 5% see that changes in rainfall have increased their
own irrigation requirements. These figures are based on very limited recall data, but they
suggest that irrigation and irrigated agriculture faces multiple challenges and that climate
change is not yet the most significant.
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J. Nepal’s new constitution and its
implementation
J.1

Introduction: Nepal’s constitutional reform

Nepal’s new constitution 2015 has made a provision of federal government system with a threetiered administrative system
● Federal Government at the centre,
● Provincial Governments at the Provinces – seven in number, and
● Local Government41
The constitution outlines following fundamental rights and directive principles with regard to
development, management and uses of water resources
● Access to clean drinking water and sanitation is a fundamental right of every citizen
● Natural resources including water resource will be developed, managed, and utilized in an
environmentally sustainable manner by adopting the national interest and inter-generational
equity, and its benefits will be distributed to all in an equitable manner with priority and
preferential right to the local communities
● Multipurpose water resources projects will be developed with priority to domestic investment
following public participation
● Sustainable and reliable irrigation systems will be developed through prevention of water
induced disaster and river management
The constitution outlines responsibilities to be shared between federal, provincial and local
levels, with some issues to be concurrently managed at various levels (Table J.1)
Table J.1: Federal, provincial and local responsibilities in the 2072 constitution
Level of governance

Responsibility in relation to water resources and irrigation

Federal

Formulation of policies relating to conservation and multiple uses of water resources
Implementation of central level large irrigation projects
Management of trans-boundary waters and international border rivers
Formulation of land uses policy

Province

Implementation of provincial level irrigation projects
Environmental conservation and water use management within province
Land management and land accounting
Agriculture and livestock development

Concurrent authority of
federal and provincial
governments

Management of provincial boundary river and waterways
Management and utilization of water bodies extended over two or more provinces
Formulation of land policies and related acts

Local level

Local level irrigation
Watershed conservation

Concurrent
responsibilities of federal,
provincial and local level
governments

Irrigation services
Management of royalty from natural resources

41

The boundary of local government is still to be decided and a committee is already formed and
working on it since last six months.
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Nepal’s new constitution also made a provision of a “national natural resource and financial
commission”. The function of this commission is to determine the modality and criteria for the
apportionment of investment and accruable benefits among the federal, provincial and local
levels. The commission is also entrusted with the right to make recommendation through
necessary investigations for resolving the dispute that arises in distribution of natural resources
between the federal, provincial, and local levels. Likewise, the commission is also mandated to
provide advice to the government in relation to environment consequences on the distribution of
natural resources.

J.2

Initiatives undertaken in implementing Nepal’s new constitutions

Government of Nepal has undertaken following initiatives in implementing its federal
constitution, especially in relation to managing water resources
● Formulation of Federal Integrated Water Resources Policy and modernization of Water Act
● Decide on administrative restructuring in terms of organizational structure, human resources,
financial and inter-linkage system of management
J.2.1
Formulation of federal integrated water resources policy and modernization of
water act
Formulation of integrated water resource policy and & modernization of water act is led by
Water and Energy Commission Secretariat (WECS). On 29 May 2016, WECS formed a 9member Task Force led by its Joint Secretary for formulation of policy and water act. Their
processes are being supported jointly by the ADB and World Bank. ADB’s supports are
provided through the ongoing Bagmati River Basin Improvement Project (BRBIP)42, while the
World Bank is providing supports by mobilizing a couple legal and water resources specialists.
As of October 2016, the task force team drafted the first draft of the Federal Integrated Water
Resources Policy, and WECS plans to start drafting of Water Act by December 2016. Both the
policy and water act are expected to be approved by mid-2017.
Following are the principal objectives and key policy principles outlined by the draft of the
Federal Integrated Water Resources Policy
Objectives
● To make available potable and sufficient water for drinking and sanitation
● To ensure food security by allocating required amount of water for agriculture sector
● To manage allocation of required water supply to preserve the ecology by maintaining a
clean environment, and for religious and cultural activities.
● To provide necessary water on the basis of its equitable distribution for all sectors and subsectors that utilize water resources, and to mitigate the effects on other sectors through
sector-wise use
● To support the overall economic development by providing sufficient water for agriculture,
hydro-electricity generation and other industrial development.
● To prevent and mitigate water induced natural disasters.
● To establish uniformity in working procedures of the centre, provincial and local levels in the
conservation, utilization and risk mitigation of water resources

42

Under BRBIP, several Technical Assistances and supports from UNESCO-IHC International
consultants are mobilized for this
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Principal policies
● Manage water resources based on river basin based approach for its sustainable
development and management
● Allocate required water for drinking, sanitation and environmental protection.
● Allocate required water to agriculture, generation of hydro-electricity, water transport,
industrial and other economic activities.
● Minimize risks due to water induced disasters for sustainable development of water
resources.
● Minimize pollution of water resources in order to avoid adverse effects on the ecology
resulting from the use of water resources.
● Use environment friendly technology in order to mitigate the adverse impact on water
availability due to climate change
● Establish effective water management system through participatory approach
● Utilize ground and surface water resources in a coordinated manner.
● Establish a harmonious relationship between federal, provincial and local level in the use of
water resources.
● Develop necessary organizational structure for the management of water resources
● Provide due considerations on the regional as well as international aspects in the use of
water resources
Working policies
Below are some of the proposed working policies for establishing harmonious relationship
between federal, provincial and local level in the use of water resources
● Projects meeting following criteria will be regarded as central level large projects
– In case the main and secondary structures extend over more than one province;
– In case the federation bears the expenses;
– Projects under foreign aid or loan to be constructed and implemented by the federation
● Following criterions will decide whether a project will remain within the jurisdiction of federal,
provincial and local levels
– Physical location of main and secondary structures
– Extension of services to be delivered by the project
– Investment on the project and its source
– Construction of the project and its capacity
J.2.2

Institutional structure

● In order to direct at policy level in aspects related to conservation and development of water
resources, there will be Water Commission at the federal level. This commission will also
monitor and coordinate on the uses of water resources
● There shall be river basin offices as needed for the integrated development of water
resources.
● Development of water resources will be made through the use of statistics available at the
river basin offices, and in coordination with them
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J.2.3

Administrative re-structuring

In order to prepare for administrative restructuring of the country following the Nepal’s new
constitution, two high level committees have been formed and are in action:
● Directive committee chaired by the Prime Minister, and
● Coordinative committee chaired by the Chief Secretary of the Government
On 29th June 2016, the coordination committee meeting headed by the Chief Secretary has
decided to form task forces based on the following five clusters.
7. Social cluster,
8. Economic cluster,
9. Infrastructure cluster,
10.Security and governance management cluster, and
11.Constitutional Body, Parliament and Law cluster
These five task forces include about 30 Joint secretaries of the line Ministries with five to six
joint secretaries in each cluster. These task forces are headed by the Joint Secretary of the
Office of the Prime Ministers and water sector lies under the purview of Infrastructure cluster.
The main objective of the task force is to prepare draft administrative restructuring of the country
following Nepal’s new constitution. Below are the Terms of Reference (TOR) of the task force.
● Each task force shall prepare its own plan of action based on the TOR within the stipulated
time frame;
● Prepare detailed list of work responsibilities of the Federal, provincial and local governments
according to the single and concurrent list of the Constitution of Nepal;
● Collect and review the information, reports, documents, recommendations and suggestions
related to the implementation of constitution and administrative restructuring;
● Prepare a complete list of power to be delegated to Federal, Provincial and Local
governments based on the identification of roles and responsibilities mentioned in the single
and concurrent list of the Constitution;
● Prepare hierarchical profile of the Federal, Provincial and Local Governments based on
existing organization, human resources and financial conditions;
● Prepare draft organizational structure of Federal, Provincial and Local Governments to fulfil
their allocated roles and responsibilities;
● Prepare estimated human resources of all civil services to perform the allocated roles and
responsibilities for Federal, Provincial and Local Governments;
● Decide on surplus and or deficit human resources of each government based on existing
human resources and organizational structures;
● Prepare short term, medium term and long term action plans to meet surplus and deficit
human resources;
● Facilitate, coordinate and assist to the concerned agencies to prepare policy, revise Acts and
Regulations according to the Articles 285 and 302 of the Constitution of Nepal;
● Prepare a draft plan to accommodate existing public corporations in Federal, Provincial and
Local Governments to fulfil allocated roles and responsibilities of these Governments;
● Perform other works for the implementation of Federalism and State Restructuring.
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Progress to date
As of October 2016, the taskforce in water sector has prepared a functional analysis of the
existing organizations in line with the proposed restructuring of the state. The complete list of
power to be delegated to Federal, Provincial and Local governments have also been prepared.
Preparation for administrative restructuring is continuing, and likely to be complete by mid-2017
J.2.4

Sharing of responsibilities before and after new constitution

The sharing of responsibility before and after promulgation of new constitution is given below
Table 21: Responsibilities under new constitution
Existing Structure / Responsibilities
Level

Irrigation Development

Irrigation Management

Central

All projects (development and management) funded by the government (AMIS and FMIS) to be
the responsibility of centre. Small projects are the responsibility of DOLIDAR, while all other
projects are responsibility of DOI. But, both of them are the responsibility of central government

Region

Regional offices (both DOI and DOLIDAR) do not have any authority (other than financial). They
execute projects on behalf of the central government

District

All projects funded by district funds

WUA

VDC

All projects funded by VDC funds

WUA

WUA

FMIS (with their own funds)

●

Lower part of joint managed AMIS

●

All AMISs transferred to WUA

●

All FMISs

Future Structure (After new constitution)
Level

Irrigation Development

Irrigation Management

Federal

(a) All major projects (development) covering more
than one province (b) All projects funded by donors
(like IWRMP, CMIASP etc)

In paper: concurrent responsibilities with
provincial and local level governments
In practice (I guess): responsibility lies
with province

Province

All projects (other than donor funded) within the
provinces (examples are Medium irrigation projects,
all O&M projects, all central level projects funded by
government like Sikta, Mahakali III, Babai, etc.

All AMISs O&M projects

(District
Coordination
Office)

Still vague. I guess it will be similar to present day
DDC operation

WUA

Same as present

Same as present

Village (group
of VDCs?)
WUA

In sum, if the new constitution is implemented as per its spirit, most of the present day role of
the government on irrigation development / management will be shifted to provincial
government. Role of WUA will remain the same. Federal government's role will be limited to
policy, regulation, monitoring, quality control etc (other than donor funded project).
Presently, with regard to re-structuring, some of the professionals are even saying that there
should not be DOI at centre. A small wing under the ministry should suffice.
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