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EXECUTIVE SUMMARY  
OBJECTIVE 

This sector synthesis report reviews the work done in identifying the opportunities for 
mainstreaming climate change risk management into the irrigation department activities. A 
particular focus being on those entry points into the sector planning and implementation cycles 
where tools can be most easily used to promote climate change resilience. 

This includes exercises undertaken in six case study districts applying the vulnerability and 
adaptation methodology to audit some 19 existing irrigation systems based on future modelled 
climate change threats.  

The concept of the preparation of a sector adaptation plan for action (SAPA) is promoted to identify 
a full package of adaptation measures and entry points that should be considered to ensure greater 
climate resilience in the irrigation department activities. 

INTRODUCTION TO THE IRRIGATION SECTOR 

Irrigation systems within the country comprise of traditional farmer irrigation systems developed, 
owned and managed by communities; traditional farmer irrigation systems supported by 
government; government developed surface irrigation systems; government developed tube well 
irrigation schemes and individual farmer owned and operated tubewells and pumps 

The Department of Irrigation is presently constructing new irrigation Projects at Sikta, Ranijamara 
Kulariya, Mahakali III, and Babai. The latter being the first multipurpose inter basin water transfer 
project to be implemented, diverting water from the water surplus Bheri river to the Babai water 
deficit river, thereby providing supplemental water for the extension of the existing Babai Irrigation 
Project. It is also working with marginalized farmers in remote areas through the program of Non-
Conventional Irrigation Technology Project (NITP). The adoption of the alternative irrigation 
technologies in the NITP and by following of IWRM principles in the International donor funded 
projects indicates that DOI is already prepared to embrace adaptive responses to potential climate 
change threats in the future. 

The regulatory framework at present guiding irrigation management and development is supported 
by the Water Resources Act (1992), Water Resources Regulation (1993), Irrigation Regulation (2004 
amended) and the Irrigation Policy (2013). This recently revised policy addresses climate change by 
stating the adaptation and mitigation measures to be undertaken. Adaptation measures include 
trans-basin water transfer from water surplus large river basins to water deficit areas, and the 
strengthening of water user groups to improve irrigation system maintenance. Mitigation measures 
include encouraging rainwater harvesting, building of reservoirs and the protection of catchment 
areas within irrigated areas 

The Department of Irrigation has recently established a social environment and climate change 
section within its surface irrigation division. This section having particular responsibilities to ensure 
climate change effects are addressed in any future irrigation plans, studies and rehabilitation works. 

CASE STUDY DISTRICT BASELINE STUDIES 

In order to generate a greater understanding of how climate change risk management can be 
implemented through development activities, a set of case studies was undertaken in the Banke, 
Chitwan, Mustang, Kathmandu, Dolakha  and Panchthar districts. The irrigation systems analyzed 
included existing farmer managed surface systems, groundwater systems and small non-
conventional irrigation systems. In all 19 systems were studied with each system exhibiting some 
problem associated with the ongoing variability in the present climate, resulting in for example 
reduced water availability, increased intensity of rainfall or increased magnitude of flash flood 
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events. For each system studied the intake structure, main conveyance canal and its associated 
infrastructure and the command area were separately evaluated being the main components of an 
irrigation system. 

CLIMATE THREAT PROFILES 

Climate threat profiles prepared by this study for the irrigation sector relied on localised projections 
of future climate change for the period 2040-2060 compared to baseline data over the period 1980-
2000. Statistical downscaling for several temperature and precipitation stations was used to develop 
these projections. The results of this downscaling were incorporated into a basin-wide hydrological 
model which computed changes in temperature, precipitation, river discharge and runoff within 
each district.  

The principal climate change threat profiles as they affected the irrigation systems were evaluated 
under the following headings:  

Changes and Shifts in Regular Climate:  

 Increase in temperature (For impact on evapotranspiration rates -ETo)  

 Increase/ decrease in precipitation (For effective rainfall based on 80% reliable daily events)  

 Increase in river flows (For 80% reliable river discharges and 1:100 year flood discharges)  

Changes and Shift to Meteorological and Hydrological Events:  

 Flash floods 

 Storms  1: 10 year 10min intense rainfall and 1:50 return period 24hr rainfall events 

 Landslides  

The significances of the above parameters to an irrigation system are: 

 Increases in air temperature affect evapotranspiration rates and crop water requirements 

 80% dependable rainfall is used in calculations to reduce irrigation water requirements 

 80% reliable river discharges indicate the reliability of the water source for irrigation 

 1:100 year flood events are used to provide safe designs for the main canal intake structure 

 1: 50 year 24hr rainfall events are used for designing flood flows in major cross drainage 
works. Also indicates the likelihood of high sediment loads associated with flood events 

 1:10 year 10min rainfall events are used for identifying potential damaging storm events and 
assessing soil erosion and landslide risks from flash floods 

VULNERABILITY ASSESSMENTS 

The vulnerability assessment of the main components of each irrigation system first considered their 
exposure and sensitivity to the climate change threats and opportunities to determine the likely 
resulting impact. By then considering the adaptive capacity of the infrastructure and managing 
agencies to cope with this impact enabled a vulnerability ranking to be recorded. This ranking 
indicated which irrigation system was the most vulnerable to climate change in each one of the case 
study district and the following table summarizes their principal features  

District 
Most 

Vulnerable 
System 

Salient Features Principal Climate Threat Why Vulnerable 

BANKE Chisapani 

Naubasta 

A surface irrigation scheme 
original constructed by 
farmers and rehabilitated 
in 1996. The command 

Average monthly river 
flows are predicted to 
increase from July to 
September resulting in 

The present poor 
condition of the 
diversion weir would 
be further impacted 
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District 
Most 

Vulnerable 
System 

Salient Features Principal Climate Threat Why Vulnerable 

area is 306ha and benefits 
575 households. The crops 
grown are monsoon paddy 
followed by a combination 
of wheat, potatoes, pulses 
and oilseed.  

The diversion weir across 
the Man Khola has partially 
collapsed so that water 
from the khola is now 
unable to enter the main 
canal. Overall the condition 
of the headworks and main 
canal are poor and the 
apathy of the water user 
group to undertake any 
remedial works has 
compounded the 
deterioration of the 
diversion and intake 
structures. 

greater potential for 
sediment to enter the 
intake.  

The 1:100 year flood is 
predicted to increase by up 
to 50% in the July /August 
period. At the same time 
rainfall intensities (1:10 
year10 min rainfall event) 
are predicted to increase in 
the pre-monsoon period 
by 20%.  

The Man Khola catchment 
area is in the Churia 
mountains, which are 
highly erodible, and higher 
runoff rates would cause 
soil erosion bringing down 
high sediment loads with 
the floods. 

upon by the larger 
flood flows unless it is 
rehabilitated or 
redesigned with better 
protection from larger 
boulders or stronger 
gabion baskets in the 
khola bed downstream 
of the core wall.  

Increased sediment 
loads brought down by 
the floods could 
further damage the 
intake to the main 
canal. 

CHITWAN Pithuwa A government-constructed 
farmer managed Irrigation 
system commanding an 
area of 600ha with 600 
households.  

The source river is the Kair 
khola which during the 
monsoon season carries a 
lot of sediment along with 
flash floods resulting in 
aggradation of the river 
bed. Though a perennial 
source, the discharge of 
Kair Khola diminishes 
considerably during the dry 
months.  

At the point of abstraction, 
water is diverted to the 
Pithuwa irrigation system 
through an earthen 
approach feeder canal 
where there is no sediment 
exclusion facility. 

Maximum storm intensities 
were predicted to increase 
from April to August with 
an increase of some 50% in 
July. In the less well 
protected and steeply 
sloping watershed area of 
the Churia Mountains this 
could generate more 
extreme flash floods in the 
rivers bringing down 
correspondingly larger 
volumes of sediment 
including boulders and 
gravels.  

 

 

The diversion structure 
is a temporary 
excavation of bed 
sediments and will 
continue to be 
sensitive to damage 
each flood season. 
Blockage of the intake 
and sediment entering 
through the intake will 
lead to suspension of 
irrigation to the 
command area.  

At present farmers are 
able to manage the 
system intake as the 
WUG is assisted by DOI 
providing mechanical 
support for intake and 
canal maintenance. 

MUSTANG Syang An existing FMIS 
commanding a net 
cultivable area of 42 ha. 
The system was 
rehabilitated 20 years ago 
under the ILO and NISP 
programmes. Crops grown 
in the project area are 
apple, buckwheat, naked 
barley, maize, potato and 
vegetables.  

Increasing number of dry 
days are predicted in 
January and February with 
the average number of dry 
days in June increasing 
from 5.5 to almost 7 days.  

Extreme rainfall intensity 
events(1:10 year10 min 
rainfall event)  are 
projected to increase by 
65% triggering more 

There were 
inadequate protective 
measures at the intake 
site from flash floods 
and to prevent 
landslides along the 
main canal damaging 
and sweeping away 
the canal system, 
resulting in no flows 
reaching the command 
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District 
Most 

Vulnerable 
System 

Salient Features Principal Climate Threat Why Vulnerable 

The source of water for this 
irrigation scheme is Syang 
Khola. It is a snow-fed river 
having sufficient discharge 
throughout the year. The 
catchment area is fragile in 
nature with threats of 
landslide at both the intake 
site and along the main 
canal alignment. 

landslide events.  

Increasing temperatures of 
up to 4

o
C during winter 

months will raise the 
permanent snow line to 
higher elevations in the 
river catchment decreasing 
the dependable river flows 
resulting from snow melt. 
This will impact on 
irrigation water availability 
for summer crops. Larger 
river flows are expected in 
the pre-monsoon period 
due to increased rainfall, 
increasing the river bed 
aggradation problems and 
activating landslides.  

area. 

There was a need for 
more frequent O&M 
works which in turn 
raises costs and is a 
significant burden on 
the water-users. 

KATHMANDU Mahankal A farmer managed system 
commanding an area of 
50ha. The system was 
recently rehabilitated. A 
typical small hill system 
with water extracted from 
a small perennial khola and 
carried across the local 
hillside to a command area 
at a lower elevation. Crops 
grown are monsoon paddy 
followed by a mixture of 
wheat, oilseed, potato and 
vegetables.  

The flow in the dry season 
falls to some 20 lps. The 
main canal intake is at a 
good stable.  

The command area is 
terraced across the hill 
side. This results in it being 
exposed to storm damage 
during the monsoon 
season. 

Current 10min intense 
rainfall events that occur 
once in every  5 years  are 
projected to take place in 
the future once every 2 
years. These intense 
rainfall events will increase 
landslide risks particularly 
where the main canal 
crosses steeply sloping 
land 

Landslides have regularly 
occurred along the main 
canal alignment with it 
being totally destroyed in 
places and having to be 
rebuilt. 

Recent rehabilitation 
works have reinstated 
the canal alignment 
across a previous land 
slide zone. There were 
no drainage or 
bioengineering inputs 
associated with this 
work, making the 
remedial works still 
vulnerable to further 
damage in the future.  

There appeared to be 
little enthusiasm by 
the local water user 
group members to 
undertake any regular 
maintenance works to 
regularly remove 
debris entering the 
canal 

DOLAKHA Rampa An existing FMIS, 
commanding 70ha, 
rehabilitated in 2012. The 
water source is the Kuthali 
Khola with a catchment 
area of 12km

2
 being fragile 

in nature and threats from 
landslides. It is functioning 
well though some design 
aspects and the quality of 
construction of some 
components was poor.  

The siting of the diversion 

Normal river flows are 
predicted to increase by 
25% in the July/august 
period only whilst in the 
winter period they could 
decrease by 20%.  

1: 100 year floods are 
predicted to increase in 
size by 10% which will 
increase bed load entering 
through the intake though 
the existing sediment basin 
and flushing sluice if 

Increased flash floods 
could result in the 
priority of the river 
channels upstream of 
the diversion weir 
changing with flows 
passing down through 
another channel  

With the 1:50 year one 
day rainfall intensity 
predicted to increase 
by 67% by 2050, floods 
in the cross drainage 
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District 
Most 

Vulnerable 
System 

Salient Features Principal Climate Threat Why Vulnerable 

weir and headworks on one 
side of a bifurcation of the 
main khola channel raises 
concerns that  flows may 
bypass the main canal 
intake site during low 
flows. Alternatively flash 
floods may result in future 
flows being diverted to 
pass down the other side of 
the bifurcation.  

The main canal passes 
under several cross 
drainage channels and at 
these super passages the 
configuration is such that it 
will constrict flood flows 
potentially damaging these 
structures. 

properly operated should 
be able to cope with this.  

However flash floods are 
predicted to increase in 
frequency with a 30 
minute storm event that 
now occurs every 50 years 
to happen every 5 years by 
2050.. 

 

 

channels crossing the 
main canal could result 
in the existing super 
passage structures 
being inadequately 
sized to pass these 
predicted flood flows. 
Resulting damages 
could well interrupt 
irrigation water 
reaching the command 
area 

PANCHTHAR Subhang A farmer managed 
irrigation scheme 
commanding a net 
cultivable command area 
of 250ha. It was 
rehabilitated in 1993/94  

The design is a typical hill 
irrigation scheme. The 
main canal intake is a free 
intake The total length of 
the main canal is 6.12 km 
with about half lined by 
stone masonry. 

Some sections of the main 
canal appear inadequate to 
carry the design discharge 
due to sediment 
deposition. In areas where 
major seepage has 
occurred HDPE pipes have 
been used or the canal has 
just been cut into the face 
of the landslip zone. These 
problems result in the 
system being not now 
operational and requiring 
rehab.. 

1:100 year flood events are 
predicted to increase by 
50% and mean flows in the 
monsoon by 33%. 
Sediment problems 
entering the man canal will 
continue to increase unless 
gates are provided at the 
existing free intake site 
and a sediment basin and 
flushing structure provided  

The 1:50 year one day 
rainfall intensity is 
predicted to rise by some 
80% induce further 
landslide events unless 
bioengineering works 
associated with upslope 
drainage works are 
installed in the more 
critical areas along the 
main canal alignment. 

The present design 
and construction of 
the system and its 
components are 
inadequate.  

O & M activities are 
performed by the 
water user group on 
an ad-hoc basis with 
minimal funds. 
Advanced technical 
capabilities are not 
readily available within 
the department of 
irrigation or water user 
group to raise the 
existing system 
capacity to achieve 
more climate resilient 
designs due to 
inadequate budgets. 

ADAPTATION PLANS 

Resulting from the analyses undertaken in each case study district, adaptation plans were prepared 
for each of the most vulnerable ranked irrigation system. These plans considered the various options 
to address the climate change impacts under the principal categories of structural and 
bioengineering works, natural system management and social or end user responses. The adaptation 
responses were prioritized into what investments could be undertaken immediately phased over a 
project lifetime or could be left for future financing as and when damage occurred due to verified 
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climate change. An example of an adaptation plan as prepared for the Chisapani Naubasta Irrigation 
Scheme in Banke district is given below. 

Priority 
Phasing 

Adaptation 
Measure 

Required    
Resources 

Technical    
Feasibility 

Financial  
Viability 

Effectiveness 

Sh
o

rt
 T

e
rm

 

Restore water 
flows into main 
canal intake 

Construct a 
temporary diversion 
across the Man 
Khola using boulders 
and brush wood 

Within the capacity 
of farmers if they can 
coordinate activities 
through a functional 
water users group 

Water user group 
should be able to 
raise the limited 
funds required 

A temporary 
measure only 
requiring 
rebuilding after 
every large 
flood 

Increased O&M 
of main canal and 
water 
distribution  
infrastructure in 
the command 
area 

Human resources 
required only with 
provision of own 
hand equipment 

Limited technical 
knowledge required. 
Requires 
coordination through 
forming  an effective 
water users group 

No additional 
funds required 

Very effective 
in dealing with 
minor problems 
with the 
distribution of 
irrigation water 

Clearance of 
sediment and 
debris blocking 
the intake and 
entering the main 
canal 

Human resources 
required only with 
provision of own 
hand equipment  

No technology 
required but 
requires 
coordination through 
the forming of an 
effective WUG 

No additional 
funds required 

Very effective 
in removing 
sediments 
blocking the 
irrigation canals 

Protection of 
landslide prone 
areas 

Bioengineering 
works on the 
vulnerable areas 
combined with 
drainage works to 
relieve water 
pressure on steep 
slopes 

Technical support 
from IDD, Banke will 
be sufficient. Farmer 
beneficiaries could 
supply the labour  

Funds could be 
provided from 
the annual 
budget of Banke 
Irrigation 
Development 
Division Office 

Effective in 
ensuring the 
main canal 
system 
continues to 
function  in the 
short term 

M
e

d
iu

m
 T

e
rm

 

Undertake study 
& designs for 
repair & 
reconstruction of 
the diversion 
weir across Man 
Khola 

DOI senior staff 
members could 
undertake otherwise 
hire consultants for 
the study and design 
works 

Technical support 
from DOI possible for 
in house completion 
or preparing tenders 
for outsourcing 

Funds required 
from central DOI 
budget 

Effective as 
starting to 
prepare for 
long term 
solution 

Remedial works 
to landslide 
prone areas 

Provision of gabions, 
or masonry 
revetments with 
drainage 
infrastructure on the 
steep slopes. Provide 
cover slabs to 
vulnerable main 
canal lined sections.  
Replace open lined 
canal section with 
HDPE pipes to span 
landslide areas 

Technical support 
from IDD Banke to 
undertake design 
work. Works given to 
contractors  for 
completion 

Funds required 
from central DOI 
budget 

More effective 
in stabilising 
hazardous 
areas and a 
long term 
solution 

Provision of gates 
at the intake and 
within 
conveyance 
system to control 
water deliveries  

Vertical control gates 
with spindle and 
handle at the scour 
sluice and intake 
needs replacing 

Technical support 
from DOI for design 
and gate 
specifications. 
Installation required 
by contractors 

Funds required 
from DOI budget 

Ensures control 
of irrigation 
water entering 
the main canal 
and reduces 
sediment 
entering 
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Priority 
Phasing 

Adaptation 
Measure 

Required    
Resources 

Technical    
Feasibility 

Financial  
Viability 

Effectiveness 

Lo
n

g 
Te

rm
 

Undertake a 
feasibility study 
and then prepare 
designs to 
provide a more 
resilient diversion 
structure across 
the Man Khola. 
Construct the 
new works 

New concrete core 
walls with stronger 
downstream 
protection works to 
prevent downstream 
retrogression and 
improved sediment 
removal devices at 
the intake 

Technical support 
from DOI and 
international 
assistance required 

Funds required 
for technical 
design and 
supervision as 
well as the 
construction 
costs 

Very effective 
in restoring 
regular water 
supplies 
through the 
intake and 
controlling 
sediment entry 
during flood 
flows 

 

REFORMS PROPOSED WITHIN THE IRRIGATION SECTOR 

To complement the adaptation plans additional measures need to be considered for mainstreaming 
climate change resilience. These could be involvement of other agencies or levels of government or 
initiating reforms within the irrigation sector itself. Such measures could be considered as part of an 
overall action plan the irrigation department should be preparing to ensure that all possible 
adaptation and climate resilience measures are incorporated into the irrigation department 
activities. It has been referred to in this study as a sector adaptation plan for action, or “SAPA” 

Entry points to be considered in the SAPA were reviews of irrigation policy and regulations, 
strengthening institutional arrangements, environmental impact assessments, guidelines, design 
manuals and standards and modifications to the vulnerability assessment tools to make them 
specific to the irrigation sector. 

Revisions to the Policy Planning and Legal Framework 

Updating of some of the strategic legislation, policies and plans is required to better mainstream 
climate change adaptation and enhance resilience. A review of these is given in the following table.  

IRRIGATION POLICIES AND PLANS STATUS 

NATIONAL WATER PLAN (2005) 

Needs updating and revising to take into account the lack of progress 
to date with implementing the recommendations. Addressing climate 
change impacts is implicit in many of the activities proposed 
 

INTEGRATED WATER RESOURCES 
MANAGEMENT POLICY (2010) 

This policy still needs to be adopted to operationalize the National 
Water Plan as stated in the National Water Resources Strategy. 
Confirmation is required that for on-going river basin management 
studies and plans the projections on supply and demand of available 
water resources take account of future climate change impacts 

IRRGATION POLICY (2013) 

This recently updated policy now takes account of the targeted 
objectives set out in the National Water Resources Strategy and 
National Water Plan and includes a clause to implement climate risk 
management and consideration of adaptation and mitigation 
measures to address the effects of climate change 

IRRIGATION MASTER PLAN (1990) 

Now out of date in terms of promoting long term irrigation 
strategies, shorter term investment programmes and methodology 
for planning and establishing a sound database of irrigation systems. 
No mention of addressing climate change impacts. This plan is to be 
now updated as a component of the Water Resources Project 
Preparatory Facility  
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Strengthening Institutional Arrangements 

The Environment Section within the Surface Irrigation Division of DOI was recently renamed the 
Social Environment and Climate Change Section. It is headed by an SDE supported by one Engineer, 
and one Sociologist 

To strengthen the impact of this section the following recommendations are made:  

 In order to properly undertake climate change screening procedures it will need to focus on 
regularly reviewing draft irrigation development plans and feasibility studies. In connection 
with this it is important to ensure that individual projects IEEs and EIAs are properly 
undertaken and take into account any potential climate change impacts that might affect an 
irrigation project. Monitoring of projects where adaptation measures have been proposed to 
provide resilience against climate change will also be required. 

 The section should instigate the review of the PDSP irrigation design guidelines and 
standards to ensure that they have been adapted to address climate change impacts. To 
assist in this there is a need to develop and maintain a good relationship with DHM to obtain 
regular climate threat profiles from the downscaling climate change model. 

 A further function of this section should be to organize the capacity building of DOI staff to 
develop a clear understanding of the objectives of the vulnerability assessment and adaptive 
planning methodology to take account of climate change. For this there needs to be a close 
liaison established with the training and human resources section. 

Whilst there is a groundwater division in the Department of Irrigation it has little impact on 
groundwater development in the Terai as all projects are undertaken and monitored by the Ground 
Water Resources Development Board. This raises the issue that there needs to be a separate 
initiative through the groundwater irrigation division to integrate GWRDB into the climate change 
mainstreaming process.  

Revisions to Environmental Assessments 

There is no statutory requirement in the The Environment Protection Act and Environment 
Protection Rules to require that all EIAs or IEEs should include a section on potential climate change 
impacts upon an irrigation project. Also it does not set out the need to demonstrate how the project 
has been designed to be climate resilient through appropriate adaptation or protection measures. A 
suitable amendment to this act and rules is therefore recommended. 

At the time of writing the Water Resources Project Preparatory Facility is preparing an 
environmental safeguard guideline to assess and mitigate the potential environmental impacts that 
might be caused by development work on irrigation projects. This guideline is intended for planners 
and decision makers to help identify preventive measures to mitigate potential adverse impacts 
associated with irrigation works. Measures might include improved upstream drainage and 
bioengineering works where canals pass across steep slopes, more effective sediment exclusion 
devices at main canal intakes and better water control structures to reduce conveyance losses. 
 
However at present this guideline does not account for the potential impacts of climate change and 
how climate change may affect the implementation of irrigation development projects. It is 
therefore recommended before submitting these guidelines for endorsement by the Ministry of 
Irrigation appropriate amendments should be made 
 
Revisions to Guidelines, Manuals and Standards 
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The Planning and Design Strengthening Project in 1990 produced a comprehensive set of manuals, 
guidelines and documents presenting the criteria and standards for the design of irrigation systems. 
These were supported by field design manuals for assisting engineers in the Regional and District 
offices to carry out studies and designs for small and simpler medium sized schemes in both the hills 
and terai areas. 

A review of the relevant manuals was undertaken to investigate where the impacts from climate 
change risk management could be incorporated to update the present guidelines. The following 
table summarizes the key points that need to be considered for effective revision of these Irrigation 
guidelines relating to specific assets and the need to provide maintenance during their lifetime. 

 

Climate 
Change 
Threat 

IRRIGATION 

Change in 
Environmental 

Condition 
Design Implications Required design changes 

Temperature 
change 

Rising maximum 
temperatures in 
summer; and higher 
minimum 
temperatures in 
winter;  temperatures 
rising with a narrowing 
of the temperature 
range over the year;  

Need to check 
evapotranspiration (ETo) 
calculations to take account 
of temperature changes. 
Original use of old 
CROPWAT programme and 
reference to FAO Paper24 
now outdated 
(Refer to Manuals M3and 
D2) 

New knowledge has enlightened 
processes underlying the 
relationship between crop yield 
and water use and the needs to 
conserve water in agriculture, 
resulting from climate change 
impacts.  
 
FAO’s latest Paper 66 (2012)has 
updated the approach to 
quantify crop yields in response 
to water use and water deficit 
and is supported  by a crop 
simulation model named 
AquaCrop, for optimize the 
cropping system in terms of crop 
and cultivar choice, planting 
time, and irrigation schedule for 
a given soil-climate combination 
where water is limiting.  
 
This is complimented by a new 
downloadable programme  from 
FAO called The ETo Calculator 
(Version 3.2, 2012) 

Changing 
precipitation 
levels 

One day rainfall 
increasing during the 
year and reducing 
irrigation water 
requirement.  
However  reducing 
during winter so 
increasing irrigation 
water requirement  
 
Intensity of rain during 
storms increasing soil 
erosion, 

80% daily dependable 
rainfall used in irrigation 
water requirement 
scheduling will need 
revising.  
 
 
 
 
 
Revision required to 3day 
rainfall event or 1:10 year 
return period event as used 

The revised 80% dependable 
daily rainfall figures will need to 
be incorporated with new ETo 
values in the calculation of 
irrigation water requirements. 
 
 
 
 
 
For estimating flood flows at 
cross drainage structures the 
1:50 year return period flood 
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Climate 
Change 
Threat 

IRRIGATION 

Change in 
Environmental 

Condition 
Design Implications Required design changes 

sedimentation in 
rivers, landslide risks 
and internal drainage 
congestion 

in local drainage flow 
estimates for internal 
drainage designs in the terai 
and the 1 day rainfall events 
for drain designs in the hills. 
(Refer to Manuals M3, M7 
and D2) 

event will increase. The new 
values will need incorporating in 
the regression technique for 
catchments >100km

2
 and soil 

conservation chart method for 
catchments < 100km

2 
 

Change in 
river flow 
values 

Mean monthly flow 
values will increase 
particularly in the pre-
monsoon period and 
peak values will 
increase during the 
monsoon. 
 
Design period flood 
events will rise result 
in rising water levels 
and flooding and 
increases in sediment 
carried in the rivers  

80% dependable river flows 
will increase making 
interpolation of results 
from the existing 
dimensionless hydrographs 
for the seven regions using 
the MIP method obsolete. 
 
Increases in flood flow 
events and associated 
sediment carried in the 
river will necessitate better 
gate controls at the intake 
and a review of sediment 
exclusion devices provided 
(Refer to ManualsM3, M7, 
M11 and D2) 

The revised 80% dependable 
river flows should be able to be 
estimated from the outputs of 
the downscaling climate change 
model. These will need to be 
incorporated into a new 
irrigation water balance and 
scheduling regime. 
 
1:100 year flood events are 
predicted now to occur over a 
much shorter return period. 
Evaluation will be required as to 
whether a structure will need 
modification or alternative 
emergency paths provided for 
passing the extreme floods  

Landslides Higher intensity 
rainfall events  
coupled with poor 
drainage facilities will 
result in greater 
landslide risk 

The increases in the 1:100 
year 10min rainfall intensity 
values will result in higher 
runoff figures and greater 
risk of landslides in hilly 
areas, particularly along the 
main canal and terraces in 
the command area 
Refer to Manuals M3, M7, 
M8, M11 and M13) 

In landslide prone areas provide 
drainage facilities down the 
slopes with a catch drain 
constructed across the top of 
the slope. The slopes to be 
protected with brush wattles 
and vegetation. 
 
Minimise cutting into steep 
slopes when constructing 
irrigation infrastructure and 
placing open hard rectangular 
sections.  
 
Look at the alternative of using 
flexible HDPE pipework   

 
Modified Vulnerability Assessment Tools for the Irrigation Sector 

The vulnerability assessment process presented in the general guidelines document requires 
application of general judgments to rate the exposure, sensitivity and adaptive capacity of a 
particular asset to climate change threats. When auditing existing irrigation systems and to help in 
making judgments more objective when applied to the irrigation sector separate specific tables are 
being proposed to assist in the parameter scorings used to derive the overall vulnerability status. 
These are prepared separately for each of the three main components of an irrigation system, 
namely the intake structure, the main canal conveyance structure and the command area. This will 
ensure that there is a degree of uniformity and transparency in the process. 
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By combining the cumulative impact and adaptive capacity scores derived from the tables the 
vulnerability of a particular component can be assessed. The development of these tables is still on-
going with the help and experience of DOI staff. 
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ACRONYMS 

 

ADB Asian Development Bank 

AP Adaptation Planning 

CC Climate Change 

cm 
CCA 

Centimeter 
Climate Change Adaptation 

0C Centigrade 

DDC District Development Committee 

DWIDP 
EIA 
FEWS 
GLOF 
GON 

Department of Water Induced Disaster Prevention 
Environmental Impact Assessment 
Flood Early Warning System 
Glacial Lake Outburst Flood 
Government of Nepal 

km Kilometer 

LDOF 
m 

Landslide Dam Outburst Flood 
Meter 

M&E Monitoring & Evaluation 

MoSTE Ministry of Science, Technology and Environment 

NAPA 
NGO 
NPR 

National Adaptation Programme of Action to Climate 
Change 
Non Government Organisation 
Nepali Rupees 

O&M Operation & Maintenance 

PEP 
RCC 

Peoples Embankment Program 
Reinforced Cement Concrete  

TA Technical Assistance 

VA Vulnerability assessment 

VDC Village District Committee 

WID Water Induced Disaster 

% Percentage 
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1  INTRODUCTION  
 
This synthesis report was prepared as part of the TA – 7984 NEP: Mainstreaming Climate Change 
Risk Management in Development Project supported by ADB with funding from the Climate 
Investment Fund (CIF), and implemented by the Ministry of Science, Technology and Environment 
(MOSTE) in partnership with ICEM – International Centre for Environmental Management.   
 
The project involves line departments working together with MOSTE in eight districts to develop and 
test a vulnerability assessment and adaptation planning approach tailored for their needs.  The aim 
is to distil the lessons of the district experience into reforms at national level for planning and 
managing more resilient infrastructure.  The national agencies are those concerned with 
infrastructure development throughout Nepal such as irrigation, roads and bridges, water induced 
disasters, urban planning and water supply and sanitation systems (Figure 1.1). 
 
 

 
Figure 1.1: TA – 7984 NEP infrastructure sector department partners 
 
A core group of technical staff from each of the departments participated in working sessions and 
missions to the eight districts of Kathmandu, Dolakha, Achham, Banke, Myagdi, Chitwan, Panchthar 
and Mustang (Figure 1.2) where vulnerability assessments and adaptation planning exercises were 
conducted for existing strategic infrastructure assets.  The target districts were identified by core 
group members to reflect the diverse ecological zones of the country and varying environmental and 
social conditions in which infrastructure is built.  The district assessments were supported by climate 
change threat analysis and hydrological modelling at each case study location. 
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The core group comprised of some 30 members from 9 government agencies with each agency 
having a wider range of staff involved in the process of setting and implementing reform priorities 
with support from the project team (Figure 1.3).  Sector focal points on the core group have a key 
role in promoting the climate change mainstreaming in their departments so that the design and 
management of existing and planned infrastructure progressively adjusts to become more resilient 
to the most significant projected changes and their associated potential impacts.  
 
 

  
 
Figure 1.2: Target districts for developing an approach to infrastructure vulnerability assessment 
and adaptation planning 
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Figure 1.3: Infrastructure sector department climate change core group 
 
Through the project, a “climate change risk management system” (CCRS) has been developed based 
on the district and international experience.  The CCRS includes tools to facilitate climate change 
vulnerability assessment and adaptation planning and a dedicated process for the development of 
sector adaptation plans for action (SAPAs) that complement Nepal’s existing climate change 
planning framework consisting of the National Adaptation Plan for Action (NAPA) and Local 
Adaptation Plans for Action (LAPAs). 

The district case studies inform a sector vulnerability assessment and adaptation planning process 
that demonstrates the elements of a future SAPA process including the shape of SAPA reports (in the 
form of sector synthesis reports). The end result of this process is a sector oriented review of climate 
change vulnerability of key assets and a sector adaptation plan identifying the policy, procedures 
and structural reform priorities for building resilience in the sector and its infrastructure. The sector 
synthesis reports are being used as the basis for a sector specific training of government staff at the 
national and district levels on how to give effect to the reforms identified using the SAPA process 
and to apply the vulnerability assessment and adaptation planning tools developed by the core 
group and project team. 

This Irrigation Sector Synthesis Report was prepared with Department of Irrigation and involved a 
program of consultations in the districts and with the sector core group members and departmental 
officials.  That process culminated in a national workshop at which government Irrigation sector 
experts presented and discussed the synthesis conclusions and reform priorities.  The government 
staff closely involved in the Irrigation sector consultations and in the preparation and commentary 
on this report and the various linked Irrigation sector district reports, climate change threat 
assessments and institutional analyses are listed in Annex V.  
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2  REPORT OBJECTIVES  
2.1 BACKGROUND 

ADB’s Strategy 2020 recognizes sustainable food security in Asia is a crucial element in freeing 
countries such as Nepal from poverty. However it is recognized that climate change could be 
considered as one of the key binding constraints to achieving this objective1. The focus of the 
present project is to integrate climate change risks into Nepal’s implementation of development 
projects.  

2.2 REPORT CONTENT 

This irrigation sector synthesis report reviews the work done in identifying the opportunities for 
mainstreaming climate change risk management and associated adaptation measures required into 
the planning and implementation activities of the irrigation department. It draws upon an 
international experience review of climate change impacts on irrigation projects and description of 
example adaptation responses2. This includes future trends affecting irrigation schemes worldwide 
and technological advancements to ensure resilience to climate change and outlining the key lessons 
to be learnt for appropriate adaptation responses to be applied in Nepal. 

This report initially outlines the importance of irrigation to the agriculture sector in Nepal, the issues 
affecting irrigation systems in the country and the institutional setup. To contextualize the process of 
how climate change risk management can be implemented through development activities, a set of 
case studies was undertaken. The report describes the various components of an irrigation system 
that were considered during the case study work. At least three irrigation systems were analyzed in 
each of the following districts: Banke and Chitwan to represent systems within the terai, Panchthar 
and Kathmandu to represent systems within the middle hills and Dolakha and Mustang to represent 
systems within the mountain regions.  

To integrate climate change into conventional infrastructure planning and implementation within 
the irrigation sector a flexible process with supporting tools was followed3. The method provided a 
disciplined framework for systematically ordering and ranking the many climate change factors, their 
impacts and adaptation responses. It covered three main phases– vulnerability assessment, 
adaptation planning and then proposals for adaptation implementation. This report describes the 
outcomes from applying this methodology to the case study irrigation systems and the range of 
adaptation measures proposed both structural and non-structural. 

Finally to complement the adaptation measures for mainstreaming climate change resilience a 
sector adaptation plan for action, or SAPA, was proposed. This set out the actions the irrigation 
department should be undertaking to ensure that all possible adaptation and climate resilience 
measures were integrated into the department activities 

  

                                                           
1 ADB: Operational Plan for Sustainable Food Security in Asia and the Pacific, Manila, 2010 
2 ICEM TA7984: International Experience Review of Climate Change Impacts on Irrigation and Adaptation 

Responses. Prepared for the Asian Development Bank, Kathmandu, Nepal, as part of the Pilot Program for 
Climate Resilience - PPCR3, Mainstreaming Climate Change in Development. 2013 
3 ICEM TA7984: Climate Change Vulnerability Assessment and Adaptation Methodology for Infrastructure 

within Nepal. Prepared for the Asian Development Bank, Kathmandu, Nepal, as part of the Pilot Program for 
Climate Resilience - PPCR3, Mainstreaming Climate Change in Development. 2014 
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3  INTRODUCTION TO THE IRRIGATION SECTOR 
3.1 INTRODUCTION 

Irrigation in its widest sense involves any process other than natural precipitation that supplies 
water for any commercial or subsistence level crop growth, be it grain, grass, vegetables, orchards, 
trees etc., including livestock watering and fish farming. Therefore irrigation, through supplying the 
water needs of plants as well as livestock, can be considered as an important component of any 
agricultural operation, and the vulnerabilities to climate change as they affect irrigation will 
correspondingly directly impact on the agricultural production outputs. 

Godfray et.al.4 mentioned that continuing population and consumption growth will mean that the 
global demand for food will increase for at least another 40 years. Growing competition for land, 
water and energy, in addition to the overexploitation of fisheries, will affect the ability to produce 
food, as will the urgent requirement to reduce the impact of the food system on the environment. 
The effects of climate change that could hamper global food production poses a further threat to 
humanity. But the world can produce more food and can ensure that it is used more efficiently and 
equitably.  

A multifaceted and linked global strategy is needed to ensure sustainable and equitable food 
security. The global population will continue to grow, yet it is likely to plateau at some 9.6 billion 
people by roughly the middle of this century.5 The food producers are experiencing greater 
competition for land, water, and energy and there is a need to curb the many negative effects of 
food production on the environment.  

Overarching all of these issues is the threat of the effects of substantial climate change and concerns 
about how mitigation and adaptation measures may affect the food system. Predictions from global 
climate models are gradually converging indicating that weather patterns will become more variable 
and will include more extreme events6. The assured supply of water will decline and the need for 
additional storage, above or below ground, will need to be increased to compensate. Rainfall 
distribution and volumes will change, and investment in groundwater and surface storage will be 
required in response. 

Whilst the availability of water is very important there are in addition other climatic factors that can 
impact on the vulnerability of agricultural production. These can be divided into those that will have 
an adverse effect and those that could be considered as beneficial. Considering the threats, an 
increase in temperature will raise the evapotranspiration rate from a plant thereby increasing its 
irrigation water requirement. Also the impact of higher temperatures, in particular at night, will 
induce heat stress in rice plants which could lead to plant sterility.7Decreases in the amount of 
precipitation will put stress on the plant whilst it will also reduce runoff flows in the river water 
sources and hence water available for irrigation, whilst prolonged reduction in precipitation will 
induce droughts and possible total crop failure.  

On the other hand uncontrolled flooding, or flash floods, can cause damage to agricultural lands and 
irrigation infrastructure. If acid rain occurs this would also severely stunt plant growth. On the 
positive side increases in precipitation, as long as it is not too intense, will be beneficial to plant 
growth and improve water availability in river water courses.  

                                                           
4 H.C.J.Godfray and others: Food Security and the Challenge of Feeding 9million People, Science Publication, 

2010 
5
 UN Department of Social and Economic Affairs: World Population Prospects, The 2012 Revision, June 2013 

6 CDKN: The IPCC’s Fifth Assessment Report, What’s in it for South Asia? 2014 
7
 F Shah and others: Imapct of High Temperature Stress on Rice Plants and its Traits Related to 

Tolerance,Journal of Agricultural Science, February 2011 
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The growth performance of the Nepalese economy is determined by the performance of the growth 
in the agricultural sector8 as it contributes 33.0 percent to GDP, employs about 70.0 percent of the 
population and generates 60 percent of total export earnings. It also supplies raw materials and 
inputs to various agro-based industries of the country.  

Some of the key challenges that impact upon irrigation development in Nepal are; old infrastructure 
and poor performances of the existing irrigation systems; poor system efficiency and under–
utilization of canal water; weak participation of Water Users Associations (WUAs), weak institutional 
capacity; weak linkages between agriculture and irrigation; continuation of subsistence agriculture 
practices in command area, etc.9 Additionally, due to location and riparian issues in Nepal, and the 
equal right for downstream users to receive adequate water supplies, including India, it has not been 
possible to fully develop some of the major river systems for irrigation, which discharge substantial 
amounts of water even during the dry season. Most of the irrigation systems are thus fed by 
medium or small rivers, which outside the monsoon period can suffer from small or non-existent 
flows. Moreover, water use efficiency and agricultural productivity remain low in both the traditional 
farmer-managed schemes and the large public irrigation systems.  

3.2 IRRIGATION SYSTEMS 

There are different types of irrigation systems in the country. On the basis of development, there are 
traditional farmer irrigation systems developed, owned and managed by communities; traditional 
farmer irrigation systems supported by government; government developed surface irrigation 
systems; government developed tube well irrigation schemes and individual farmer owned and 
operated tubewells and pumps (mostly utilizing shallow aquifers, streams, ponds, and dug wells). On 
the basis of their management, there are Farmers (user) Managed Irrigation System (FMIS) such as 
the traditional irrigation system, Agency Managed Irrigation Systems (AMIS) such as those operated 
by the Government through the Department of Irrigation (DOI) after its establishment in 1952, 
Jointly Managed Irrigation Systems (JMIS) run by Government and Users through mutual 
cooperation and understanding on shared O&M activities, and finally, Private Irrigation Systems (PIS) 
which are mostly operated and maintained by landlords and big farmers. 

DoI is presently constructing new irrigation Projects at Sikta, Ranijamara Kulariya, Mahakali III, and 
Babai. The latter being the first multipurpose inter basin water transfer project to be implemented, 
diverting water from the water surplus Bheri river to the Babai water deficit river, thereby providing 
supplemental water for the extension of the existing Babai Irrigation Project.  

The World Bank is supporting the Irrigation and Water Resources Management Project (IWRMP)10 in 
the three Western regions whilst ADB is supporting the Community Managed Irrigated Agriculture 
Sector Project (CMIASP)11 in the Central and Eastern Region of Nepal. Both donor funded projects 
focus principally on the rehabilitation of small to medium Farmer Managed Irrigation Systems in the 
hills.  

3.3 DOI IS ALSO WORKING WITH MARGINALIZED FARMERS IN REMOTE AREAS 
THROUGH THE PROGRAM OF NON-CONVENTIONAL IRRIGATION TECHNOLOGY 
PROJECT (NITP). THE ADOPTION OF THE ALTERNATIVE IRRIGATION 
TECHNOLOGIES IN THE NITP AND BY FOLLOWING OF IWRM PRINCIPLES IN THE 
INTERNATIONAL DONOR FUNDED PROJECTS INDICATES THAT DOI IS ALREADY 
PREPARED TO EMBRACE ADAPTIVE RESPONSES TO POTENTIAL CLIMATE 
CHANGE THREATS IN THE FUTURE. INSTITUTIONAL ISSUES 

                                                           
8 World Bank: Nepal Economic Update, April 2014 
9
 IWMI: Climate Change Impacts and Adaptation in Nepal, Working Paper 139, 2012  

10
 World Bank: Project No099296, Irrigation and Water Resource Management Project, 2007 

11 ADB Project No33209-013: Community Managed Irrigated Agriculture Sector Project, 2004 
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The regulatory framework at present guiding irrigation management and development is supported 
by the Water Resources Act (1992), Water Resources Regulation (1993), Irrigation Regulation (2004 
amended) and the Irrigation Policy (2013). The Water Resources Act and Regulations form the basic 
legislation for regulating the exploitation, utilization and management of water resources in the 
country. It clarifies that no licence is required for the irrigation of one’s own land on an individual or 
collective basis but persons willing to make use of water resources for collective benefits on an 
institutional basis are to form a Water User Association. However it does not address groundwater 
conservation and its uses and a more comprehensive Water Resources Act including this is awaiting 
promulgation. 

The Irrigation Policy in particular provides mechanisms for maintaining coordination between 
agriculture and irrigation for a wide range of systems including conjunctive use of groundwater, use 
of pond, sprinkler, drip and paddle pump systems. It also addresses climate change by stating the 
adaptation and mitigation measures to be undertaken. These adaptation measures include trans-
basin water transfer from water surplus large river basins to water deficit areas, and the 
strengthening of water user groups to improve irrigation system maintenance. Mitigation measures 
that could be undertaken by the water users include development  of rainwater harvesting 
techniques, building of small reservoirs and the protection of catchment areas within irrigated areas 

The Department of Irrigation is presently undergoing a reorganisation of its structure with the 
establishment of a fifth division for training, research and development. A social environment and 
climate change section has already been established within the surface irrigation division. This 
section to have particular responsibilities to ensure climate change effects are addressed in any 
future irrigation plans, studies and rehabilitation works. 

The thrust of all the above institutional arrangements is sustainable management of irrigation 
systems through the adoption of participatory irrigation management (PIM) models involving the 
establishment of self-sustaining Water User Associations. Unfortunately this sustainable 
management of irrigation systems, comprising physical, agriculture and social infrastructure, is often 
dysfunctional, as there are frequent gaps between concept and policy, policy and programmes and 
programmes and their implementation. 

This is particularly prevalent in those traditional irrigation systems that have been provided 
assistance through government aid for rehabilitation or modernisation of their infrastructure or 
where completely new irrigation systems have been built. Efforts are made at the time to form 
effective water user associations to take on the necessary future operation and maintenance of the 
new works through collection of irrigation service fees. However having already received assistance 
from the government there develops a dependency that the water user associations will continue to 
receive future help and this is compounded by the fact that adequate O and M fees are rarely 
collected to deal with any deferred maintenance issues. The Department of Irrigation also tends to 
focuses on the engineering aspects of these irrigation systems, particular building new infrastructure 
rather than O and M of existing components, and is weak in deploying adequate extension staff to 
develop the capacity of the water user associations to manage the systems. Therefore irrespective of 
the possible effects of climate change, if under the present legal arrangements limited capacity 
development of self-supporting Water User Associations continues to be practised, then the 
effective operation and management of existing government assisted irrigation systems will not be 
achieved. 

This scenario has to be compared with the experiences enjoyed by many of the traditional old 
irrigation hill irrigation systems throughout Nepal where no interventions have been made by 
government.  Many are still functioning well, being operated and maintained as they have been for 
decades by strong indigenous water user associations, 
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3.4 ADAPTATION RESPONSES TO EXISTING IRRIGATION INFRASTRUCTURE 

Nepal has received support from international donors towards the development of several large 
public irrigation systems in the terai, which include the Sunsari Morang, Bagmati, Mahakali irrigation 
projects and Bhairahawa Lumbini groundwater project. Investments in irrigation infrastructure for 
these projects were required to cater for diversion of water from the large perennial rivers entering 
the terai from the hills and at the same time to mitigate against damage from sedimentation and 
flood flows. These projects should have enabled Nepal to make better use of its abundant water 
resources by providing, particularly outside the monsoon season, secure irrigation to some 43% of 
its total cultivable land located within the terai areas12. However Government’s lack of investment in 
operation and maintenance, farmer’s apathy in forming water user associations and paying the 
irrigation service fees, and weak agricultural extension services have resulted in the returns from 
irrigated agriculture within these projects being less than intended. 

Whilst these issues have to be addressed first through better government policy initiatives, 
improved institutional frameworks and technical assistance, the threats from climate change also 
need to be borne in mind. Adaptation measures to be considered for mainstreaming climate change 
in these terai irrigation systems include: 

 more sustainable agricultural techniques that are less water intensive,  

 more innovate ways to operate maintain and rehabilitate the water distribution 
infrastructure, 

 more reliable and locally accessible seasonal weather forecasting systems translated into 
specific seasonal advice on crop selection and water management   

 development of upstream multi-use storage systems for water,  

 use of inter-basin transfer options,  

 conjunctive use of surface and groundwater sources, 

 devolving responsibilities to the farmers for system O&M through encouraging participatory 
irrigation management 

Regarding the more traditional irrigation systems in the middle hills and mountain areas their 
infrastructure and system operations already take account of the extreme topography in these 
areas, but they are still not immune from the effects of large floods, landslides or drought.  However 
because of the stronger institutional set up within the majority of these systems there is a potential 
for greater resilience to coping with these problems. On the other hand the threats from climate 
change in these hilly and mountainous areas could be considered to be more acute due to the 
potential for greater temperature increases, adjustment to monsoon timing and rainfall intensities, 
and changing river flow patterns. Some additional adaptation measures to be promoted to take on 
board these threats include: 

 expansion of rainwater harvesting and soil and water conservation techniques, 

 adjustment of crop planting dates and promoting greater cropping intensities,  

 crop diversification into vegetable cash crops, particularly where access roads to markets 
within the hills have been opened up, 

 better land management to reduce soil erosion risks, 

 more efficient use of water through small scale storage systems and drip irrigation, 

 the continued development of other non-conventional irrigation technologies 

3.5 TECHNOLOGY ADVANCEMENTS TO ENSURE RESILIENCE TO CLIMATE CHANGE 

                                                           
12 World Bank: Priorities for Agriculture and Rural Development, Nepal,2009 
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To examine how irrigation systems can best cope with the threats from climate change in the future 
it is useful to understand what technological improvements can be undertaken, at what level, and 
the affect they will have on the irrigation systems. International reviews indicate that better 
technologies do not necessarily mean new, expensive, or sophisticated options, but ones that are 
appropriate to the agricultural needs and demands, the managerial capacity of system managers and 
farmers, and the financial and economic capacity needed to ensure proper operation and 
maintenance13. This implies that there should be better design and integration of technologies, 
management, and institutional arrangements. 

Technological innovation will therefore continue to be developed at broadly three levels: 
 

 At the national and regional levels with the availability of better seasonal weather 
forecasting information, extreme climate warning facilities and research into improved plant 
varieties and cropping regimes 

 At the irrigation system level involving mechanisms for water level, flow control, and storage 
management within both large and medium scale surface irrigation systems 

 At the on farm level where improved practices in the storage, reuse, manual and mechanical 
water lifting, and the adoption of precision application technologies such as overhead 
sprinkler and localized irrigation will be taken up.  

Many of these technologies however already exist, particularly the hardware. Where the change will 
be most pronounced is in the soft technology side of development such as electronics, 
communication systems, computers, and instrumentation. This is helped by these technologies 
becoming cheaper, more reliable, more accessible, and more available throughout the developing 
world. Automation for monitoring and control (including supervisory control and data acquisition in 
formal canal systems) and measurement (of groundwater levels, canal discharges, and even on-farm 
and water-course deliveries) will become more widespread. Over time this technology will be 
adopted in smaller informal systems and in groundwater irrigation, as well as more quickly by more 
commercially oriented growers at all scales. 
 

International experience has shown that satisfying real-time demand more quickly and improving 
flexibility in formal canal systems has been achieved largely by further expansion of conjunctive use 
of groundwater and assisted by better canal management, through intermediate service options 
such as “arranged demand.”14 However some irrigation systems may continue with simple 
infrastructure and management systems, where they are well understood and appropriate to 
cropping patterns and user needs. Where water remains abundant the incentives may well be 
confined to continuing with minimal technology development.  
 

Considering investment in the irrigation sector in a broad sense, covering capital, institutional, and 
operational investments there are four principal reasons why there should be continued investment 
in irrigation over the next three to five decades.15  These investments are considered to be beneficial 
to irrigation systems even if climate threats do not materialise as anticipated, and can be considered 
as the “low regret actions”16 
 

(i) There is a need to preserve and modernize the present stock of irrigation infrastructure. 
Different elements have different lifetimes. Reservoirs may last hundreds of years with 

                                                           
13 IWMI: Water for Food Water for Life, 2007 
14 ICID Seminar: Global Irrigation Futures and Implications for Water and Food Security, 2012 
15 IWMI: Reinventing Irrigation, 2007 
16 World Bank: Economics of Adaptation to Climate Change, Synthesis Report, 2010 
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proper maintenance and attention to safety (unless rapid siltation reduces their lifespan), 
while borehole pumps and other irrigation control equipment may last only a decade. 

(ii) Irrigation can be a path out of poverty for the rural poor. Where pockets of rural poverty 
exist within an irrigated agricultural context, intensification and shifts to higher value crops 
will create new employment opportunities, as will value-added post-harvest processing and 
water-dependent off-farm rural employment in handicrafts, livestock raising, and small scale 
industries. Where rural poverty is widespread, other employment options are absent, and 
climate variability affects production, improvements to soil moisture control, along with 
complementary investments in rural infrastructure (such as roads and stronger local 
institutions), can provide new farming opportunities 

(iii) There is a need to adapt to changing food preferences and changing social priorities. Most of 
the increased production of staple crops in the coming decades will come from 
intensification in existing irrigated areas, with higher yields per unit of water and land and 
higher cropping intensities. This implies investment in modernizing equipment and in 
improved water control. However irrigated basic food grain production will always remain a 
priority. Rising incomes and growing urbanization in many developing countries are shifting 
demand from staple crops to fruits, vegetables, and “luxury” goods such as flowers. These 
shifts are typically associated with investment in supply reliability and precision water 
application, but—more importantly for farmers—they also raise yields and improve product 
quality. Other shifts, such as increased meat and milk demand, also require increased grain 
production. Increased global trade also opens developed country markets to these 
commodities.  

(iv) Rapidly expanding urban populations and industrialization will increase the demand for both 
surface water and groundwater. Changing social values that emphasize natural ecosystem 
protection will increase water allocations to the environment. In many cases these 
competing uses will take water directly away from agriculture, requiring compensating 
investment in new supplies or increased water productivity. Reusing urban and industrial 
wastewater in agriculture will require new investment in water treatment and conveyance. 

 

4  CATEGORIES OF SECTOR INFRASTRUCTUR E 
AND COMPONENTS  

This section outlines the various components of an irrigation system that were considered during the 
case study work. They are the most important components in ensuring successful delivery of 
irrigation water from the source to the command area where the crops are growing. 

4.1 INTAKE STRUCTURE 

An irrigation intake structure is necessary to divert water from the water source into a conveyance 
system to deliver the water to the command area. This structure can take several different forms 
depending on its location and size of the area to be irrigated:  

 Simple Free Intake 
Often found in the hill districts being nothing more than a cleft in a rock outcrop or a gap 
between boulders allowing water to enter the main canal. There is no control on volume of 
water entering or facility for dealing with flood flows. 

 Fixed Orifice 
This is a more permanent intake with a masonry head wall at the side of the water course 
restricting the entry of flood flows but allowing the required volume of irrigation water to 
enter the main canal.  

 Gated Side Intake 
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An improvement of the fixed orifice with gates to control the volume of flow entering the 
main canal but requires regular manual operation. The structure is usually in line with the 
river bank.  

 Intake with Fixed Weir 
A low dam built across the river forms the fixed weir and allows control of river levels 
particularly during low flow seasons. The intake head wall with or without a gated orifice 
may be parallel or at right angles to the river flow. A scouring sluice may be incorporated 
into the fixed weir in front of the intake structure. 

 Barrage 
Mostly found in the terai districts a gated structure across the full width of the river source. 
Allows full control of river flows but requires continual manual attendance and operation. 

 Sediment Exclusion Facilities 
In hill districts gravel traps downstream of the intake collect the river bed load entering the 
main canal. The material needs to be cleared by hand or if sufficient head available by 
hydraulic flushing. To remove fine sediment entering the main canal a settling basin is 
required. It is of particular importance in terai systems.  

4.2 MAIN CANAL 

The main canal carries the irrigation water from the intake to the command area. In the hills it can 
pass across steep slopes prone to landslide hazards and the open channel hydraulic section is often 
correspondingly narrow and deep. In the terai districts the volume of flow carried is usually much 
larger and hydraulic gradients less, resulting in much wider channel sections. Often the main canal is 
not fully lined and gates to control distribution flows not present or functioning correctly, resulting 
in poor irrigation conveyance efficiencies.  

Critical to the main canal water conveyance is how it passes over or under cross drainage paths and 
roads and the condition of these structures. Aqueducts are used where there is sufficient height 
difference between the main canal and the drainage path. These structures can be vulnerable to 
aggradation or degradation of the drainage channel bed, the former threatening the capacity of the 
channel section under the aqueduct to pass flood flows whilst the later threatening the stability of 
piers and revetments due to the lowering of the channel profile.  

Super passages are used where the head difference between the main canal and the drainage 
channel is small and drainage flows are allowed to pass over the main canal which is in a covered 
section. These structures are vulnerable if inadequate lengths for the covered section or insufficient 
downstream protection are provided to cater for flood flows in the drainage channel.  

A syphon is used where the invert level of the canal has to be lowered to pass under a river course, a 
drainage channel or road crossing. It can be vulnerable to blockage if much sediment is passing 
down the main canal.  

4.3 COMMAND AREA 

The command area is where the irrigated crops are grown and irrigated by either gravitational flow 
or from lift irrigation sources. In the hill districts the command areas are on terraces or tars with an 
intricate system of small field channels and drains. Also in the hill districts there are small command 
areas supplied with water from tanks and utilizing pressurized pipe distribution systems under the 
non-conventional irrigation technology programme. All terraces in the hill districts are vulnerable to 
landslides or erosion of their steep slope faces if not adequately protected with vegetation or 
sufficient provision made for safely disposing of surplus drainage water. 

In the terai districts the command area is comparatively flat and the field channels and drains larger 
with some areas being irrigated solely from groundwater sources. The principal threats are from 
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flooding if adequate drainage channels and outfalls are not provided to cope with large rainfall 
events. Flooding of the command areas could also come from overspill from an adjacent larger river 
due to a high flood event. 

5  TYPICAL CLIMATE CHANGE  THREATS AND 
IMPACTS FOR THE SECTOR  

This section outlines the background to developing the climate threat profiles, the use of the 
vulnerability assessment methodology to analyse these threats and how they could impact on 
irrigation systems. 

5.1 CLIMATE THREAT PROFILE MODELLING 

Studies done by the National & International Hydrological Modelling Team in close consultation with 
Department of Hydrology and Meteorology (DHM) show that climate change induced threats would 
affect differently people living in various regions in Nepal, their socio-economic development, 
biological diversity and other sectors. The results of such climate change induced threats are 
increased risks of floods, landslides, glacier outbursts, drought and other natural calamities. 

District-level climate threat profiles were prepared to assess future climate change impacts on 
irrigation systems relying on localised projections of future climate change for the period 2040-2060 
compared to a baseline of 1980-2000. Monitoring data and results from the regional dynamic 
downscaling model PRECIS (Providing Regional Climate Scenarios for Impact Studies) were used for 
the climate projections. The monitoring data was projected using climate change statistics (averages, 
variability/variance, number of dry days and extreme values) from the PRECIS results and then 
interpolated with orographic adjustment into the high resolution grids necessary for development of 
district-level models. This procedure can be described as combined dynamic/statistical downscaling. 

The results of the downscaling were incorporated into the IWRM basin-wide hydrological model 
which computed changes in temperature, precipitation amounts and intensities, river discharges and 
flood amounts and runoff for every 120 x 120m grid cell in each district. Hydrological and other 
processes were computed in each grid cell and the grid cells were connected through mass transport 
above ground (e.g. rivers and overland flow) and through the soil (e.g. groundwater flow). The 
model grid was constructed by combining together soil, land use, topography and river networks. 
Observed and projected meteorological data as well as water utilisation and infrastructure were 
added to the model together with the grid. 

Despite the limitations in data coverage and quality and time available for model calibration the 
model represented quite well the hydrological characteristics within each of the target districts. 
Based on calibration results using historical events, modelling could also be deemed reliable in 
representing changes caused by climate change scenarios.  

A much larger issue than the hydrological modelling accuracy was the confidence in the climate 
change projections. In general temperature projections are considered more reliable than those for 
precipitation. Differences in baseline modelled and monitored precipitation data seem to confirm 
that future projections for precipitation may not be as accurate as projections for future 
temperature. Uncertainty in precipitation projections - especially for monsoon areas – has also been 
documented by the IPCC 4.17 The selected downscaling methodology aimed to alleviate this problem 
by using observations and changes (not absolute values) in the climate model baseline and 
projections. As a result, the models are considered more reliable in predicting changes than absolute 
values. 

                                                           
17 IPCC: Summary for Policymakers In Managing the Risks of Extreme Events and Disasters to Advance Climate 

Change Adaptation, 2012  



  
DOI & MOSTE | Mainstreaming Climate Change Risk Management in Development 

Irrigation Sector Adaptation Plan Framework for Guidelines: Synthesis Report 

 

13 
 

In light of these issues, the following approach was adopted:  

 Focus on current climate, its variability and extreme events – this provided a wealth of 
information about climate vulnerability and adaptation measures; and 

 Assess the impact of projected changes to the baseline scenario. 
 

5.2 DISTRICT CLIMATE THREAT PROFILES 

For each of the six districts where case studies were undertaken for the irrigation sector, district 
climate profiles were prepared from the model outputs18. The principal climate change threat 
profiles as they affected the irrigation systems were evaluated under the following headings:  

Changes and Shifts in Regular Climate:  

 Increase in temperature (For impact on evapotranspiration rates -ETo)  

 Increase/ decrease in precipitation (For effective rainfall based on 80% reliable daily events)  

 Increase in river flows (For 80% reliable river discharges and 1:100 year flood discharges)  

Changes and Shift to Meteorological and Hydrological Events:  

 Flash floods 

 Storms  1: 10 year 10min intense rainfall and 1:50 return period 24hr rainfall events 

 Landslides  

The significances of the above parameters to an irrigation system are: 

 Increases in air temperature affect evapotranspiration rates and crop water requirements 

 80% dependable rainfall is used in calculations to reduce irrigation water requirements 

 80% reliable river discharges indicate the reliability of the water source for irrigation 

 1:100 year flood events are used to provide safe designs for the main canal intake structure 

 1: 50 year 24hr rainfall events are used for designing flood flows in major cross drainage 
works. Also indicates the likelihood of high sediment loads associated with flood events 

 1:10 year 10min rainfall events are used for identifying potential damaging storm events and 
assessing soil erosion and landslide risks from flash floods 

The occurrence and magnitude of the above climate threat parameters as identified from the 
climate modeling for each of the six case study districts are summarized in Table 5.1. 

Table 5.1: Key Climate Change Parameters Identified for Each District (Based on projected data 
from the cimate change model runs) 

 
CLIMATE 

PARAMETER 

DISTRICT 

BANKE CHITWAN MUSTANG KATHMANDU DOLAKHA PANCHTHAR 

Increase in 
Temperature 

Av. 
monthly 
increase by 
2.2

o
C 

Min. 
increase by 

Av. monthly 
increase by 
2.0

o
C 

Min. 
increase by 
up to 3

o
C 

Av. Max and 
Min increase 
by 2

o
C in 

summer. In 
January to 
March 

Av. monthly 
increase by 
2.0

o
C 

In December 
to April 
increase by 

Av. monthly 
increase by 
2.0 to 3.5

o
C 

depending 
on elevation 
More 

Av. monthly 
increase by 
1.6

o
C 

Min. increase 
by some 3

o
C 

                                                           
18 ICEM TA7984: Six Individual District Climate Change Sector Profiles, Prepared for the Asian Development 

Bank, Kathmandu, Nepal, as part of the Pilot Program for Climate Resilience - PPCR3, Mainstreaming Climate 
Change in Development. 2014 
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CLIMATE 

PARAMETER 

DISTRICT 

BANKE CHITWAN MUSTANG KATHMANDU DOLAKHA PANCHTHAR 

some 3
o
C increase by 

up to 4
o
C 

Frosts still to 
occur from 
Dec. to 
March 

some 3
o
C intense  

periods with 
temperature 
above 30

o
C 

Increase/ 
Decrease in 
Precipitation 

Av. 
monthly 
increase 
prior to 
and during 
early 
monsoon 
period with 
a 
maximum 
increase of 
some 30% 
in July. 
Av. 
monthly to 
decrease 
during the 
period 
from 
November 
to March 

Av. monthly 
increase 
prior to and 
during early 
monsoon 
period with 
a maximum 
increase of 
some 15% in 
July. 
Av. monthly 
to decrease 
during the 
period from 
November 
to March 
with no 
rainfall in 
extreme 
years 

Max. 
increase of 
50 
mm/month 
in May/June  
No increase 
in winter 
months 
1:10 & 1: 50 
year events 
increase by 
some 40% 

Av. monthly 
increase 
during May to 
July with a 
maximum 
increase of 
some 50%. 
Av. monthly 
to decrease 
by 25% during 
the period 
from August  
to November 

Av. monthly 
increases 
with a 
maximum 
increase of 
some 76%. 

A 1:100 
year 
rainfall 
event of 
250mm 
expected 
to occur in 
the future 
every 40 
years 

Av. monthly. 
increase by 
40% in June 
to July 
Av. monthly 
to decrease 
during the 
period from 
November to 
January 
Av. Number 
of dry days in 
June 
increasing 
from 6.3 to 
6.9 days 

Increase in 
River Flows 

Av monthly 
to increase 
from July 
to 
September 
whilst rest 
of the year 
to remain 
the same 
as at 
present 
Max 1:100 
year floods 
to increase 
by 48% 

Av monthly 
to increase 
in July and 
August with 
25% 
increase in 
July, whilst 
rest of the 
year to 
remain the 
same as at 
present 
Max 1:100 
year floods 
to increase 
by 35% 

80% 
dependable 
river flows 
will almost 
double 
during July to 
September 
period 
Max 1:100 
year floods 
increase by 
100% in 
August to 
September 

Av monthly to 
increase from 
June to 
August with a 
Max. increase 
of 68% in July, 
whilst rest of 
the year to 
remain the 
same as at 
present 
Max 1:100 
year floods to 
increase by 
35% 

Av monthly 
to increase 
in June to 
October 
with a Max. 
increase of 
35% in July, 
whilst rest 
of the year 
to remain 
the same as 
at present 
Max 1:100 
year floods 
to increase 
by 35% 

Av monthly 
to increase 
from June to 
August with 
65% increase 
in July whilst 
rest of the 
year to 
remain the 
same as at 
present 
Max 1:100 
year floods to 
increase by 
40% 

Flash Floods 
and Storms 

Max. storm 
intensities 
to increase 
from April 
to August 
with 
increase of 
some 50% 
in July 

Max. storm 
intensities 
to increase 
from April to 
August with 
increase of 
some 30% in 
July 

Max. storm 
intensities to 
increase  by 
some 35% in 
July 

Max. storm 
intensities to 
increase from 
May to 
August with 
increase of 
some 80% in 
July 

Increase of 
1: 50 30min 
storm to a 
1:5 year 
event 

Max. storm 
intensities to 
increase  by 
some 45% in 
July 
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CLIMATE 

PARAMETER 

DISTRICT 

BANKE CHITWAN MUSTANG KATHMANDU DOLAKHA PANCHTHAR 

Landslides Threat 
minimal 
except for 
catchments 
in Churia 
hills 

Threat 
minimal 
except for 
catchments 
in upstream 
hills 

1:50 year 10 
minute 
storm to 
increase by 
56% 

1:50 year 10 
minute storm 
event will 
occur every 2 
years in 2050 

1:50 year 10 

minute 

storm to 

increase by 

up to 100% 

1:50 year 10 
minute storm 
event will 
occur every 2 
years in 2050 

5.3 VULNERABILITY ASSESSMENT 

The vulnerability of an irrigation system to climate change impacts is a function of its sensitivity to 
climate effects, and its adaptive capacity to deal with these impacts.  

The exposure of the assets to climate threat focuses on the nature and extent of a particular event. 
Its sensitivity takes account of the degree to which this asset could be affected by, or responsive to 
the climate threat exposure. Regarding temperature the climate threat impact concerned the overall 
increase and its magnitude throughout the year and how it could affect crop growth and irrigation 
water demand. For rainfall the timing of its increase and decrease at different times of the year was 
important on how much more or less water was required for irrigation as calculated from an overall 
water balance. Increased rainfall intensity had a direct effect on possible crop damages and the 
likelihood of increased flash floods damaging irrigation infrastructure and generating landslides. 
Flash flood events considered the level of disruption and the length of time it took to return to 
normal flow conditions. If damage was likely to irrigation infrastructure the sensitivity of the asset to 
the climate threat was also evaluated looking at its design effectiveness, the materials used, 
construction quality, and the levels of maintenance and protective systems required. 

The product of exposure and sensitivity then provides a measure of the potential impact of the 
climate threat to the irrigation system using an impact scoring matrix to rate it from very low to very 
high. The impacts can be assessed as either direct, such as a landslide destroying a main canal, or 
indirect such as sediment restricting entry through the irrigation intake structure. 

Finally the adaptive capacity of the asset to prepare for and respond to the impacts was assessed 
through consideration of the institutional capacity and access to technical and financial resources by 
the people or organizations directly responsible for the asset’s management. Particular emphasis 
was given to the irrigation water user group’s enthusiasm and commitment to the asset. The final 
vulnerability score was then determined by considering the impact and adaptation capacity together 
using the vulnerability scoring matrix19.  

5.4 THREATS AND IMPACTS ON IRRIGATION SYSTEMS 

To assist in scoring how each principal asset of an irrigation system could be affected by its exposure 
to climate change threats it was informative to consider the impacts that each principal climate 
parameter could have on its operation. It also allowed an assessment of how responsive the asset 
could be to any proposed adaptation measures. Table 5.2 therefore summarizes the key climate 
change threats and their possible impacts on the main components of an irrigation system. 

Table 5.2: Key Climate Change Threats and Associated Impacts on Irrigation Systems  

                                                           
19 ICEM TA7984: Climate Change Vulnerability Assessment and Adaptation Methodology for Infrastructure 

within Nepal. Prepared for the Asian Development Bank, Kathmandu, Nepal, as part of the Pilot Program for 
Climate Resilience - PPCR3, Mainstreaming Climate Change in Development. 2014 
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Irrigation 
Components 

Typical CC Threats 

Increased 
Temperature 
and Evapo-

transipiration 
Impact 

Increased 
Rainfall 

Drought 
Increased 

Flow in River 
Flash Floods Landslides 

Intake Higher ETo 
results in 
slight increase 
in water 
required at 
the intake 
particularly 
for paddy 
land 
preparation. 
 

Increased 
rainfall 
occurring 
over the 
command 
area reduces 
irrigation 
water 
requirement 
at the intake 
for the crop 

Lack of 
rainfall 
during crop 
growing 
season will 
increase 
water 
demand 
passing 
through the 
intake 
 

Sediment 
loads in the 
river could 
well increase 
being then 
deposited 
and blocking 
flows 
through the 
intake 
structure. 
 

Aggradation 
of river bed; 
damage to 
diversion 
weir, u/s 
afflux bunds, 
or intake due 
to increased 
debris flows. 
 

Blockage of 
intake, 
leading to 
suspension 
of irrigation 
flows to the 
main canal.  

Damage to 
the intake 
structure 
due to 
sudden 
landslide 
events. 

Main Canal Higher 
evaporation 
losses from 
open channel 
sections. 
Thermal 
expansion of 
larger canal 
structures. 
For exposed 
pipe systems 
degradation 
of materials 
could occur 

Potential for 
greater 
runoff into 
the canal 
section 
bringing 
with it 
increased 
sediment 
loads. 
 

Drying out of 
clay soils 
could induce 
cracks and 
settlement 
of canal 
linings 

Irrigation 
water 
entering 
through the 
intake may 
well have 
increased 
sediment 
loads which 
are then 
deposited 
along the 
canal 
alignment. 

Particular 
concern at 
cross 
drainage 
structures 
where flood 
water could 
inundate 
super-
passages or 
damage 
aqueducts   

Blockage or 
destroying 
the canal 
will 
prevent 
irrigation 
of the 
command 
area 
 

Command 
Area 

May force 
introduction 
of alternative 
cropping 
patterns and 
associated 
increased 
irrigation 
water 
requirements 

Reduces 
irrigation 
crop water 
requirement 
 
Soil erosion 
and water 
logging of 
fields could 
damage 
crops 

Increased 
irrigation 
requirement 
but 
permanent 
crop damage 
if not 
enough 
water 
available at 
the source 

More 
assurance of 
nt irrigation 
water being 
available to 
meet 
demands. 
 

There could 
be increases 
in sediment 
entering 
fields. 

Flash floods 
in drainage 
channels 
crossing the 
command 
area can 
damage 
field 
terraces. 
 
 

Field 
terraces 
can be 
destroyed. 

Tube wells Greater 
pumping 
requirements 
required. 

Accelerates 
the 
groundwate
r recharge 
process. 

Greater 
pumping 
requirement 
required. 

Little effect. Tube wells 

in flood 

plain areas  

may be 

inundated  

No impact 
in terai 
areas. 
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6  EXAMPLES OF CLIMATE THREATS AND THEIR 
IMPACTS ON IRRIGATION INFRASTRUCTURE  

In Section 5 a typical list of threats that could impact the irrigation system and its associated 
components was outlined. In this section, based on the sector district case studies performed as part 
of this current study, some typical vulnerabilities affecting irrigation structures and their 
components are described. 

6.1 IRRIGATION SYSTEMS WHERE VULNERABILITY ASSESSMENTS WERE 
UNDERTAKEN  

For the purpose of this study site visits were conducted in six districts where vulnerability 
assessments were performed on selected key irrigation assets. Through co-ordination with the 
Department of Irrigation Focal Point and the respective District Irrigation Officers and Groundwater 
Resources Board staff as appropriate, up to four irrigation systems were selected from each district. 
A basis for choosing a particular irrigation system was based on one or more of the following criteria: 

 The system to have suffered past damage due to an extreme event such as a flood, 
landslide, drought, etc. 

 The system could be shown to be receptive to adaptive responses, i.e. the scheme was not 
totally defunct and rehabilitation works could be feasibly undertaken to also include any 
climate change responses.  

 If possible a newly planned irrigation system would also be included if it was known there 
was one to be constructed in the near future. 

 In the hill districts a non-conventional irrigation system was to be included where 
appropriate 

 In the terai districts one deep tube well and one shallow tube well system were to be taken 

 To ensure that a representative sample of schemes was taken the selection process was to 
include where possible at least one government managed as well as one traditional farmer 
managed irrigation system. 

The systems chosen for the baseline asset study embraced the above criteria and included where 
appropriate an existing farmer managed system, a newly rehabilitated system, a system 
rehabilitated some time ago and a non-conventional irrigation project. In all 19 irrigation systems as 
shown opposite were evaluated as part of the vulnerability assessment process: 

For each district a summary vulnerability assessment matrix was established enabling the 
identification of which case study irrigation system was shown to be the most vulnerable to the 
climate threats in that district. These are presented in Annex A 

6.2 DISTRICT CASE STUDY EXAMPLES 

The following section gives one example from each of the district case studies of the typical specific 
threats and impacts that were identified on a particular irrigation asset and its components within 
the system. The systems described below are the ones shown to be the most vulnerable coming out 
of the vulnerability assessment case study exercise. 
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Figure 6.1: Irrigation systems focused on for the vulnerability assessment case studies  

Banke 

•Kiran Nala Irrigation System 

•Chisapani Naubasta Irrigation System 

•Chisapani Deep Tubewell No 3 

•Binau Shallow Tubewell Cluster 

Chitwan 

•Pancha Kanya Irrigation System 

•Pithuwa Irrigation System 

•Riu Tamta Ghagar Irrigation System 

Mustang 

•Thini Irrigation System 

•Syang Irrigation System 

Kathman
du 

•Bisambhara Irrigation System 

•Manakhal Irrigation System 

•Sankhu Raj Kulo  Irrigation System 

•Syuchatar NITP Irrigation System 

Dolakha 

•Hill Thali Gada Gaun Irrigation System 

•Rampa Irrigation System 

•Bhote Khola Irrigation System 

•Bhalu Khola NITP Irrigation System 

Panchtha
r 

•Subhang Khola Irrigation System 

•Lamichanedhar Irrigation System 
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BOX # 1: Chisapani Naubasta Irrigation System – Diversion Weir and Intake Damage, Banke 
District 

Chisapani Naubasta is a surface irrigation scheme original constructed by farmers and rehabilitated 
in 1996 under the ILC project. The command area is 306ha and benefits 575 households. The crops 
grown are monsoon paddy followed by a combination of wheat, potatoes, pulses and oilseed. The 
overall cropping intensity is 180%.  
 
The diversion weir comprises a vertical reinforced concrete core wall 67m long across the khola. 
Due to poor maintenance and recent floods the weir structure across the Man Khola has partially 
collapsed so that water from the khola is now unable to enter the main canal. Overall the condition 
of the headworks and main canal are poor and the apathy of the water user group to undertake 
any remedial works has compounded the quick deterioration of the diversion and intake 
structures. 
 
Damaged Diversion Weir and Intake across Man Khola 

  
 
Average monthly river flows are predicted to increase over the period from July to September and 
there is potential for more sediment to pass into the intake. The 100 year return period flood 
events are predicted to increase in size by up to 50% in the July/August period. At the same time 
rainfall intensities (1:10 year10 min rainfall event) are predicted to increase in the pre-monsoon 
period by 20%. As the Man Khola catchment area is in the Churia mountains, which is a young 
mountain range and highly erodible, the higher runoff rates would cause soil erosion and potential 
for bringing down high sediment loads with the floods.  
 
The present poor condition of the diversion weir would be further impacted upon by the larger 
flood flows unless it is rehabilitated or even better redesigned with better protection from larger 
boulders or stronger gabion baskets in the khola bed downstream of the core wall. At the same 
time increased sediment loads brought down by the floods could further damage the intake to the 
main canal.  
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BOX # 2: Pithuwa Irrigation System – Sediment Ingress at Free Intake and Headworks Structure, 
Chitwan 

Pithuwa irrigation system is a government-constructed farmer managed Irrigation System 
commanding an area of 600ha with 600 households. The source river is the Kair khola which during 
the monsoon season carries a lot of sediment along with flash floods resulting in the river bed 
aggrading every year. Though a perennial source, the discharge of Kair Khola diminishes 
considerably during the dry months. At the point of abstraction, water is diverted to the Pithuwa 
irrigation system through an earthen approach feeder canal. 
 
Regular Maintenance Required at the Intake Channel and Headworks  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The lack of a more permanent diversion structure in the Kair Khola incorporating sediment 
exclusion structures and a scouring sluice is a major drawback to efficient operation of the 
irrigation system. Maximum storm intensities were predicted to increase from April to August with 
an increase of some 50% in July. In the less well protected and steeply sloping watershed area of 
the Churia Mountains this could generate more extreme flash floods in the rivers bringing down 
correspondingly larger volumes of sediment including boulders and gravels.  
 
The diversion structure in the Kair Khola is a temporary excavation of bed sediments and will 
continue to be sensitive to damage each flood season requiring yearly excavation. Blockage of the 
intake as well as the potential for sediment entering through the intake blocking the main canal 
could well lead to suspension of irrigation flows to the command area. However at present farmers 
are able to manage this irrigation system intake easily as the water user group is very active and 
DOI provide mechanical support for intake and main canal maintenance.  
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BOX # 3: Syang Irrigation System. Vulnerability to Landslides, Mustang 
Syang irrigation system is an existing FMIS commanding a net cultivable area of 42 ha. The system 
was rehabilitated under the ILO and NISP programme in 1990 and 2000 respectively. The crops 
grown in the project area are apple, buckwheat, naked barley, maize, potato and vegetables. The 
source of water for this irrigation scheme is Syang Khola. It is a snow-fed river having sufficient 
discharge throughout the year at present,.as its headwaters are at an elevation of ????m, which is 
above the snowline. The catchment area is fragile in nature and a threat of landslide has been 
noted at both the intake site and along the main canal alignment.  
 
Intake and Main Canal adjacent to historic landslide zones   

 
Increasing number of dry days are predicted in January, February and June and in the eastern 
mountains the average number of dry days in June could increase from 5.5 to almost 7 days. 
Extreme rainfall intensity events (1:10 year10 min rainfall) are projected to increase in intensity by 
65%. This could well trigger more landslide events. There were inadequate protective measures 
observed at the intake site and along the canal alignment to prevent landslides damaging and 
sweeping away the canal system. There was a need for more frequent O&M works which in turn 
raises costs and is a significant burden on the water-users. 
 
Increasing temperatures of up to 4oC during winter months will raise the permanent snow line to 
higher elevations in the river catchment decreasing the dependable river flows resulting from 
snow melt. This will impact on irrigation water availability for summer crops. Larger river flows are 
expected in the pre-monsoon period due to increased rainfall, thereby increasing the river bed 
aggradation problems and activating the landslide prone areas necessitating a higher level of 
protective measures at the intake site. 
 
Since there are no good protective measures from flash flows and landslides, the likelihood of 
damages to the system components is high and the consequences are severe. Damage to the 
system and its components could well result in no flows reaching the command area which 
eventually affects the crop production. Farmer’s livelihoods are then affected if occurring on 
regular basis and encourage the farmers to migrate to the urban areas. 
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BOX # 4: Mahankal Irrigation System, Main Canal Vulnerability, Kathmandu 
The Mahankal irrigation system is farmer managed and commands an area of 50ha. The system 
was rehabilitated under CMIASP in 2011/12. The design of this scheme is typical for a small hill 
irrigation system where irrigation water has to be extracted from a small khola water source and 
carried across the local hillside to a command area at a lower elevation. The cropping pattern of 
the scheme is monsoon paddy followed by a mixture of wheat, oilseed, potato and other 
vegetables.  
 
The source river is the Suryamati Khola which is perennial in nature. The flow in the river is mainly 
sustained by sub surface flow during the dry season when the minimum flow falls to some 20 lps. 
The main canal intake is at a good stable site protected by rocks. Where the concrete main canal 
passes across steep hill side slopes there is danger of landslides and debris falling into the canal 
due to the poor drainage on the hill slopes and steepness of some of the vertical cut faces. The 
command area is terraced across the hill side. This results in it being exposed to storm damage 
during the monsoon season. 
 
Main Canal threatened by landslides and debris entry  

  
 
Current 10min intense rainfall events that occur once in every  5 years  are projected to take place 
in the future once every 2 yearsThese localized intense rainfall events are therefore likely to 
increase landslide risks particularly where the main canal crosses steeply sloping land. Landslides 
have already occurred historically several times along the main canal alignment with it being 
totally destroyed in places and having to be rebuilt. 
 
The recent rehabilitation works included the reinstatement of the canal alignment across a 
previous land slide zone by building up the land on the down slope side of the canal with earth and 
constructing a concrete wall on top of it. There was no drainage or bioengineering inputs 
associated with this work either above or below the canal alignment making the remedial works 
still vulnerable to further landslides and damage in the future. There also appeared to be little 
enthusiasm by the local water user group members to undertake any regular maintenance works 
to regularly remove debris entering the canal.  
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BOX # 5: Rampa Irrigation System, Intake and Cross Drainage Vulnerability, Dolakha 
Rampa irrigation system is an existing FMIS, commanding 70ha, rehabilitated under the CMIASP 
programme in 2011/2012. The water source is the Kuthali Khola with a catchment area of 12km2 
with its watershed being fragile in nature and threats from landslides being noticed. As the system 
has only recently been completed it is functioning well though some design aspects and the quality 
of construction of some components was noted to be poor which may impact upon its long term 
stability.  
 
The siting of the diversion weir and headworks on one side of a bifurcation of the main khola 
channel raises the concern that not all the flow passing down the khola will be available at the 
main canal intake site particularly during the low flow season. Another scenario is that due to flash 
flood events the total flow in the khola may in the future be fully diverted in the future to pass 
down the other side of the bifurcation.  The main canal passes under several cross drainage 
channels and at some the super passage configuration is such that it will constrict flood flows 
potentially damaging these structures. 
 
Irrigation intake vulnerable to main river channel migration and cross drainage structure 
inadequacy 

  
 
Normal river flows are predicted to increase by 25% in the July/august period only whilst in the 
winter period they could decrease by 20%. The well-designed diversion weir and intake should 
ensure improved capture of water at low flows, whilst trash racks will protect the intake orifice 
from large debris passing down during the larger flows. 100 year floods are predicted to increase in 
size by 10% which will increase bed load entering through the intake though the existing sediment 
basin and flushing sluice if properly operated should be able to cope with this. However flash 
floods are predicted to increase in frequency with a 30 minute storm event that now occurs every 
50 years to happen every 5 years by 2050. These could result in the priority of the river channels 
upstream of the diversion weir changing with flows passing down through another channel. 
 
With the 1:50 year one day rainfall intensity predicted to increase by 67% by 2050, floods in the 
cross drainage channels crossing the main canal could result in the existing super passage 
structures being inadequately sized to pass these predicted flood flows. Resulting damages could 
well interrupt irrigation water reaching the command area 
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BOX # 6: Subhang Khola Irrigation System, Silted and Damaged Main Canal, Panchthar 
Subhang Khola Irrigation System is a farmers managed irrigation scheme commanding a net 
cultivable command area of 250ha. The system was rehabilitated under the Irrigation Sector 
Project (ISP) in 1993/94.  
The design is as for a typical hill irrigation scheme and is user compatible and environmentally 
friendly. The main canal intake is a free intake and water has been diverted by erecting boulder 
and brush across the river just upstream of a fall in the river bed.  The total length of the main 
canal is 6.12 km with about half consisting of stone masonry lining to prevent seepage losses and 
provide protection from landslides. 
 
Some sections of the main canal appear inadequate to carry the design discharge due to sediment 
deposition. In areas where major seepage has occurred HDPE pipes have been used or in other 
areas the canal has just been cut into the face of the landslip zone. Due to these landslip and 
seepage problems along the main canal alignment the system is not presently in operation and 
requires much rehabilitation work. 
 
Silted lined canal and damaged lined canal replaced with HDPE pipe 
 
 
 
 
 
 
 
 
 
 
 
 
 
As the 1:100 year flood events are predicted to increase by 50% and mean flows in the monsoon 
season by 33% the sediment problems entering the man canal will continue to increase unless 
gates are provided at the existing free intake site and incorporating some sediment basin and 
flushing structure. The 1:50 year one day rainfall intensity is predicted to rise by some 80% which 
will induce continuing landslide events unless bioengineering works associated with upslope 
drainage works are installed in the more critical areas along the main canal alignment. 
 
Another consideration is that the design and construction of the system and its components are 
inadequate with materials used in the construction of the main canal system in particular being of 
poor quality. This worsens the seepage problems and can induce landslide events below the canal 
alignment.  Regular operation and maintenance activities within the irrigation system are 
performed by the water user group on an ad-hoc basis and minimal funds are available to support 
or reinstate the existing damaged canal or intake points. Advanced technical capabilities are also 
not readily available within the department of irrigation or water user group to raise the existing 
system capacity to achieve more climate resilient designs due to inadequate budgets. 
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7  ADAPTATION PLANNING MEASURES  
In Section 6, the impacts and vulnerabilities of irrigation systems and associated components were 
summarised and some typical case studies presented. In this section, adaptation responses are 
identified based on the sector district case study assessments performed.   

7.1 ADAPTATION PLANNING 

Adaptation includes preventative measures taken to reduce the risks of climate change impacts, or 
actions taken to respond to impacts as they happen, including taking advantage of the opportunities 
that may arise due to climate change, as well as responding to the negative impacts.  

Four strategies are possible for setting priorities for adaptation. They vary from the short term, with 
low initial investments but with largest risk and potentially high overall costs, to the long term, with 
high initial investment but long term security. Deciding on the adaptation option involves prioritizing 
what investments need to be made immediately or in the short-term, and what can be left for future 
financing as follows:  

(i) Build to repair as damages occur  
(i) Progressive modification to the design in response to verified climate changes  
(ii) Plan for a progressive phased adaptation programme over the project lifetime  
(iii) Build adaptation measures now to last the project lifetime  

The final step is then to assess the feasibility and effectiveness of each adaptation option to arrive at 
a rating of priority from very low to very high using the adaptation priorities matrix20. The 
assessment of its feasibility determines to what extent each option can be accomplished or 
implemented.  

Factors influencing feasibility include technical complexity, cost, capacity of the DOI offices and 
water user groups and their associated committees. Its effectiveness is assessed by how much it will 
eliminate or reduce the climate change impacts and timescale for the adaptation option to be fully 
effective. 

7.2 TYPICAL ADAPTATION MEASURES 

The vulnerability assessment matrix for each district identified the most vulnerable irrigation system 
to take forward for preparing an adaptation plan. Within each of these irrigation systems the 
vulnerability assessment also indicated which component was the most vulnerable to the different 
climate change impacts.  

The general trend was for greater magnitude flooding events and the increase risks of sediment and 
landslides blocking the intake and main canal alignment being the most common events. Cross 
drainage super passages or aqueducts were also susceptible to damage from flash floods whilst 
climate change impacts within the command area focused more on increasing temperatures 
affecting crop water requirements. Taking these four irrigation system components Table 7.1 
summarizes the most important structural and non-structural adaptation measures that were 
commonly recommended for the case study irrigation systems to make them more resilient.  

Table 7.1: Key Climate Change Impacts and Suitable Measures Proposed for Case Study Irrigation 
Systems 

 

                                                           
20 ICEM TA7984: Climate Change Vulnerability Assessment and Adaptation Methodology for Infrastructure 

within Nepal. Prepared for the Asian Development Bank, Kathmandu, Nepal, as part of the Pilot Program for 
Climate Resilience - PPCR3, Mainstreaming Climate Change in Development. 2014 
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Irrigation 
System &  

Components 

 IMPACTS AND ADAPTATION MEASURES 

CLIMATE CHANGE IMPACT STRUCTURAL MEASURE NON-STRUCTURAL 
MEASURE 

ADAPTATION MEASURE 

Intake  Unable during low 
flow season to raise 
normal water levels in 
the river to reach the 
intake 

 Provide in steep river 
areas rock or boulder 
weir 

 In other hill or terai areas  
a concrete or masonry 
diversion weir across the 
river 

 As a temporary measure 
a brushwood weir 
supported on boulders 
across the river 
 

 Surface water flow in 
the river ceases 
during low flow 
season 

 Build an infiltration 
gallery across the river 
upstream of the intake 

 build upstream reservoir 
or inter basin water 
transfer to augment flows 

 Undertake 
improvements in the 
watershed such as 
increasing forest or 
vegetation cover 

 Increased flood 
volumes cause 
aggradation of river 
bed at the intake site 

 Provide flushing sluice 
and scour channel across 
intake to scour out 
sediments 

 Excavate and remove 
from site deposited 
materials 

 Improve tree and 
vegetative cover in the 
watershed to reduce soil 
erosion 

 Increased flood 
volumes bring down 
sediment blocking the 
intake 

 Provide gates to stop 
sediment ingress during 
flood flow periods 

 Provide flushing structure 
in front of the intake to 
pass sediments 
downstream 

 Improve tree and 
vegetative cover in the 
watershed to reduce soil 
erosion 
 

 Flash floods bringing 
debris  down the river 
to block the intake 

 Provide angled trash rack 
in front of gated intake 

 Regular O&M to remove 
debris collected 

 Provide brush wattles on 
steep slopes in the 
watershed to reduce 
landslip risk 

 Increased floods 
cause degradation of 
river bed downstream 
of diversion weir 

 Provide a gabion rock or 
boulder filled launching 
apron 

 

 Flash floods in hill 
systems bringing 
gravel down the river 
and enters main canal 

 Provide a gravel trap 
downstream of intake 
with flushing sluice if 
sufficient head available 
to flush gravel back into 
the river 

 Regularly manually 
remove gravel collected 
in trap or canal 
 

 Sediment entering the 
main canal through 
intake  

 Provide a sediment basin 
and if sufficient head a 
flushing sluice to remove 
sediment back into the 
river 

 Regularly dig out 
sediment  

 Improve tree and 
vegetative cover in the 
watershed to reduce soil 
erosion 
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Irrigation 
System &  

Components 

 IMPACTS AND ADAPTATION MEASURES 

CLIMATE CHANGE IMPACT STRUCTURAL MEASURE NON-STRUCTURAL 
MEASURE 

 
 
 

Main Canal  High intensity storm 
events cause sediment 
and debris to be 
washed into channel 
section from steep 
upstream slopes  
blocking canal 

 Provide cover slabs over 
canal  

 Brush matting and brush 
wattles established on  
upslope to canal 
alignment 

 Increased rainfall 
combined with high 
intensity storm events  
causes  landslide and 
sweeps away canal 

 Provide flexible HDPE pipes 
for the canal across 
landslide prone areas 

 Provide upslope collector 
drainage system with 
rubble drains down the 
slide areas 

 Brush layers and live 
stacking placed across 
the landslide zone with a 
catch drain dug above 

Cross-
drainage 
Super-
passage or 
Aqueduct 

 Larger flood flows 
cause scour damage 
undermining structure 
or around piers leading 
to structural failure 

 Design and construct 
appropriate remedial 
works 

 Repair damaged structures 
regularly 

 Undertake  improvements 
in the khola watershed 
such as increasing forest 
or vegetation cover to 
reduce runoff  flows and 
construct appropriate 
remedial works  

 Flash flood flows in the 
cross drainage channel 
resulting in loss of 
function to transfer 
water across Khola 

 Remodel or design new 
main canal structure 
crossing to cater for larger 
flood flows in the khola 
incorporating fuse-plug 
facilities as appropriate 

 Undertake improvements 
in the khola watershed 
such as increasing forest 
or vegetation cover to 
reduce runoff  flows 

Command 
Area 

 Higher temperatures 
increase crop evapo-
transpiration and 
increases irrigation 
water requirement  

 Provide masonry or 
concrete lining to earthen 
channel sections to reduce 
water losses 

 Review cropping 
pattern or irrigation 
scheduling 

 Increased rainfall 
reduces irrigation 
requirement 

 Possible to extend 
conveyance canal 
networks to irrigate other 
areas 

 Potential to increase 
irrigated area 

 High intensity storms 
damage terraces in the 
hills and induce soil 
erosion  

 Provide stone or rock 
support to terrace sides 

 Establish vegetation on 
terrace slopes  

 Provide higher terrace 
bunds to hold more 
water  

 

There are however opportunities that a changing climate presents and also need to be considered in 
the adaptation plan. These included: 

 Projected increases in rainfall, particularly during the pre-monsoon period, reducing the 
water requirements for land preparation of the paddy crops.  
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 Projected higher temperatures during the winter season providing an opportunity to grow 
different vegetable crops or alter the time of planting pulse and oilseed crops.  

 The frequency and duration of higher summer temperatures being beneficial in reducing the 
growing period of rice and maize crops.  

At the same time other development influences that could affect the implementation of the 
adaptation plan or influence the irrigation system and its adaptation measures were considered. In 
the majority of case study systems these were the existing of other upstream abstraction points that 
were reducing water availability and the deforestation within catchments reducing groundwater 
recharge and increasing the potential for soil erosion from steep lands. Mitigation activities 
commonly identified to control these issues were the preparation of catchment integrated water 
resource plans and the establishment of community forest awareness programmes and educating 
the `communities on the benefits from environmental protection. 

Prioritising the proposed adaptation measures was therefore aimed to manage climate risk to an 
acceptable level including any mitigation and positive opportunities that could arise. The adaptation 
measures proposed were categorized as short, medium and long-term measures based on a: 

 short term phasing referring to works to be carried out over the next 1 to 3 years,  

 medium term over years 3 to 7  

 long term for anything beyond the next 7 years   

 

Table 7.2 gives the example of the adaptation plan and the phasing proposed for the Chisapani 
Naubasta Irrigation Scheme in Banke district 

 

Table 7.2: Adaptation Plan and the Phasing Proposed for the Chisapani Naubasta Irrigation 
Scheme 

Priority 
Phasing 

Adaptation 
Measure 

Required    
Resources 

Technical    
Feasibility 

Financial  
Viability 

Effectiveness 

Sh
o

rt
 T

e
rm

 

Restore water 
flows into main 
canal intake 

Construct a 
temporary 
diversion across 
the Man Khola 
using boulders and 
brush wood 

Within the 
capacity of farmers 
if they can 
coordinate 
activities through a 
functional water 
users group 

Water user 
group should 
be able to raise 
the limited 
funds required 

A temporary 
measure only 
requiring 
rebuilding 
after every 
large flood 

 

Increased O&M 
of main canal 
and water 
distribution  
infrastructure 
in the 
command area 

Human resources 
required only with 
provision of own 
hand equipment 

Limited technical 
knowledge 
required. Requires 
coordination 
through forming  
an effective water 
users group 

No additional 
funds required 

Very effective 
in dealing 
with minor 
problems with 
the 
distribution of 
irrigation 
water in the 
short-term 

Clearance of 
sediment and 
debris blocking 
the intake and 
entering the 
main canal 

Human resources 
required only with 
provision of own 
hand equipment  

No technology 
required but 
requires 
coordination 
through the 
forming of an 

No additional 
funds required 

Very effective 
in removing 
sediments 
temporarily  
blocking the 
irrigation 
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Priority 
Phasing 

Adaptation 
Measure 

Required    
Resources 

Technical    
Feasibility 

Financial  
Viability 

Effectiveness 

effective water 
users group 

canals 

Protection of 
landslide prone 
areas 

Bioengineering 
works on the 
vulnerable areas 
combined with 
provision of 
drainage works to 
relieve water 
pressures on the 
steep slopes 

Technical support 
from IDD, Banke 
will be sufficient. 
Farmer 
beneficiaries could 
supply the labour  

Funds could be 
provided from 
the annual 
budget of 
Irrigation 
Development 
Division Office 
Banke 

Effective in 
ensuring the 
main canal 
system 
continues to 
function  in 
the short term 

 

 

 

M
e

d
iu

m
 T

e
rm

 

Undertake 
study and 
designs for the 
repair and 
reconstruction 
of the diversion 
structure across 
the Man Khola 

DOI senior staff 
members could 
undertake 
otherwise hire 
consultants for the 
study and design 
works 

Technical support 
from DOI possible 
for in house 
completion or 
preparing tenders 
for outsourcing 

Funds required 
from central 
DOI budget 

Effective as 
starting to 
prepare for 
long term 
solution 

Remedial works 
to landslide 
prone areas 

Provision of 
gabion, support 
structures or 
masonry 
revetments 
incorporating 
drainage 
infrastructure on 
the steep slopes. 
In addition provide 
cover slabs to 
vulnerable open 
main canal lined 
sections.  
Alternatively 
replace open lined 
canal section with 
HDPE pipes to 
span landslide 
areas 

Technical support 
from IDD Banke to 
undertake design 
work. Works given 
to contractors  for 
completion 

Funds required 
from central 
DOI budget 

More 
effective in 
stabilising 
hazardous 
areas and a 
long term 
solution 

Provision of 
gates at the 
main canal 
intake and 
within 
conveyance 
system to 
control water 
deliveries  

Vertical control 
gates with spindle 
and handle at the 
scour sluice and 
intake needs 
replacing 

Technical support 
from DOI for 
design and gate 
specifications. 
Installation 
required by 
contractors 

Funds required 
from DOI 
budget 

Ensures 
control of 
irrigation 
water 
entering the 
main canal 
and reduction 
of sediment 
entering 
system  
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Priority 
Phasing 

Adaptation 
Measure 

Required    
Resources 

Technical    
Feasibility 

Financial  
Viability 

Effectiveness 

Lo
n

g 
Te

rm
 

Undertake a 
feasibility study 
and then 
prepare designs 
to provide a 
more resilient 
diversion 
structure across 
the Man Khola. 
Construct the 
new works 

New concrete core 
walls with stronger 
downstream 
protection works 
to prevent 
downstream 
retrogression and 
improved 
sediment removal 
devices at the 
intake 

Technical support 
from DOI and 
international 
assistance 
required 

Funds required 
for technical 
design and 
supervision as 
well as the 
construction 
costs 

Very effective 
in restoring 
regular water 
supplies 
through the 
intake and 
controlling 
sediment 
entry during 
flood flows 

 

8  MONITORING AND EVALU ATION 
8.1 ADAPTATION MONITORING AND EVALUATION 

To complete the adaptation planning and implementation cycle, the results from monitoring and 
evaluation need to progressively improve infrastructure performance and help shape any future 
adaptation measures. Adaptation monitoring and evaluation assesses whether adaptation measures 
have achieved their desired results and whether resources have been used efficiently and 
effectively. The core question is whether adaptation has actually taken place, i.e. whether 
vulnerability within an irrigation system has been reduced or adaptive capacity has been 
strengthened. For instance, adaptation monitoring and evaluation tries to answer whether an 
adaptation project has supported its target group to cope with the likely impacts of climate change. 

8.2 INDICATORS FOR ADAPTATION MONITORING AND EVALUATION 

Due to the cross-cutting nature of adaptation and the diversity of adaptation responses there is no 
universal set of indicators for adaptation. Adaptation indicators need to be chosen based on the 
monitoring and evaluation purpose and the relevant context. Therefore outcome-based indicators 
that measure whether adaptation has actually taken place have been taken. Examples of these 
include the number of people less at risk from extreme weather events or the yields of certain crops 
stabilized despite storm damage. 

Table 8.1 sets out the specific indicators that have been proposed in monitoring and evaluation of 
the Chisapani Naubasta Irrigation System. 

Table 8.1: Monitoring and Evaluation Plan for the Chisapani Naubasta Irrigation Scheme 

Adaptation 
Measure 

Monitoring Focus M&E 
Frequency 

Who 
should 
M&E 

Organizational 
Indicators 

Technical 
Indicators 

Increased 
O&M of main 
canal and 
water 
distribution  
infrastructure 
in the 
command 
area  

 Functioning of 

facilities 

 Community 

capabilities and 

participation 

Quarterly  Water 
users 
committee 

 Definition of 

O&M roles 

 Annual O&M 

funds allocated 

 New activities 

initiated or 

extended 

 Percentage of 

assets in 

working order 

 Average  water 

flow downtime 

 Reliability of 

irrigation water 

supply 
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Adaptation 
Measure 

Monitoring Focus M&E 
Frequency 

Who 
should 
M&E 

Organizational 
Indicators 

Technical 
Indicators 

Clearance of 
sediment and 
debris 
blocking the 
intake and 
entering the 
main canal 

 Functioning of 

facilities 

 Community 

capabilities and 

participation 

 Reliability of 

irrigation water 

supply 

Quarterly Water 
users 
committee 

 Annual O&M 

funds allocated 

 New activities 

initiated or 

extended 

 Frequency of 

sediment 

removal 

 Average water 

flow downtime 

 Reliability of 

irrigation water 

supply 

Protection of 
landslide 
prone areas 

 Functioning of main 

canal 

  Community 

capabilities and 

participation 

 Replicability and 

extension 

 Transfer of 

knowledge to other 

schemes 

Annually Water 
users 
committee 

 Annual O&M 

funds allocated 

 Availability of 

skills, training 

and knowledge 

 Total 

investments 

 Average water 

flow downtime 

 Community 

willingness to 

pay for 

additional costs 

Provision of 
more 
efficient main 
canal intake 
structures to 
reduce 
sediment 
entering the 
main canal 

 Functioning of 

facilities 

 Reliability of 

irrigation water 

supply 

 Community views 

on improvement 

works 

2-5 years DOI  Availability of 

skills, training 

and knowledge 

 Total 

investment in 

new facilities 

 Community 

views on 

reliability 

 Reliability of 

irrigation water 

supply 

 

 

9  REFORMS PROPOSED WITHIN THE 
IRRIGATION SECTOR 
This section sets out other entry points that should be considered for mainstreaming climate change 
resilience in the irrigation sector. It could be considered as part of an overall action plan the 
irrigation department should be preparing to ensure all possible adaption resilience measures are 
included in its activities and the infrastructure it is responsible for. It is referred to as a sector 
adaptation plan for action, or “SAPA”. 

Based on the sector baseline studies, vulnerability assessments and the feasible adaptation 
measures outlined earlier it is considered the following points of action should be included in an 
irrigation SAPA. 

 Review of sector legislation, policies and plans 

 Institutional strengthening within the sector 

 Review of environmental assessment tools 

 Revisions to guidelines, manuals and standards 
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 Modification to VA and AP tool matrices to make them specific for auditing of existing 
irrigation infrastructure 

Further consideration of relevant guidance documents related to the policy reform entry points 
considered below will assist DOI to mainstream climate change into its irrigation management 
operations.  

9.1 REVISIONS TO THE POLICY PLANNING AND LEGAL FRAMEWORK 

The Water Resources Strategy (2002) and the subsequent National Water Plan (2005) set out to 
increase by 2027 irrigation coverage from some 38% to 67% of the irrigated area within the country. 
It also suggested the need to have in place by 2017 infrastructure to cater for future water induced 
disasters whether induced by climate change effects or by normal variability’s in the weather 
patterns. It also placed emphasis on adopting integrated water resource management principles in 
the development of future projects. Whilst some of the proposals in the NWP have been 
implemented there are many that have not been followed through to date.  

Taking into account climate change and to ensure suitable resilience in the effectiveness of future 
irrigation development initiatives, updating of some of the strategic legislation, policies and plans is 
required to better mainstream climate change adaptation and enhance resilience. A review of these 
is given in Table 9.1. 

Table 9.1: Revisions Proposed to Legislation, Policies and Plans 

IRRIGATION POLICIES AND PLANS STATUS 

NATIONAL WATER PLAN (2005) 

Needs updating and revising to take into account the lack of progress 
to date with implementing the recommendations. Addressing climate 
change impacts is implicit in many of the activities proposed 
 

INTEGRATED WATER RESOURCES 
MANAGEMENT POLICY (2010) 

This policy still needs to be adopted to operationalize the National 
Water Plan as stated in the National Water Resources Strategy. 
Confirmation is required that for on-going river basin management 
studies and plans the projections on supply and demand of available 
water resources take account of future climate change impacts 

IRRGATION POLICY (2013) 

This recently updated policy now takes account of the targeted 
objectives set out in the National Water Resources Strategy and 
National Water Plan and includes a clause to implement climate risk 
management and consideration of adaptation and mitigation 
measures to address the effects of climate change 

IRRIGATION MASTER PLAN (1990) 

Now out of date in terms of promoting long term irrigation 
strategies, shorter term investment programmes and methodology 
for planning and establishing a sound database of irrigation systems. 
No mention of addressing climate change impacts. This plan is to be 
now updated as a component of the Water Resources Project 
Preparatory Facility  

9.2 STRENGTHENING INSTITUTIONAL ARRANGEMENTS 

The Environment Section within the Surface Irrigation Division of DOI was recently renamed the 
Social Environment and Climate Change Section. It is headed by an SDE supported by one Engineer, 
and one Sociologist. The section’s present roles and responsibilities are to: 

 ensure all irrigation projects follow rules, regulations and policies of the government (and 
international agreements and commitments when associating with development partners); 
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 arrange through consultants the assessments, evaluation and monitoring of social 
environment and climate change impacts on projects; 

 monitor on irrigation projects as appropriate activities relating to environmental and social 
due diligence, EIA/IEEs, socio-economic surveys and GESI;  

 ensure social and environment safeguards are addressed on projects; 

 coordinate between MOI, MOSTE and donor agencies on social environmental and climate 
change issues; 

 ensure training is provided to stakeholders on social safeguard and environment issues; 

 help DOI staff regarding climate change risk management. 

In order for this section to properly undertake climate change screening procedures it will need to 
focus on regularly reviewing draft irrigation development plans and feasibility studies. In connection 
with this it is important to ensure that individual projects IEEs and EIAs are properly undertaken and 
take into account any potential climate change impacts that might affect an irrigation project. 
Monitoring of projects where adaptation measures have been proposed to provide resilience against 
climate change will also be required. 

The section should instigate the review of the PDSP irrigation design guidelines and standards to 
ensure that they have been adapted to address climate change impacts. To assist in this there is a 
need to develop and maintain a good relationship with DHM to obtain regular climate threat profiles 
from the downscaling climate change model 

A further function of this section is to organize the capacity building of DOI staff to develop a clear 
understanding of the objectives of the vulnerability assessment and adaptive planning methodology 
to take account of climate change. For this there needs to be a close liaison established with the 
training and human resources section 

Whilst there is a groundwater division in the Department of Irrigation it has little impact on 
groundwater development in the Terai as all projects are undertaken and monitored by the Ground 
Water Resources Development Board. This raises the issue that there needs to be a separate 
initiative through the groundwater irrigation division to integrate GWRDB into the climate change 
mainstreaming process.  

9.3 REVISIONS TO ENVIRONMENTAL ASSESSMENTS 

The Environment Protection Act and Environment Protection Rules set out the key legal provisions 
regarding environmental safeguards in Nepal. The Environment Protection Act stipulates that all 
project developers are required to carry out an environmental assessment of a project at the level of 
IEE or EIA, depending on the type and size of the service facility. However there is no statutory 
requirement in the act or rules to require that all EIAs or IEEs should include a section on potential 
climate change impacts upon an irrigation project. Also it does not set out the need to demonstrate 
how the project has been designed to be climate resilient through appropriate adaptation or 
protection measures. A suitable amendment to this act and rules is therefore recommended. 

At the time of writing the Water Resources Project Preparatory Facility is preparing an 
environmental safeguard guideline to assess and mitigate the potential environmental impacts that 
might be caused by development work on irrigation projects. This guideline is intended for planners 
and decision makers to help identify preventive measures to mitigate potential adverse impacts 
associated with irrigation works. Measures might include improved upstream drainage and 
bioengineering works where canals pass across steep slopes, more effective sediment exclusion 
devices at main canal intakes and better water control structures to reduce losses in conveyance 
systems. 
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However at present this guideline does not account for the potential impacts of climate change and 
how climate change may affect the implementation of irrigation development projects. It is 
therefore recommended before submitting these guidelines for endorsement by the Ministry of 
Irrigation the following appropriate amendments should be made: 
 

(i) The EIA or IEE should show the most reliable projections and how they have been arrived at 
for the changes in climate at the location site of the irrigation project 

(ii) Vulnerability assessments of these climate threat impacts should be interpreted in terms of 
factors affecting the design and integrity of the infrastructure, e,g the increased river flows 
at the intake, high intensity storms creating flash floods, landslide risks 

(iii) Revised flood hazard maps to be prepared to show the influence of climate change 
compared to historic flood risks 

(iv) Ensure the project is shown to be at least as secure as it would have been based on the 
historic extreme events, through for example the adaptation and modification of the design 
through use of physical or biological measures or revising the exact location 

(v) For new projects being developed that have already taken climate change impacts into 
account, the environmental assessment should demonstrate that specific design features 
have been satisfactorily included, e.g use of the climate change revised design standards to 
ensure a cross drainage culvert can cope with the conditions caused by increased extreme 
events 

(vi) As most EIAs and IEEs are undertaken by consultants it is necessary to include climate 
change considerations into their terms of reference to ensure that climate change impacts 
are appropriately addressed 

(vii) The procedures for monitoring of environmental mitigation measures recommended to 
combat climate change threats need to detailed  

9.4 REVISIONS TO GUIDELINES, MANUALS AND STANDARDS 

The Planning and Design Strengthening Project in 1990 produced a comprehensive set of manuals, 
guidelines and documents presenting the criteria and standards for the design of irrigation systems. 
These were supported by field design manuals for assisting engineers in the Regional and District 
offices to carry out studies and designs for small and simpler medium sized schemes in both the hills 
and terai areas. 

A review of the following relevant manuals was undertaken to investigate where the impacts from 
climate change risk management could be incorporated to update the present guidelines: 

 M3  Hydrology and Agrometeorology 

 M6 Groundwater 

 M7 Headworks, River Training Works and Sedimentation 

 M9 Drainage 

 M11 Infrastructure Planning 

 M13 Operation Maintenance and Management 

 D2 Field Design Manual in Three Volumes 

Table 9.2 summarizes the key points that need to be considered for effective revision of these 
Irrigation guidelines relating to specific assets and the need to provide maintenance during their 
lifetime. 
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Table 9.2: Climate-Induced Threats that could Influence the Irrigation Planning and Design 

Climate 
Change 
Threat 

IRRIGATION 

Change in 
Environmental 

Condition 
Design Implications Required design changes 

Temperature 
change 

Rising maximum 
temperatures in 
summer; and higher 
minimum 
temperatures in 
winter;  temperatures 
rising with a narrowing 
of the temperature 
range over the year;  

Need to check 
evapotranspiration (ETo) 
calculations to take account 
of temperature changes. 
Original use of old 
CROPWAT programme and 
reference to FAO Paper24 
now outdated 
(Refer to Manuals M3and 
D2) 

New knowledge has enlightened 
processes underlying the 
relationship between crop yield 
and water use and the needs to 
conserve water in agriculture, 
resulting from climate change 
impacts.  
 
FAO’s latest Paper 66 (2012)has 
updated the approach to 
quantify crop yields in response 
to water use and water deficit 
and is supported  by a crop 
simulation model named 
AquaCrop, for optimize the 
cropping system in terms of crop 
and cultivar choice, planting 
time, and irrigation schedule for 
a given soil-climate combination 
where water is limiting.  
 
This is complimented by a new 
downloadable programme  from 
FAO called The ETo Calculator 
(Version 3.2, 2012) 

Changing 
precipitation 
levels 

One day rainfall 
increasing during the 
year and reducing 
irrigation water 
requirement.  
However  reducing 
during winter so 
increasing irrigation 
water requirement  
 
 
 
Intensity of rain during 
storms increasing soil 
erosion, 
sedimentation in 
rivers, landslide risks 
and internal drainage 
congestion 

80% daily dependable 
rainfall used in irrigation 
water requirement 
scheduling will need 
revising.  
 
 
 
 
 
 
 
Revision required to 3day 
rainfall event or 1:10 year 
return period event as used 
in local drainage flow 
estimates for internal 
drainage designs in the terai 
and the 1 day rainfall events 
as used for drain designs in 
the hills. 
(Refer to Manuals M3, M7 
and D2) 

The revised 80% dependable 
daily rainfall figures will need to 
be incorporated with new ETo 
values in the calculation of 
irrigation water requirements. 
 
 
 
 
 
 
 
For estimating flood flows at 
cross drainage structures the 
1:50 year return period flood 
event will increase. The new 
values will need incorporating in 
the regression technique for 
catchments >100km

2
 and soil 

conservation chart method for 
catchments < 100km

2 
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Climate 
Change 
Threat 

IRRIGATION 

Change in 
Environmental 

Condition 
Design Implications Required design changes 

Change in 
river flow 
values 

Mean monthly flow 
values will increase 
particularly in the pre-
monsoon period and 
peak values will 
increase during the 
monsoon. 
 
Design period flood 
events will rise result 
in rising water levels 
and flooding and 
increases in sediment 
carried in the rivers  

80% dependable river flows 
will increase making 
interpolation of results 
from the existing 
dimensionless hydrographs 
for the seven regions using 
the MIP method obsolete. 
 
Increases in flood flow 
events and associated 
sediment carried in the 
river will necessitate better 
gate controls at the intake 
and a review of sediment 
exclusion devices provided 
(Refer to ManualsM3, M7, 
M11 and D2) 

The revised 80% dependable 
river flows should be able to be 
estimated from the outputs of 
the downscaling climate change 
model. These will need to be 
incorporated into a new 
irrigation water balance and 
scheduling regime. 
 
1:100 year flood events are 
predicted now to occur over a 
much shorter return period. 
Evaluation will be required as to 
whether a structure will need 
modification or alternative 
emergency paths provided for 
passing the extreme floods  

Landslides Higher intensity 
rainfall events  
coupled with poor 
drainage facilities will 
result in greater 
landslide risk 

The increases in the 1:100 
year 10min rainfall intensity 
values will result in higher 
runoff figures and greater 
risk of landslides in hilly 
areas, particularly along the 
main canal and terraces in 
the command area 
Refer to Manuals M3, M7, 
M8, M11 and M13) 

In landslide prone areas provide 
drainage facilities down the 
slopes with a catch drain 
constructed across the top of 
the slope. The slopes to be 
protected with brush wattles 
and vegetation. 
 
Minimise cutting into steep 
slopes when constructing 
irrigation infrastructure and 
placing open hard rectangular 
sections.  
 
Look at the alternative of using 
flexible HDPE pipework   

9.5 MODIFIED VULNERABILITY ASSESSMENT TOOLS FOR THE IRRIGATION SECTOR 

The vulnerability assessment process presented in the general guidelines document requires 
application of general judgments to rate the exposure, sensitivity and adaptive capacity of a 
particular asset to climate change threats. When auditing existing irrigation systems and to help in 
making judgments more objective when applied to the irrigation sector separate specific tables are 
proposed to assist in the parameter scorings used to derive the overall vulnerability status. These 
are prepared separately for each of the three main components of an irrigation system, namely the 
intake structure, the main canal conveyance structure and the command area. This will ensure that 
there is a degree of uniformity and transparency in the process. 

For assessing the exposure of the particular irrigation component, climate threats relating to 
increases in temperature storm intensity and river flows are considered relevant to the three main 
cropping seasons. For assessing the sensitivity the status and suitability of the principal components 
are considered together with their design suitability against withstanding the appropriate projected 
climate threat.  

By combining the cumulative exposure and sensitivity scores the impact of a particular component is 
assessed.  
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The adaptive capacity assessment considers the materials, technology, institutional and financial 
resources and community involvement available at each component site to respond to the climate 
threat. This is evaluated through a scoring system to ascertain the adaptive capacity varying from 
very low to very high. 

By combining the cumulative impact and adaptive capacity scores the vulnerability of a particular 
component is assessed. Annex B gives examples of the format of the tables proposed and which are 
still to be further developed in conjunction with DOI staff. 
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ANNEX I :  DISTRICT CASE STUDY VULNERABILITY 
ASSESSMENT SUMMARIES  
TABLE 1: BANKE DISTRICT VULNERABILITY SUMMARY 

  IRRIGATION SYSTEMS ANALYSED 

  

Kiran Nala 
Chisapani 
Naubasta 

Chisapani 
Deep 

Tubewell 
No3 

Binauna 
Shallow 

Tubewell 
Cluster 

Climate Threat 
Priority Asset 

Affected 
Vulnerability Assessment 

1. Increased 
Temperature Command Area 

M M M M 

2. Increased Rainfall Command Area L L L L 

3. Increased River 
Flows 

Intake 
Structure 

M H   

4. Flash Floods 
Intake 
Structure 

M VH   

5. Water Table 
Levels Rise Tubewell 

  L L 

6. Storms Command Area H H H H 

7. Drought Command Area M M M M 

8. Landslides Main Canal  M   
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TABLE 2: Chitwan DISTRICT VULNERABILITY SUMMARY 

  
IRRIGATION SYSTEMS 

ANALYSED 

  
Pithuwa 

Riu Tamta 
Ghaghar 

Climate Threat 
Priority Asset 

Affected 
Vulnerability Assessment 

1. Increased 
Temperature Intake 

M M 

2. Increased Rainfall Command Area M M 

3. Increased River 
Flows Intake Structure 

H H 

4. Increased Flash 
Floods Intake Structure 

VH H 

5. Drought Command Area H H 
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TABLE 3: MUSTANG DISTRICT VULNERABILITY SUMMARY 

  
IRRIGATION SYSTEMS 

ANALYSED 

  Thini Syang 

Climate Threat 
Priority Asset 

Affected 
Vulnerability Assessment 

1. Increased 
Temperature Intake 

M M 

2. Increased Rainfall Command Area H H 

3. Increased River 
Flows Intake Structure 

VH H 

4. Increased Flash 
Floods Intake Structure 

VH H 
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TABLE 4: KATHMANDU DISTRICT VULNERABILITY SUMMARY 

  IRRIGATION SYSTEMS ANALYSED 

  
Bisambhara 

Sankhu 
Raja 
Kulo 

Mahankal 
Syuchatar 

NITP 

Climate Threat Priority Asset Affected Vulnerability Assessment 

1. Increased 

Temperature 
Command Area 

M M M M 

2. Increased / 

Decreased 

Rainfall 

Command Area 

L L L L 

3. Increased River 

Flows 
Intake Structure 

M M H  

4. Flash Floods 
Intake Structure H H H  

Superpassage/Aqueduct M VH H  

5. Storms Command Area M M M H 

6. Landslides 
Main Canal/Command 
Area 

M H VH H 
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TABLE 5: DOLAKHA DISTRICT VULNERABILITY SUMMARY 

 IRRIGATION SYSTEMS ANALYSED 

  
Hill Thali Rampa 

Bhote 
Khola 

Bhalu 
Khola 

Climate Threat Priority Asset Affected Vulnerability Assessment 

1. Increased 
Temperature Command Area 

L M M M 

2. Increased Rainfall Command Area  L L L 

3. Increased River 
Flows Intake Structure 

H M   

4. Flash Floods Intake Structure H VH VH  

 Main Canal H    

 Superpassage/Aqueduct  VH   

5. Storms Intake Structure    H 

 

Command Area M M L H 

6. Drought Command Area  M   

7. Landslides Intake Structure VH    

 Main Canal  VH VH  

 Command Area VH    
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TABLE 6: PANCHTHAR DISTRICT VULNERABILITY SUMMARY 

  IRRIGATION SYSTEMS ANALYSED 

  Subang Khola Lamichanedhar 

Climate Threat 
Priority Asset 

Affected 
Vulnerability Assessment 

1. Increased 
Temperature Intake 

M M 

2. Increased 
Rainfall 

Command 
Area 

H H 

3. Landslides Main Canal VH H 
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ANNEX B:  SPECIFIC VULNERABILI TY ASSESSMENT 
MATRIX TABLES  
TABLE 1 EXPOSURE ANALYSES at INTAKE STRUCTURE 

CLIMATE THREAT 
 STRESS ON ASSET 

PARAMETER Winter Pre-Monsoon Monsoon 

River flow increases 0-50% Very Low1 Low2 Medium3 

50-100% Very Low Low Medium 

>100% Very Low Medium High 

River flow decreases 0-50% High4 High5 Medium6 

50-100% High High Medium 

>100% Very High Very High High 

Flash flood (due to 
increase in high intensity 
storm) 

0-50% Low 7 Low8 Medium9 

50-100% Low Medium High10 

>100% Low High Very High 
 

                                                           
1 Benefit as river flows already low 
2 A partial benefit as maximum water demand period 
3 Could increase sediment load entering intake 
4 Reduced irrigation water for winter crops as river flows already low 
5 Reduces irrigation water availability during peak water demand 
6 Not so critical as water flows already high 
7 Benefit as river flows already low 
8 Additional flows helpful as peak water demand period 
9 Likelihood of sediment blocking intake 
10 River flow already high so risk of damage high 
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TABLE 2 EXPOSURE ANALYSES at CONVEYANCE STRUCTURE 

CLIMATE THREAT 
 STRESS ON ASSET 

PARAMETER Winter Pre-Monsoon Monsoon 

Landslide along canal 
alignment (due to storm 
intensity increase) 

0-50% Medium 1 Low2 Medium3 

50-100% Medium Medium High 

>100% Medium High Very High 

Cross drainage flash 
flood increase (due to 
high intensity storm) 

0-50% Low4 Very Low5 Medium6 

50-100% Low Low High 

>100% Low Medium Very High 
 

                                                           
1 Landslide threat possible as still high water table 
2 Landslide threat minimal as water table lower 
3 Landslide threat greater as soil already saturated  
4 River flows already low 
5 River flows at their minimum values 
6 River flows already high and sediment transport increases 
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TABLE 3 EXPOSURE ANALYSES within COMMAND AREA 

CLIMATE THREAT 
 STRESS ON ASSET 

PARAMETER Winter Pre-Monsoon Monsoon 

Temperature change -20 to 00C High1 Low2 Very Low3 

00 to 20C Medium Medium Medium 

>20C Medium Very High4 Very High 

Rainfall change -50-0% Medium5 Very High6 High7 

0-50% Low 8 Medium9 Medium10 

50-100% Low Low Low 

High intensity storm 
increase 

0-50% Low 11 Low12 Medium13 

50-100% Low Medium High 

>100% Low High Very High 

Internal field drainage 
flows increase 

0-50% Low14 Very Low15 Medium16 

50-100% Low Very Low High 

>100% Low Low Very High 

                                                           
1 Change of crop possibly required altering water requirements 
2 Irrigation water requirement could be reduced  
3 Irrigation water requirement substantially reduced 
4 Significant increase in irrigation  water requirement 
5 Increase in irrigation water requirement required 
6 Significant as already high irrigation water requirement period and could instigate drought 
condition 
7 Less likelihood of drought conditions as some rainfall already occurs 
8 Reduces irrigation water requirement 
9 A partial benefit as irrigation water requirements at their highest 
10 Not so significant as rainfall already high 
11 Landslide threat possible as still high water table 
12 Landslide threat minimal as terraces dry and water table lower 
13 Landslide threat greater as soil already saturated  
14 Internal drainage flows already low 
15 Internal drainage flows at their minimum levels 
16 Internal drainage flows already high and land saturated 
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TABLE 4 SENSITIVITY ANALYSES at INTAKE STRUCTURE 

COMPONENT STATUS 
MAIN CLIMATE THREATS 

Decreased Base 
Flows 

Increased 
River Flows 

Flash Floods 

Control 
Structure 
Across River 

No structure Very High1 Medium2 Medium3 

Traditional rock weir Medium4 High5 Very High6 

Damaged weir Medium High7 Very High 

Good condition weir Low8 Low Medium9 

Main Canal 
Headworks 

No formal structure High10 High11 Very High12 

Traditional intake Low High13 Very High 

Structure without gates Low High Very High 

Structure with gates Very Low14 Low15 Low 

Sedimentation 
Control 
Structure 

No scouring sluice in front 
of intake 

Very Low16 High17 Very High18 

No gravel trap or 
sedimentation basin 

Very Low High Very High 

Sediment basin flushing 
structure without gates 

Very Low Medium19 High20 

Structure with gates Very low Low Low 
 

                                                           
1 All water may bypass intake 
2 Water still likely to enter intake 
3 Some water may still enter intake 
4 Extra work needed to divert water 
5Structure more susceptible to damage  
6 Structure could be washed away 
7 Existing damage could be made worse 
8 Design should cater for low flows 
9 Siltation or scouring abrasion could damage weir 
10 May be difficult for water to enter canal  
11 Too much water may enter canal 
12 Intake blocked by sediment and debris 
13 Structure susceptible to damage 
14 Good control of water entry 
15 Able to control water entry 
16 Little sediment to remove 
17 Increased sediment load entering canal 
18 Very High sediment loads entering canal 
19 Have limited control on removing sediment 
20 Even more important to have gates to control sediment removal 
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TABLE 5 SENSITIVITY ANALYSES at CONVEYANCE STRUCTURES 

COMPONENT STATUS 

MAIN CLIMATE THREATS 

Increased  
temperatures 

Flash floods in 
cross drainage 
channels 

High intensity 
storms creating 
landslides risks in 
hilly areas 

Main Canal 
Alignment 

Earth lined High1 High2 Very High3 

Brick lining Medium4 Low5 Very High6 

Concrete lining Medium Low Very High 

Pipelines Medium7 Medium8 Low9 

Aqueduct over 
cross drain 

Piers in cross drain  Low High10 Low11 

Side abutments  Low High12 Medium13 

Free span structure Medium14 Medium15 Low 

Super passage 
under cross 
drain 

With open channel Very Low16 Very High17 Low 

With covered channel Low High18 Low 

With syphon Low19 Medium20 Low 

                                                           
1 Seepage losses are higher associated with increased irrigation requirements 
2 Scouring of channel if floods enter main canal 
3 Saturated up slopes to canal could encourage soil erosion and land slips 
4 Seepage losses reduced when associated with increased irrigation requirements 
5 Main canal section protected against scouring if floods enter 
6 Debris falling into canal section blocking it as well as landslip hazard 
7 Exposed pipelines more susceptible to thermal degradation  
8 Debris blocking pipe if floods enter main canal  
9 Flexibility in replacement if damaged by landslip 
10 Scouring around base of piers 
11 Little effect 
12 Scoring around base of abutments 
13 Cross drain side slopes sliding near abutment 
14 Long spans susceptible to increased thermal expansion 
15 Depends on free clearance above cross drain  
16 Little effect 
17 Easy for flood water to enter canal depositing sediment 
18 Flood water could still enter canal if structure not wide enough 
19 Bigger structure may be more susceptible to thermal expansion 
20 Problem with sediment blocking syphon if flood water enters  
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TABLE 6 SENSITIVITY ANALYSES within COMMAND AREA 

COMPONENT LOCATION 
MAIN CLIMATE THREATS 

Increased 
temperatures 

High intensity 
storm events 

Flash floods in 
drains 

Terraces Steep Hilly Areas Very low1 High2 High3 

Middle Hills / Tars Low4 High Medium5 

Terai Low Low Medium 

Internal Drainage Steep Hilly Areas Low6 High7 Very High8 

Middle Hills / Tars Low Medium High 

Terai Low Medium High9 

Crops Steep Hilly Areas Medium10 High11 High12 

Middle Hills / Tars Medium  Medium13 High 

Terai Medium Medium High14 

                                                           
1 Smaller terraces so water warms up more quickly 
2 Small terraces and more likely to be overtopped 
3 Greater risk of soil erosion and landslides 
4 Terraces larger and water warming affect less apparent 
5 General topography less steep so landslide threat reduced 
6 Little effect  
7 Drainage channels could be overwhelmed quickly by large runoff 
8 Steep slopes to the drainage channels will erode their beds  
9 Flat slopes will cause backing up of flood water into fields 
10 Higher ETo Increasing water demand 
11 Greater exposure to wind and rain impacts 
12 Erosion of terraces creating larger landslide hazard  
13 Wind and rain damaging crops 
14 Floods over spilling drainage channels to inundate crops  
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TABLE 7 ADAPTIVE CAPACITY MATRIX SCORING SYSTEM 

STATUS 
COMPONENT AVAILABILITY 

Absent Partial Fully present 

Availability of materials1 1 2 3 

Access to technical resources2 1 2 3 

Institutional policies and procedures in place3 1 2 3 

Water user group commitment4 1 2 3 

Access to financial resources5 1 2 3 

 

Adaptive Capacity classified according to the following total scoring from the above table: 

TOTAL SCORE ADAPTIVE CAPACITY  

5 Very Low 

6 - 8 Low 

9 - 11 Medium 

12 - 14 High 

15 Very High 

  

                                                           
1 Necessary for implementing any remedial works 
2 Necessary to design any remedial works 
3 Needed to guide correct application of works 
4 Required to show they want to improve and maintain works 
5 Necessary budgets have to be in place 
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ANNEX I I I :  GLOSSARY  
Adaptation: – A process by which strategies to moderate, cope with and take advantage of the 
consequences of climatic events are enhanced, developed, and implemented. Adaptation measures 
may be used to increase the resilience of infrastructure and other assets to withstand increasing 
intensity and frequency of climate events. Adaptation might include more regular and effective 
maintenance and protection measures, through to redesign and rerouting to avoid potential 
impacts. Adaptation may also include building the capacity of the people and institutions to prepare 
for and respond to the impacts of extreme events.  

Adaptation Deficit: – Those measures which need to be taken to address the known impacts from 
past climate variability and extreme events irrespective of climate change, but which would build 
resilience to future conditions. It includes many actions required as basic ingredients of good 
development such as maintenance of drainage systems, effective sediment trapping in irrigation 
schemes and use of bioengineering methods to strengthen slopes and banks associated with roads 
and dykes.  

Adaptive Capacity: – The ability to adjust to climate change (including climate variability and 
extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the 
consequences. One way to enhance adaptation is by building ‘adaptive capacity’.  

Asset: – A resource with economic value that an individual, community, corporation or country owns 
or controls with the expectation that it will provide future benefit. In the context of adaptation 
planning, an asset is any piece of infrastructure or resource for which a sector department has 
responsibility for its construction and maintenance, and for ensuring its long term sustainability. 

Baseline: – The baseline is the state against which change is measured. | A guide for building 
resilience to climate change in infrastructure | 

Basin: – The drainage area of a stream, river or lake. 

Capacity Building: – In the context of climate change, capacity building is developing the technical 
skills and institutional capabilities to enable active participation in all aspects of adaptation to, 
mitigation of, and research on climate change. 

Climate: – Is usually defined as the ‘average weather’, or more rigorously, as the statistical 
description in terms of the mean and variability of surface variables such as temperature, 
precipitation, and wind.  

Climate Change: – Refers to any change in climate over time, whether due to natural variability or as 
a result of human activity. 

Climate Variability: – Refers to variations in the mean state and other statistics (such as standard 
deviations, statistics of extremes, etc.) of the climate on all temporal and spatial scales beyond that 
of individual weather events. 

Downscaling: – A method that derives local- to regional-scale (10 to 100 km) information from 
larger-scale models or data analyses. 

Drought: – The phenomenon that exists when precipitation is significantly below normal recorded 
levels, causing serious hydrological imbalances that often adversely affect land resources and 
production systems. 
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Effectiveness: – The effectiveness of a proposed adaptation action to address a potential impact can 
be measured by assessing whether it will eliminate the impact completely, whether it will reduce the 
impact and by how much and whether it will take some time to become effective. 

Erosion: - The process of removal and transport of soil and rock by weathering, mass wasting, and 
the action of streams, glaciers, waves, winds and underground water.  

Exposure: –. In the context of climate change is limited to potential climate threats. The exposure 
may depend upon the relevance of the threat (e.g. increase in temperature) to the type of asset, and 
the extent to which the threat will increase (e.g. in intensity and frequency) 

Feasibility: – is a measure of how feasible an adaptation measure may be – whether it is technically 
feasible, whether there is sufficient time and materials available to do the work 

Flash Flood: - A rapid flood event occurring over a short period of time caused by heavy intense rain 
associated with a storm event in an upstream catchment  

Hazard: – An existing source of danger that may cause harm, damage or loss, or poses a danger to a 
system vulnerable to the hazard. A hazard may be a static physical obstruction, such as a landslide, 
or it may be a temporary danger, such as strong winds from a storm.  

Impact assessment: – The practice of identifying and evaluating, in monetary and/or non-monetary 
terms, the effects of climate change on natural and human systems. 

Impacts: – The effects of climate change on natural and human systems or assets. For example, 
climate change can result in less rainfall, which will inhibit crop growth. This is either because it 
means less water falling on plots, less groundwater recharge, or less water in streams from which 
water is taken to irrigate crops.  

Increased River Flow: - An increase in the quantity of water flowing down a river course due to 
increased rainfall events creating larger runoff events from land surfaces than had previously been 
experienced at that particular time of year 

Infrastructure: – The basic equipment, utilities, productive enterprises, installations and services 
essential for the development, operation and growth of an organisation, city or nation. 

Landslide: – A mass of material that has slipped downhill by gravity, often assisted by water when 
the material is saturated; the rapid movement of a mass of soil, rock or debris down a slope. 

Likelihood: –The likelihood of an impact is a combination of the probability of climatic events 
happening and that these events will have the predicted impact. 

Mitigation: – An anthropogenic intervention to reduce the anthropogenic forcing of the climate 
system; it includes strategies to reduce greenhouse gas sources and emissions and enhancing 
greenhouse gas sinks. 

Mitigation measures: - Used to address environmental and social impacts of developments. 

Resilience: – The ability of a social or ecological system to absorb disturbances while retaining the 
same basic structure and ways of functioning, the capacity for self-organisation, and the capacity to 
adapt to stress and change. 

Risk: – The probability quantifiable damage, injury, liability, loss, or any other negative occurrence 
that is caused by a threat or hazard. The risk can be reduced through adaptation and addressing the 
impacts, even if the threats of climate change and the hazards they bring remain the same.  
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Risk Management Framework: – The overall system for managing the impacts resulting from 
climate change and extremes of climate involving identifying the climate threats to a structure or 
asset, assessing the vulnerability and potential impacts, and then developing adaptation options and 
plans for its protection. 

Sensitivity: – Is the degree to which a system is affected, either adversely or beneficially, by climate 
variability or change and evaluated by its design effectiveness, materials used, construction quality 
and the levels of maintenance and protective systems required.  

Seriousness: – The seriousness of an impact is a measure of what would happen if the impact 
occurred. This might include loss of life, the damage to the asset and how long it would take to 
repair, the loss of the services provided by that asset, and the economic implications.  

Significance: – The extent to which something (the impact) matters; its importance. In a risk 
management framework the significance of the impact is assessed from a consideration of the 
likelihood that it may occur with the seriousness of the impact. 

Stakeholder: – A person or an organisation that has a legitimate interest in a project or entity, or 
would be affected by a particular action or policy. 

Storm: - A meteorological event associated with intense rainfall, high winds, hail, thunder and 
lightning leading to negative impacts on lives and infrastructure. 

Streamflow: – Water flow within a river channel, for example, expressed in m3/s.  

Surface runoff: – The water that travels over the land surface to the nearest surface stream. 

Threat: – Something that may cause damage or harm (to the asset) in the future, such as the threat 
of landslide posed by the combination of heavy rains and a steep, unstable slope  

Vulnerability: – Vulnerability is the degree to which a system is susceptible to, and unable to cope 
with adverse effects of climate change (i.e. threats and hazards), including climate variability and 
extremes. Vulnerability is a function of the character, magnitude, and rate of climate change and 
variation to which a system is exposed, its sensitivity, and its adaptive capacity. 
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ANNEX IV:  WORKSHOP FEEDBA CK 
The principal components in the first draft of this synthesis report were presented at a workshop on 
the 22/23 September 2014 by Vinay Koirala, SDE, Head of the Social Environment and Climate 
Change Section of the Department of Irrigation. The presentation was well received by MOSTE 
officials and feedback was received from them on the following four issues only. Responses given are 
also documented below. 

Issue Feedback from MOSTE Response by Team 

1. Developing specific 

vulnerability assessment 

matrix tools for the irrigation 

sector. 

These were considered useful 
and appropriate to enable 
better evaluation of the 
specific threats to irrigation 
systems 

More work is however still 
required on these to refine the 
matrix criteria for each irrigation 
component 

2. The Environmental Protection 

Act and Environmental 

Protection Rules should 

stipulate that all EIAs and IEEs 

should include a section on 

potential climate change 

impacts 

This issue is already being 
addressed 

This will be followed up 

3. Vulnerability of irrigation 

systems to damage by 

increased return period 

floods 

Disaster risk management 
analyses should also be 
considered in the adaptation 
planning 

In fact this is already considered 
as part of the adaptation 
measures that are proposed in 
making irrigation systems more 
resilient to flood impacts 

4. Case study vulnerability 

assessments on critical 

irrigation assets 

Groundwater projects should 
have been considered in the 
vulnerability assessments 

In fact two groundwater systems 
were evaluated in as part of the 
Banke District case studies. One 
a deep tube well and another as 
part of a shallow tube well 
cluster 
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ANNEX V:  L IST OF GOVERNMENT OFFICIALS  
PARTICIPATING IN  TIFFIN TALK AND 
ROUND TABLE MEETINGS   

No. Name Position/Organization 

1 Shiv K Sharma Director General , Department of Irrigation 

2 Madhav Belbase Deputy Director General,Department of Irrigation 

3 Sushil chandra Tiwari  
Deputy Director General, Department of 
Irrigation 

4 Ashish B. Khanal 
Senior Divisonal Engineer, Department of 
Irrigation 

5 Vinay Kumar Koirala  
Senior Divisonal Engineer,Department of 
Irrigation 

6 Ashok Singh PD, WRPPF, Department of Irrigation 

7 Sashi Bahadur Bisht 
Project Director, IWRMP, Department of 
Irrigation 

8 Satya Bahadur Budhathoki  Senior Sociologist, Department of Irrigation 

9 Sangita Singh  Senior Sociologist, Department of Irrigation 

10 Pramila Adhikari  Engineer, Department of Irrigation 

11 Pratikshya Neupane  Engineer, Department of Irrigation 

12 Alka Subedi Engineer, Department of Irrigation 

13 Subarna Khanal Engineering Geologist, Department of Irrigation 

14 Dilip k. Bishwarkma  Engineer, Department of Irrigation 

15 Ezee G.C  Engineer, Department of Irrigation 
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No. Name Position/Organization 

16 Shristi Shrestha Engineer, Department of Irrigation 

17 Sanu Maiya Shrestha  Department of Irrigation 

18 Dhurba Prasad Acharya Department of Irrigation 

19 Kaushal Kishore Jha Department of Irrigation 

20 Sundar P Sharma Department of Irrigation 

21 Rajendra P. Sharma Department of Irrigation 

22 Birat Gyawali Department of Irrigation 

23 Mohan Pd Sangroula Department of Irrigation 

24 Tek Bahadur Karki Department of Irrigation 

25 Pradeep Thapa Department of Irrigation 

26 Kishore K Bhattarai NITP 

27 Laxman Upreti NEFEJ 

28 Netra Prasad  Bohara CRID 
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