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Glossary 

 

Chhusups Water caretakers 

Chhuzhing Levelled bunded terrace, also known as wet land 

Dzongkhag(s) Administrative unit ï District 

DzongkhagTshogdu District Development Committee 

Gewog(s) Administrative unit ï Block 

GewogTshogde Block Development Committee 

Kamzhing Sloping unbunded terrace (dry land) 

Khimsa Homestead (residential land) 

Nu Ngultrum (Bhutanese currency) 

Zhaptolemi Voluntary labor 

  

Definition: improvement of existing irrigation systems 

Modernization  It refers to improvement of existing irrigation systems with a focus to 

expand its irrigated area utilizing existing water source.  It thus requires 

re-engineering of existing infrastructure with appropriate technology. 

Renovation It refers to improvement of existing irrigation systems with a focus to 

increase its irrigation efficiency and thereby cropping intensity.  It does 

not require re-engineering of existing infrastructure.  The focus will be 

more on dry season irrigation with appropriate technological and 

institutional inputs. 

Bottleneck repair It focuses on providing support for bottleneck repair of existing irrigation 

systems on piece meal basis. 

 

Units of measurement and conversion 
 

Acre Measure of land areas.  
One acre = 0.404686 ha 
One ha = 2.47105 acres 
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Executive summary 

The National Irrigation Master Plan (NIMP) of Bhutan is one of the main outputs of the TA 8623 ñAdapting to 

Climate Change Through Integrated Water Resources Managementò funded by the Government of Bhutan 
with support from the Asian Development Bank (ADB) and Japan Funds for Poverty Reduction. Other key 

outputs are: National Integrated Water Management Plan (NIWRMP), River Basin Management Plan 

(RBMP) for Wangchu Basin, and Strengthened Water Resources Governance. The TA 8623 was 

implemented between September 2014 and April 2016. 

The main objective of the NIMP is to present a 15-year action plan and roadmap for the development of 

climate adaptive irrigation systems and irrigated agriculture in the country to help attain broad agriculture 

sector goals of food and nutrition security and enhanced rural incomes. 

Preparation of the NIMP followed a participatory process of consultations composed of four stages. The first 

stage focused on assessments of the baseline situation and enabling environment, which was followed by 

an examination of available resources, mainly land and water. The second stage focused on irrigation 

planning to be achieved by harmonizing available resources, crop choices, and irrigation technologies. This 

was followed by a stage of intervention design and preparation of a roadmap for the development of climate 

adaptive irrigation systems and irrigated agriculture in the country. Finally, an investment plan was prepared 

through consultations with stakeholders. 

The NIMP contains two parts and 14 chapters. The first part, consisting of seven chapters, presents the 

assessment of the baseline situation, enabling environment and available resources (land and water). 

Chapters 8 to 10 present the road map for irrigation and institutional development. Chapter 11 presents 

possible irrigation technologies following international best practices. Chapters 12 to 14 present pipeline 

projects and subprojects for irrigation development, project costing, benefit assessment, investment plan, 

economic evaluation, M&E plan, and recommendations. The chapters are summarized in the paragraphs 

below. 

Assessment of the agriculture sector in Bhutan 

Agriculture in Bhutan is largely subsistence-oriented, with low input/low output farming systems. It is 

characterized by the general integration of crop production with livestock rearing providing some farm inputs 

such as manure for fertilization. The extent of this integration, however, varies with the altitude and agro-

ecological zones. Cropping systems are primarily mono-cropping with average cropping intensity slightly 

above 100%. 

Cultivated land in Bhutan is broadly categorized into two types: Kamzhing and Chhuzhing. Kamzhing is a 

sloping, unbunded terrace where rainfed crops like maize, potato, millet, buckwheat, and orchards are grown. 

Chhuzhing is a leveled, bunded terrace where summer paddy is grown as the main staple crop. Chhuzhing 

can be irrigated or rain-fed. Of the several crops grown, paddy (rice) is the most important and preferred 

staple crop in Bhutan. As a result, production of paddy is also synonymous with food security, and has 

become an important national goal. 

The planned development of Bhutanôs agriculture sector began in the 1960ôs with the start of the first five-

year plan in 1961. At that time, development activities were managed by the Ministry of Agriculture and 

Forestry. Later, early into the 9th Five-Year Plan (FYP) (2002-2008), development tasks were devolved from 

the central level to the Dzongkhags and further down to the Gewogs. This devolution also reshaped the 

development outlook, and investment in the agriculture sector declined gradually. As a result, the production 

of major cereals and their contributions to GDP have also declined, although some high value crops have 

seen their production and contribution to GDP increase. 

In 2008, Bhutan went through a food crisis, which created a sense of urgency for the government to revitalize 

its food security policy. Since then, the country has re-embarked on a food and nutritional security policy with 

increasing investment in the agriculture sector. 
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Despite an increase in investment, Bhutan faces several challenges for agriculture development. These 

include: (a) lack of irrigation facilities and weakening public sector irrigation development capacity, (b) 

fragmented and declining areas under crop cultivation, (c) labor shortages (d) low agricultural productivity 

(e) wildlife depredation of crops (f) cheap imports from India (g) poor agricultural support services and (h) 

climate change.  

However, Bhutan also has several opportunities for developing irrigated agriculture. These include: (a) 

existence of high-level political commitment, (b) availability of land and water resources, (c) increasing 

cultivation of high value crops and agricultural mechanization, and (d) unlimited markets in neighbouring 

countries. 

Irrigation in Bhutan 

Until recently, irrigation development in Bhutan was the result of the farmersô own initiatives and investments 

in the construction and management of traditional irrigation systems through the use of local resources and 

knowledge. These systems are called here community managed irrigation systems (CMIS). Over 1200 CMIS 

exist in the country, of which about 1000 systems are currently functional and irrigate about 64,248 acres of 

land. 

The Governmentôs involvement in irrigation development started with the 2nd FYP in the late 1960s. Since 

then, a couple of large-scale irrigation systems were built through donor assistance, which presently are also 

being managed by the communities. 

Most of the existing CMISs are run-of-the-river types. They draw water from the second or third order tributary 

rivers whose flows depend almost exclusively on monsoon rains. Their infrastructure is generally in a poor 

state. Leaking earthen canals, frequent damage by landslides, inappropriate structures, and increasing 

competition over the use of water in some locations are some of the common problems encountered. CMIS 

infrastructure is exposed to deterioration by even slight increases in river floods and landslides caused by 

climatic variability, mainly rainfall patterns. These systems are thus highly susceptible to climate change 

effects. 

Public sector institutions for irrigation development 

The Engineering Division of the Department of Agriculture is tasked with the planning and development of 

irrigation systems throughout the country. Currently, this division is involved in the design of new irrigation 

systems and major rehabilitations of existing ones. However, its present capacity is limited as the engineering 

division does not have a specified irrigation section with specialized irrigation professionals.  

In each district (Dzongkhag), there is an engineering division responsible for designing and implementing 

various kinds of engineering projects, including irrigation works. However, the kinds of irrigation works that 

are undertaken directly by the district administrations are limited to maintenance and repair of irrigation 

canals.   

Prevailing policies and regulatory system 

There is no dearth of national policies and regulatory systems in Bhutan for managing natural resources and 

irrigated agriculture. All of these policies are designed to support the countryôs overall development 
objectives of Gross National Happiness (GNH) that refer to peace, happiness and quality of life in more 

holistic and psychological terms. Further, most development policies in Bhutan are pro-environment with a 

focus on the protection and conservation of natural resources  Some of the relevant policies in relation to 

NIMP are: Bhutan water policy (2013), Food and Nutrition Security (FNS) policy (2014),National Land policy 

(2010), Irrigation policy (1992 and 2012), and Livestock sector development policy (2012) 

The Bhutan Water Act (2011), Water Regulation (2014), and Bhutan Land Act (2007) are related regulatory 

frameworks. 
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Some of the key policy principles that guide the preparation of the 15-year irrigation development roadmap 

of the NIMP are to: (a) enhance food and nutritional security of the country within the framework of existing 

land uses policies, (b) diversify irrigation for irrigating Kamzhing, (c) provide assured irrigation for Chhuzhing, 

and (d) optimize water utilization within the framework of IWRM. 

Gaps in policy principles and/or implementation mechanisms have been noted. For example, although the 

food security and land management policies have clear principles, weaknesses have been observed at the 

level of implementation. Other policy gaps noted are: lack of indicators for monitoring irrigation performance, 

lack of clarity in the formation of water users associations, and a mismatch between irrigation and other 

policies. 

Assessment of land resources 

Land resources are assessed using existing land use and cadastral maps. Analysis suggests that the 

reported cultivated land and cultivable land represent 277,000 acres and 403,000 acres respectively, while 

the 2013 cropped area was only 208,000 acres. 

The irrigation potential of a particular land area is determined by many factors, of which economics is one. 

In the present context, as several combinations of irrigation technologies with crop choices are possible, the 

irrigation potential of cultivable land is very much site specific. It is assumed that about 50% of the cultivable 

land in Bhutan is irrigable. This amounts to about 200,000 acres, while the currently irrigated area is only 

about 64,000 acres. The availability of land is not a constraint for irrigation development in Bhutan. 

Assessment of water availability and demands 

Assessment of water availability through surface runoff is examined at two levels: (a) at the level of existing 

irrigation systems for further development, and (b) at the level of each district. This assessment suggests 

that about 71% of the existing irrigation systems have either abundant or adequate water supply, while 29% 

of them have scarce or inadequate water supply. Thus, 71% of the existing systems can be improved to 

increase irrigated areas and/or cropping intensities, while the remaining systems (29%) can be upgraded 

only through water source diversification. 

The assessment of water availability at the level of a district is performed using a couple of hydrological 

models, of which WEAP (water evaluation and planning) is one. Likewise, irrigation demand is assessed 

with the FAO developed CropWat-8 program using observed metrological data of class A weather stations. 

These assessments suggest that the availability of 80% dependable water at the level of a district will not be 

a constraint for developing new irrigation systems.  

Climate change and impact on agricultural production 

As noted above, CMISs are highly susceptible to changes in seasonal water availability, floods, and 

landslides, which in turns are influenced by anticipated changes in climatic parameters like rainfall and 

temperature. As a result, it is expected that climate change may not only negatively impact rain-fed 

agriculture, but also irrigated agriculture production. 

Further, about three forth of the agricultural land in Bhutan is rain-fed and depend almost entirely on monsoon 

rains for crop production. Hence, the impact of climate change on Bhutanôs overall agricultural production 
may be severe.  

Analysis of available data suggests that agricultural production in Bhutan has not been increasing over the 

past few years. There is a risk that the situation will further deteriorate as a result of climate change. Although 

it is difficult to quantify the impact of climate change, it is predicted that agricultural production may decline 

by 4 to 10% in the future if appropriate measures are not taken to mitigate climate change. 

 

Irrigation planning 
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For the purpose of irrigation planning, Bhutan is first divided into five irrigation zones. Crops are then 

planned for each zone following the national food and nutritional security policy that calls for a more 

diversified crop production system. Features of the irrigation zones, prevailing trends of crop productions 

and their contribution to GDP, and ongoing crop development programs have also been taken into 

consideration for crop planning under the NIMP.  

The main crops planned to be irrigated under the NIMP include paddy, spring maize, winter potato, wheat, 

vegetables, orchards and other cash crops such as pulses, mustard, legumes, cardamom, ginger, chilli, etc. 

In the same way as the planning and sequencing of crops to be grown, the targeted areas for irrigation 

development under the NIMP are estimated based on the food production requirements in line with Bhutanôs 
food and nutritional security policy. Physical targets of the NIMP are for a planning horizon of 15 years (2032). 

They are presented below. 

SN Physical targets of NIMP Unit Baseline (2014) Target (2032) 

1 Achieve food self-sufficiency Paddy % 51 75 

Cereals % 64 80 

2 Irrigated areas (acres)  Acres 64,000 91,000 

3 Crop production Paddy Mt 75,000 145,000 

  Total cereals Mt 170,000 192,000 

Irrigation development roadmap 

In order to achieve the food security targets, an irrigation development road map was designed with the four 

main components as listed below.  

Infrastructure 

development 

This component focuses on building infrastructure for irrigation development. 

Mainly two types of infrastructural projects are planned: (a) existing irrigation 

improvement project (EIIP), and (b) new irrigation development project 

(NIDP)  

Under EIIP, the CMIS irrigating about 64,000 acres will be considered 

through three different modes of interventions aiming to bring an additional 

8,000 acres of new land under irrigation. 

Likewise, depending on the location and types of irrigation technology used, 

three categories of new irrigation development projects are proposed that 

aim to bring an additional 19,000 acres of new land under irrigation. This 

development will be supported by appropriate irrigation technologies 

following international best practices.   

In order to develop climate resilient irrigation systems, the climate change 

component will be mainstreamed in the irrigation planning process. This will 

be done by including a climate change vulnerability assessment at the level 

of the pre-feasibility and feasibility studies of the irrigation systems 

concerned. Proposed sub-projects will be prioritized accordingly based on 

their resilience to climate change. 

Irrigation systems developed under the NIMP will be handed over to the 

respective water user associations (WUAs) for operation and maintenance 

(O&M). However, the Engineering Division of the Department of Agriculture 

(DOA) will also be responsible for providing O&M assistance to technically 

demanding facilities. WUAs will be authorized to collect irrigation fees (IFs) 

from their users. Besides this, a self-sustaining Central Irrigation 



Doc title: National Irrigation Master Plan  

 

 viii 

Maintenance Fund will also be established that will lend collateral, free soft 

loans to WUAs at a low interest rate for maintenance needs.   

Land development 

and agricultural 

mechanization 

project (LDAMP) 

The land development and agricultural mechanization component will be 

implemented in conjunction with other infrastructure projects. It contains 

three main sub-components: 1) land development, 2) agricultural 

mechanization, and 3) on-farm trail development. 

Integrated crop and 

water management 

project (ICWMP) 

This component integrates irrigation management into the crop production 

system. It aims to optimize the agricultural productivity of an irrigation 

system, and at the same time ensure sustainability of the developed 

irrigation infrastructure.  

The ICWMP will be implemented through two different approaches: (a) 

sector-wide approach and (b) project-specific approach. 

Institutional 

development 

Institutional development is a key component of the NIMP. It encompasses 

(a) DOA and its engineering units, (b) local governmental development 

organizations at the district level, (c) irrigation WUAs, and (d) private sector 

irrigation service providers. 

 

In addition to the above, two components are considered under the NIMP: project studies & preparation, and 

implementation support services.  

Long list of infrastructure development subprojects and project costing 

The long list of subprojects for infrastructure development is elaborated from several sources: TA 8623 

questionnaire survey, carry-over list of the 11th FYP, FAO Study 2010, and TA 8623desk study. The costing 

of subprojects is derived from past project experiences. The table below provides the estimated costs of the 

six NIMP components. 

SN Projects Areas 

(acres) 

Cost 

(million 

US$) 

1 Project studies & preparation  6.4 

2 Infrastructure development (including O&M) 91,000 64.85 

3 Land development and agricultural mechanization 15,000 38.2 

4 Integrated crop & water management 33,200 17.4 

5 Institutional strengthening & capacity building (DOA, WUA, District 

units, private service provider)  

 5.75 

6 Implementation support services  7.4 

  Total 140 

Investment plan 

The total NIMP investment will be of about US$140 million for the next 15 years. It is expected that the actual 

implementation of the NIMP will start from the fiscal year 2016/7.This means that the last two years of the 

11th FYP will overlap with the NIMP. As the investment ceiling of the 11th FYP has already been fixed, the 

NIMP planned investments for the first two years are kept in line with the already allocated budget of the 11th 

FYP. The figure below shows the expected annual funds allocation of the NIMPôs investment plan.  
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Benefits on investment and economic analysis 

There are two main types of benefits (returns) on investments: direct and indirect. Direct benefits from 

irrigation relate to an increase in crop production. It is expected that with the implementation of the NIMP, 

overall irrigated cropping intensity will increase from 103% to about 159% with increases in agricultural 

production from 114,425 to 316,724 Mt. 

The main indirect benefits of NIMP include: (a) enhancing food security, (b) creating rural employment 

opportunities, and (c) contributing to further development of the livestock subsector and micro agro-

industries. 

An economic analysis compared two options, one with the proposed investment and one without the NIMP 

or the ñbaseline scenarioò, and presented the economic indicators in terms of numbers as well as in a non-

deterministic fashion, or probabilistically. Statically, the benefit cost (B/C) ratio is above 2 across the entire 

discount range while the net present value (NPV) remained around US$100 million. Even under the worst 

scenario, the NPV still amounts to US$40 million, which still yields a B/C ratio of about 1.5 overall. These 

indicators thus suggest that the NIMP is worth implementing 

Recommendations 

Recognizing that irrigated agriculture cannot be developed efficiently without appropriate agricultural and 

institutional support services, the following recommendations need to be considered in the NIMP: 

¶ Land pooling for mechanized farming 

¶ Proper agriculture support services and agricultural subsidies should be in place 

¶ Public, private, and community participation in the agriculture sector need to be further supported 

¶ Engineering division (DOA) needs strengthening 

¶ As thegovernment aims to limit the size of its civil service, the engagement of the private sector or 

private entities need to be promoted for irrigated agriculture support services 

¶ Possibility of cooperative commercial farming needs to be explored 

¶ Irrigation policy needs revisiting mainly in areas related to (a) irrigation of Kamzhing, (b) private sector 

investment in irrigation, (c) distinction between small and large irrigation systems, and (d) indicators for 

irrigation performance 

¶ Water regulation should address: right of way for canals, categorization of irrigation systems for 
development planning, and non-resident water users. 
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1.  Introduction 

1.1 Country overview 

The kingdom of Bhutan is a landlocked country located in the Eastern Himalayas and sandwiched 

between two giant countries: India on its south, east and west, and China on the north. The country has 

roughly a rectangular shape. Its length along east-west direction is around 300 kilometres (longest), 

while its maximum width in the north-south direction is about 170 kilometres. The total area of the country 

is about 38,394 square kilometres. Administratively and politically, the country is divided into twenty 

districts locally known as Dzongkhags and 205 Gewog (sub-districts).  

1.1.1 Physiography 

Bhutan is predominantly a mountainous country. Its elevation varies between 97 m in the south-east 

corner of the Zhemgang District1 and over 7500 meters high great Himalayas in the north. Traditionally, 

the country is divided into three physiographic regions: high Himalayas, middle mountains and valleys, 

and southern foot hills. Figure 1.1 presents the physiographic map of Bhutan 

Figure 1.1: Physiographic map of Bhutan 

 
Source: ADB TA 8623 

The northern part of the country consists of high Himalayas with an arc of glaciated mountain peaks 

with an arctic climate at the highest elevations. Alpine valleys in this region provide pasturage for 

livestock tended by a sparse population practicing transhumance. 

The middle mountains that range between 1,500 meters and 2,700 meters above sea level are 

southward spurs of the Great Himalayan Range (NSB, 2013). The Black Mountains, in central Bhutan, 

form a watershed between two major river systems, the Mo Chhu and the Drangme Chhu. These rivers 

                                                      
1  At point where the Manas River enters into Assam, India; Refer: http://en.wikipedia.org/wiki/Geography of 

Bhutan 

 

http://en.wikipedia.org/wiki/Geography%20of%20Bhutan
http://en.wikipedia.org/wiki/Geography%20of%20Bhutan
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along with their tributaries have carved out spectacular gorges, terraced hill slopes, and fertile river 

valleys in the lower mountain areas. Most of the settlements in the middle mountains are located in and 

around these terraced hill slopes, and river valleys.  

The southward foothills of the middle mountains, also known as Southern foot hills, or Siwalik Hills 

constitute the third physiographic region of the country. This physiographic region extends from east to 

west and the areas are covered with dense forest, alluvial lowland river valleys, and hills that reach to 

around 1,200 meters above sea level. The foothills descend into the subtropical plain located in India. 

1.1.2 Population 

The estimated population of the country as of 2014 is 745,153 persons out of which 387,520 persons 

(52%) are male and 357,633 (48%) are females. Bhutanôs present population growth rate is about 1.3%. 

It is expected that the countryôs population by 2032 will be close to 900,000 inhabitants. Over 60% of 

this population is engaged in agriculture. As per the 2005 census, the then Bhutanôs urban population 
was around 31%. 

1.1.3 Climate 

Bhutan is typically divided into three climatic zones: subtropical in the southern foothills, temperate in 

middle mountains and valleys, and alpine in the northern part of the country. The subtropical climate of 

the southern areas is commonly hot and humid during the monsoon and chilly during winter, with an 

annual precipitation ranging from 2500mm to more than 5000mm. The temperate zone of the middle 

mountains and valleys is cold in the winter, balmy in spring, hot in summer and mild in fall, with annual 

precipitation ranging between 1000mm and 2500mm. Finally, the alpine climate of the northern area is 

cold throughout the year. Annual precipitations in this area are limited to 500mm to 1000mm.Figure 1.2 

and 1.3 present temperature and rainfall maps of Bhutan, while Figure 1.4 presents the map on 

reference crop evapotranspiration (ET0) 

Figure 1.2: Temperature map of Bhutan 

 
Source: World Bank/Climatic Research Unit (CRU) University of East Anglia, 20152 

1.1.4 Water resources 

Bhutan is endowed with enormous water resources draining 2,238 m3/s or 70576 MCM annually (TA 

8623 R1, 2016). This means that about 94,500 m3 of water (average) is available to each Bhutanese 

on an annual basis, which seems to be the highest in the region. All these water resources drain to 

Brahmaputra River in India through four main rivers and a couple of small southern waterways. Figure 

1.5 presents the river basin map of Bhutan, and Table 1.1 provides some details on the main rivers.   

                                                      
2  Cited by Charles Rodgers (2015) 
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Figure 1.3 : Precipitation map of Bhutan (Isohyets) 

 
Source: ADB TA 8623 

 

Figure 1.4 : Reference crop evapo-transpiration (ET0) in Bhutan 

 
Source: ADB TA 8623 
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Figure 1.5 : River basin map of Bhutan 

 
Source: ADB TA 8623 
 

Table 1.1 : Rivers draining from Bhutan 
SN Basin / sub basins Basin / sub basin areas (sq.km.) Features 
A Main basins Bhutan China India Total  

1 Drangme Chhu 8,457 12,507  20,964 Over 60 % watershed in China 
2 Mangde Chhu 7,380   7,380 Covers 19 % of the country 
3 Punatsang Chhu 9,645   9,645 Flows through Punakha 
4 Wang Chhu 4,596   4,596 Flows through Thimphu 
5 Amo Chhu 2,310 1,605  3,915 Smallest main basin 

 Sub totals 32,388    Covers 83 % of the country 
B Sub basins      

1 Merak-Sakteng 137   137 In Samdrup Jongkha area 
2 Jomori 642   642 In Samdrup Jongkha area 
3 Nyera Amari 2,348   2,348 In Samdrup Jongkha area 
4 Aie Chhu 1,937   1,937 Mostly in Sarpang District 
5 Jaldakha 942  87 1,029 Mostly in Samtse District 

 Total 38,394 14,112 87 52,593  
Source: ADB TA 8623: basin areas computed using land uses maps (MOAF, 2010) 

The five main rivers, draining 83% �R�I���W�K�H���F�R�X�Q�W�U�\�¶�V���D�U�H�D�V�����7�D�E�O�H��1.1), carry large volumes of flow and 
sediment during the monsoon season. Further, these rivers generally have steep gradients and narrow 
steep-sided valleys. As a result, they are hardly used for irrigation. The surface water sources that are 
being used for irrigation are the second or third order tributaries of these main rivers. 

This means that despite the fact that Bhutan has abundant water resources (70,576 MCM per year) 
water is not necessarily available for irrigation. What is available for irrigation is the water that flows 
through the small rivers and streams in the headwater of the watersheds.  

These small streams and waterways are mostly un-gauged. As a result, assessments of water 
availability from these rivers are difficult.  







http://foodsecurityatlas.org/btn/country/availability/agricultural-production
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