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PREFACE
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1 Introduction ‘1

1.1 Background

Rwanda (Figure 1) is located in the Southern West of theVictoria Basin and belongs to the
Upper Nile River States. The country shares its borders with the Democratic Republic of Congo
in the west, Uganda in the north, Tanzania in the east, and Burundi in the south. Rwanda has a
total area of 26,338 km? and is divided into two main basins: the Congo basin representing 17%
of the area, and the Nile basin representing 83% of the area (Baligira, 2008). Its relief
comprisessuccession of relatively large hills and valleys. More than 40% of the country is
located on analtitude of between 1,500 MASL and 1,800 MASL. 90% of the national water
resources are drained throughthe southern and eastern part by the main rivers Nyabarongo,
Akanyaru and Akagera.

The surface occupied by lakes, rivers and marsh is 2,125km?, hence approximately 8% of the
national territory. Lakes have an area of 1,282 km? whereby the Kivu Lake alone accounts
1,028 km®. Permanent rivers cover 73 km? whereas the marshes and bottom valleys add up
1700 km®.

Rwanda belongs to one of the highest populated countries in Africa with 321 persons per km?,
and 90% of the population lives from food subsistence agriculture.

! Information in this chapter is among other sources based on: FAOSTAT, CIA world fact book, UNDP, phase 1 report
and EDPRS report.
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Figure 1: Map of Rwanda.

1.1.1  Socio-economy

Farming is the principal economic activity of the Rwandan people, carried out on more than 1.4
million farm households. According to the general population census in 2002, a ratio of 8 people
per 10 is used in agriculture whereby most of them are women. The agricultural sector produces
45% of the GDP in the past decade (1995-2004) and generates nearly 75% of the foreign
exchange earnings. In some areas, particularly in the Nile Basin catchment, the population
pressure has reduced the area of arable land available per household to about 0.75 ha per
household. More recent data might be available from various ministries.

1.1.2  Millennium Development Goals, current status

The Rwandan Economic Development and Poverty Reduction Strategy (EDPRS) run from
2008-2012. The EDPRS is currently the main framework through which the government can
fulfill the long term millennium development goals (MDGs). The EDPRS has created a political
environment in which development strategies can be implemented by setting priorities and by
clearly defining responsibilities and budgets.

Rwanda is on track to achieve most of the MDGs. The economic crisis, however, and the

uncertainty about foreign aid are constraints which may slow down the rate of development in
the coming years.
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A quick overview will be given about the current status (2008 data) of the MDGs.

Goal 1: Eradicate Extreme Poverty and Hunger

The poverty rate in 1990 was 47.5%, which would set the goal on reducing poverty to 23.8% by
2015. Currently the poverty rate is 56.9%. The proportion of population below minimum level of
dietary intake increased as well from 34% in 1990 to 37 % in 2008. The only part on track of
achieving is the prevalence of underweight children under five years, which decreased from
29% to 15%, nearly reaching the 2015 target.

Goal 2: Achieve universal primary education

For this second goal a good progress has been made. The net enrolment ratio in primary school
increased from 62.5% to 94.2% in 2008, coming close to the target of 100% in 2015. However,
the percentage of pupils which reach the last grade of the secondary school is 74.5%. So the
dropout rate is relatively high, and it is unsure if the 100% target can be reached in 2015.

Goal 3: Promote gender equality and empower women

Good improvement can be seen. The ratio of boy to girls on primary and secondary schools is
nearly 1:1. The amount of female seats in the parliament is already exceeding the 50% goal
with 52% in 2008. The Share of women in waged employment in the non-agricultural sector
increased from 15% in 1990 to 28.4% in 2008, but is not yet close to the 50% goal set for 2015.

Goal 4: Reduce child mortality

The under-five year mortality rate and the infant mortality rate have both been reduced with
27%. The overall goal is to reduce with two thirds to 33% of the 1990 values. The current under-
five year mortality rate is 103 out of thousand births, and the goal for 2015 is 47.

Goal 5: Improve maternal health

The maternal mortality ratio is improving, but not with the speed to reach the goal of 75%
decrease. More and more births are attended by skilled health professionals, counting 52% in
2008.

Goal 6: Combat HIV/AIDS, malaria and other diseases

Although the facts about HIV/AIDS are not always clear, the government is taking good steps to
reduce the spreading, and to educate. Treatment for HIV/AIDS is accessible for 77%of the
adults and 49% of the children. 100%accessibility is set as target for 2015. The incidence of
tuberculosis has nearly tripled from 1990 to 2008.

Goal 7: Ensure environmental sustainability

The amount of people having access to an improved drinking water source improved to 74% in
2005, and is getting close of the aimed 82%. Information about biodiversity loss and sustainable
development is not clear, but according to the UN 2010 paper on the Rwanda MDGs, the goals
are not on track. The government is putting effort in incorporating environment in laws and
policies. The results of these laws can only be observed after implementation.
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Goal 8: Develop a global partnership for development

Under the EDPRS the government has put extra effort in improving health. The accessibility to
essential drugs is 89% in 2008. In 2008, 13.1 telephones per 100 inhabitants are available and
0.6 personal computers per 100 inhabitants.

1.1.3 Poverty reduction strategy

The information i n t hPovertgReduttiondStrategysPa p g puBlishedom
March 2011, and covers the 3 year period 2008-2010. This paper is mainly based on the results
from the Rwandan Economic Development and Poverty Reduction Strategy (EDPRS), which
contributes in achieving the MDGs as well.

Within the fiscal year 2009/2010 the GDP was estimated Rwf 3,160 billion, which is a growth of
11.5% compared to the previous year. The GDP per capita was estimated to be Rwf 308,000 or
US$ 541.

Calculated with constant 2006 prices an average GDP growth of 8% over the period 2008-2010
was reached. This growth is mainly driven by a 7% increase in food crop production and 7.6%
growth in services. The industry sector grew 0.6%, since it was most affected by the global
recession.

Revenue in 2008 outperformed the projections by Rwf 52 billion. And in the fiscal year
2009/2010 the revenue was Rwf 391.5 billion which equals 12.4% of the GDP. 56% of the tax
revenue is coming from VAT and PAYE, which is in line with the government strategy to get the
well off in the society to provide a larger share of the resources for development.

Exports of goods and services in 2010 dropped by 9%, while the imports increased by 7%,
compared to a 17% increase in 2009/2009. Inflation in the end of 2008 reached 15.4%. This can
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mainly be contributed to high food prices and high international commodity prices. The inflation,
however, decreased the years after that to 10.1% in June 2009 and 5.03% in June 2010.

Rwanda is making large steps to reform business regulations, and was awarded as a top
performer. Rwan d a 6 s mar k e t™ most coinpetitite endrkegirssubsSaharan Africa.

Agriculturally, the food production has exceeded the consumption for the last three years, for
the first time since 1994. This was mainly achieved by intensification, as arable land increased
with 1% only, while production increased with 6% in 2010.

1.1.4 Legal framework

The Government of Rwanda formulated its first National Policy on Water Management in 2011.
The mandate of water resources management rested under various ministries (Agriculture and
Infrastructure) before it was brought under the Ministry of Lands, Environment, Forests, Water
and Mines (MINITERE). The policy formulation process reflected global policy changes and
opened the sector for public, private and voluntary sector partnerships and references were
made to Integrated Water Resources Management (IWRM) principles. In 2004 the Government
of Rwanda held discussions with interested stakeholders and produced a water sector policy
document that merged the water sector with lands environment and forestry sectors under
MINERENA. The water sector policy was agreed by the Council of Ministers in October 2004.
The new water policy introduces an institutional reform process in which a National Commission
of Water, interdepartmental coordination, basin and catchments committees, and local water
users associations are foreseen to be established. The public sector at sub-national level is
expected to collaborate with the voluntary and private sector to manage the water resources
and to provide water and sanitation services. The existing informal water users groups that
manage local water resources will be organized into catchment committees and water user
associations to ensure participatory processes in the planning and management of water
projects and programs.

1.1.5 Socio-economic context and institutional setting

This section describes the socio-economic context and institutional setting for small scale
irrigation development in Rwanda. The main parameters and their sources are summarized
respectively in the table on socio-economic context and institutional setting. The highlights are:
Socio-economic context:

1 Rwanda retains a largely rural population (81%)

1 Poverty levels are modest, if compared to other Nile basin countries (58.5% below
national poverty line)

1 On main social services: health expenditures (USD 48/ capita), population with access
to improved source of drinking water (65%), electric power consumption (25 KWh per
capita) and female illiteracy (33.2 %) Rwanda scores better than other countries in the
same socio-economic bracket, except the electric power consumption

1 Agriculture is the main provider of jobs in Rwanda (87%)

1 In economic value Rwanda is a net exporter of agricultural products (import to export is
0.52). The total value of agricultural exports is modest though (USD 234.75 M)

1 With respect to food Rwanda is a net importer (value of food imports USD 104.8 M)

Agricultural services:
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Agricultural road density is low (12.2 km/1000 sqg. km arable land) i affecting
agricultural marketing

Fertilizer use is at a minimum to modest (8.3 kg/ ha)

The use of mechanical equipment is very minimal (0.47 tractor per 1000 sq km of
arable land

Irrigation and water use:

1 Irrigated land is a small fraction of arable land (0.62%)

1 Total water abstraction is a small percentage of renewable resources (1.67%)

1 No data are available on groundwater usage

1 Overall irrigation performance is good (3.6 on a scale of 0-5) i beneficial water use is
relatively low (7/8) but reliability and uniformity are high (both 3/8)

Institutions

1 The institutional framework for irrigation and water development has been strengthened
considerably with the approval of the Rwanda Irrigation Master Plan 2010. In a wider
context the Strategic Plan for Agricultural Transformation (PSTA), National Agricultural
Policy 2004, Poverty reduction strategy, Vision 2020 are main guiding document to
development of water resources and irrigation

1 The institutional mandate is vested in the Ministry of Agriculture and Animal Resources
(MINAGRY). Other institutions related are Ministry of Natural Resources, mainly involved
in groundwater development

1 There is no water licensing system in place or payment of water fees

1 Land tenure is officially administered by the 2005 Organic Land Law

1 Onindicators of government effectiveness (48.6.%) and rule of law (-0.51) Rwanda

scores high T in relation to other SSA countries.
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RWANDA i INSTITUTIONAL

Main guiding policies, acts and ordinances 1 Rwanda Irrigation Master Plan is the main guiding document for irrigation
development in Rwanada. It especially focuses on irrigation potential of the
runoff for small reservoirs (125 627 ha), runoff for dams (27 907 ha),direct
river and flood water (79 847 ha), lake water resources (100 107 ha),
groundwater resources (36 432 ha),and marshlands (219 793 ha). It also
includes already detailed irrigation plans for each province.2

1 In awider context the Strategic Plan for Agricultural Transformation (PSTA)
is guiding agricultural transformation processes, through which, as stated in
JI CA ( 20 (agrizultufalt seceor shall be transformed into a modern,
professionally operated and market-oriented economic undertaking through
the promotion of professionalism, specialization, technological innovations,
and private-publicpar t ner shi po

1 Further documents are National Agricultural Policy 2004 (NAP), Poverty
Reduction Strategy Paper, Vision 2020, Community Development Plans
(JICA, 2006)

Institutional mandate irrigation development 1  Ministry of Agriculture and Animal Resources (MINAGRI) is directly
involved in the development of the IMP (Irrigation Master Plans)3
1  MINAGRI is also responsible for the policy and strategy formulation for the
PSTAd6s operational progr am. The i
however organized on district level
0 R (Rwanda AgriculturaBoard i 2 &G NBy 3IGKSy ¥
activities, like improved farming practice, association development
marketing
1 Ministry of Natural Resources (MINERENA), involved in groundwater
development
1 Rural Development Cluster (RDC), its role is harmonization and alignment
among the Development Partners (DP)

Water Permit System 1 Drillers 1 The availability of a water permit system for drillers and surface water
withdrawal is unknown, low access level to official documents

1  One drilling company (Foraky) is active in Rwanda, but Ugandans'
companies have contracted drilling projects in the country (Meghami, M. et
al. 2007)

Water Permit System i Users 1  Permits for ground- and surface water withdrawal are unknown
1 Rwanda does not apply user payments for groundwater (Meghami, M. et
al. 2007). No prove was found for payments for surface water withdrawal

2 (1) Kirehe district Irrigation Plan, Eastern Province 40,465ha. Conventional irrigation; (2) Nyanza District Irrigation Plan, Southern province: 19,474 ha. Conventional irrigation;
(3) Kicukiro District Irrigation Plan, Kigali Province: 4,234 ha. (4) Rulindo District Irrigation Plan, Northern Province: 8,947 ha. (Partners involved in Development Irrigation
Master Plan, 2010)

% It was developed by Ebony Enterprises Limited, an Israelian firm (CGIAR, 2010)
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Other institutions involved in irrigation (groundwater) development

1 IFAD, EU, World Bank, USAID, CIDA, JICA CGIAR and AgroForestre
Centre are some international organization involved in funding of policy
research in irrigation potential

1 Electrogaz, Foraky, Drillcon concerns are involved in groundwater
development for people and cattle

1 LWF, OXFAM and ARC were active during emergence period

Local organizations

There are numberous, such as RHIO (Rwanda Horticulture Interprofessional
Organization), ROPARWA (The Network of Peasant Organizations of Rwanda),
RWARRI (Rwanda Rural Rehabilitation Initiative), UNICOOPAGE (Union of
Agricultural Cooperatives of Gikongoro), BAIR (Bureau dAppui Initiatives
Rurales)(Amis, 2011)

Private sector

Organized in the Rwanda Private Sector Federation (RPSF)

Support to small scale irrigation development (vocational sector, land planning)

9 There are number of agricultural institutes / vocational training centres; the
main is Institute SuperieuredodAgri

1 Even at very local level, vocational training centres are found, such as
Secondary/Agricultural Vocational School: Mugonero, Rwanda

T Rwandadés vocational schools are h
graduates with the required practical skills. (World Bank, 2008, pp. 59). It
recommends that the ETOs (Ecole Technique Oficielle) develops courses,
in consult with ISAE, on irrigation and water harvesting (Ibid.)

Land tenure (Uwayezu, E. and Mugiraneza, T. 2011)

Officially regulated by the 2005 Organic Land Law

Government Effectiveness (percentile rank 0-100) (Worldbank, 2009)

48.6

Rule of Law (-2.5 1 2.5, in which high values represent effective enforcement of
law (World Bank, 2009)

-0,51
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SOCIO-ECONOMIC - RWANDA

Food exports, FAO (current US$M) (FAO Statistical Yearbook 2010) 19.02 IRRIGATED AGRICULTURE

Food imports, FAO (current US$M) 104.77 Irrigated land (% of crop land) (Aquastat, 2002) 0.62
Imports/exports 5,51 Irrigated land entire country (ha) (2) (Bastiaansen and Perry, 2009 and 4,000 80,067
Health expenditure per capita (World Bank, current US$, 2009) 48 AQUASTAT, 2000)

Improved water source (% of population with access) (World Bank, 65 Actually irrigated (ha) n.a.
Improved water source, rural (% of rural population with access)(WB, 62 Irrigation potential (entire country) (FAO, 1997 and AQUASTAT, 2007) 1]-55505)(())0
Improved water sourc.e, urban (% OT urban population with ” Irrigated Land nile basin (potential) (Bastiaansen and Perry, 2009) 17:638
Poverty (% below national poverty line) (UNSTAT, 2006) 58.5 Irrigation schemes in Nile Basin A
llliteracy rate i Male (15+) (UNICEF, 2009) 25 .

lliteracy rate --Female (15+)(UNICEF, 2009) 332 | | omallschemes (national level) n-a.
Primary completion rate, total (% of relevant age group) (UNICEF, 37.8 Medium schemes (n.atlonal level) na
Road density (road km/100 sq. km of land area) (IRF, 2004) 53 Large schemes (national level) n.a.
Road to arable land density (road km/1000 sq. km arable land)(IRF, 12.18 Potential schemes (Nile Basin) n.a
Roads, paved (% of total roads)(IRF, 2004) 19 Water Sources n.a.
Electric power consumption (kWh per capita) (CIA, 2005) 25 Water Sources - Names n.a.
Country area (km2) (FAOSTAT, 2009) 26,340 Irrigated area per household (ha) (national level) n.a.
Land area (km2) (FAOSTAT, 2009 24,670 SUSTAINABLE WATER ABSTRACTION RATES (AQUASTAT, 2000)

Population, Projected/Estimated (FAOSTAT, 2010) 10,624,000 Renewable resources (km3/year) 9.5
Urban population (% of total population) (FAOSTAT, 2010) 19 Overlap 7
Rural population (% of total population) (FAOSTAT, 2010) 81 Surface water 9.5
Population density (pp/km?) (World Bank, 2010) 431 ground water 7
AGRICULTURAL Dependency ratio 0
Agricultural exports (US$M) (FAOSTAT, 2008) 234.75 ACTUAL WATER ABSTRACTION RATES

Agricultural Import (Current US$M) (FAOSTAT, 2008) 122.97 Groundwater (km3/year) n.a.
Import/export 0,52 Surface (km3/year) n.a.
Value added in agriculture, growth (%)(WB, 2009) 1.09 Total water withdrawal (km3/year) (AQUASTAT, 2000) 0.15
Value added, agriculture (% of GDP) (AQUASTAT, 2009) 38.74 % of renewable waler resources 167
Employment agriFuIture (% of population) (JICA, 2006) 87 Water abstraction points na
Agr!cultual machinery (tractors /100 square km arable) (World bank, 047 Deep Motorized borehole (Western Rift Valley Uganda) (Needed/Potential) n.a.
Agriculture value added per worker (Constant 2000 US$) (WB, 2003) 218 -

— . Motorized borehole n.a.
Fertilizer consumption (kg per hectare O_f ar‘at-)Ie land) (W8, 2008) 83 Manual boreholes (Including shallow wells) (Vision 2020) (World Bank) 185 ( 500)
Cereal cropland (% of land area) (of which irrigated, %) (WB, 2009) 14 Protected shallow wall vy
Agricultural area (FAO Resource Stat, 2009) 2,000,000 ) h
Arable land (FAO Resource Stat, 2009) 1,300,000 Windmill borehole na

Springs™ (Vision 2020) (World Bank, 2008) 19,000 (20,000)
Water networks (Vision 2020) (World Bank) 821 (2,046)

* Rwanda knows 23,000 springs (World bank, 2008)




IRRIGATION PERFORMANCE (Bastiaansen and Perry, 2009)°

Overall Irrigation performance Large Scale Irrigation (0- 3.6
5

R)esult Oriented Performance 2.97°
Sustainability Oriented Performance 3.8’
Process Oriented Performance 3.8”
Detailed Irrigation Performance Parameters

Water Productivity (Performance 0-5) (Rank within Nile 3.0(5)
Basin 1-8)

Agricultural water Productivity 2.9 (6)
Crop consumptive use 3.2(5)
Beneficial Water Use 2.7 (8)
Adequacy 3.1 (6)
Uniformity 4.5 (3)
Reliability 4.8 (3)
Sustainability 3.3(6)

AGROPHYSICAL (Bastiaansen and Perry, 2009)

Irrigated crops (ha)

Rice (2,000) and
Vegetables (2,000)

Cereal yield rainfed (kg/ha) (Nett yield) 848
Biomass production (satellites) (kg/ha) (Nett yield) 11,181
Cereal yield irrigated (kg/ha) (Nett yield) 4,846
Yield Increment 3,998
Net Increment 1,199

®Specific recommendations for improvement of irrigation performane, as mentioned in
Bastiaansen and Perry (2009): Increase transpiration instead of unproductive evaporation

through intercropping methods for example, use of fertilzer and improved feed stock

®Refered to as average performance in Bastiaansen and Perry (2009), more output orientated

irrigation management will help increase this performance aspect

" Referred to as good performance in Bastiaansen and Perry (2009), no comment to improve

this performance aspect

4
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2 Countrywide irrigation potential

2.1 Terrain and soil

2.1.1 Relief, climate, and hydrography

Annual rainfall ranges from 800 mm to above 1,600 mm, divided between two rainy seasons
(March-May and September-December). The amounts of rainfall are good in most parts of the
country, but there is a persistent risk of drought in most areas. The temperature regime is

s p e c i f malerateshghlafid equatoriald  wavdrdge temperatures between 16° and 23°C.
Based on elevation, available rainfall and soil conditions, the country has been divided into eight
different agriculture regions (Baligira, 2008). Those regions include the Volcanoes Highlands,
Buberuka North ridges, Buberuka foot ridges, Lakes Kivu shores, Central plateau, and Eastern
lowlands. From the study made by Aquastat in 2005, Rwanda has been divided into 3
mainregions. These regions with their characteristics are shown in Table 1.

According to Verdoodt (2003), twelve agro-ecological zones (AEZs) are currently recognized in
Rwanda. These zones have been determined based on climate, soil suitability, geology and

geomorphology. A detailed description of these zones can be found in Verdoodt (2003).

Table 1: Agro-climatic zones in Rwanda (AQUASTAT, 2005).

Paramétre Agro climatic zones of Rwanda

High land Central Eastern Plateau and

region Plateau Western low land

Rainfall (mm/year) 1300-2000 | 1200-1400 700 — 1400
Temperature (°C) 16 -17 18 — 21 20-24
Evapotranspiration
(mm/year) 1000-1300 | 1300-1400 00-1750
Relative Humidity (%) 80-95 70 -80 50-70
Runoff coefficient (%) 18 22 10
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Figure 2: Agro-climatic zones of Rwanda (Source: MinAgri)

2.1.2 Terrain suitability

The terrain slope is a key characteristic for assessing the irrigation potential. Steeper slopes
evidently are less suitable for irrigation. Different types of irrigation also have different
associated slope suitability. Three different irrigation types are included in the suitability
analysis: border/furrow, sprinkler irrigation, drip irrigation, and hill-side irrigation (see main
report). The base of this analysis is the digital elevation model of the 90-meters SRTM. This
DEM was used to derive slopes and to undertake the suitability analysis.
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Figure 3: Digital Elevation Model of Rwanda. (Source: ASTER)
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In Figure 3 the DEM for Rwanda is shown. The country is characterized by quite some
mountains throughout the country with lower elevations in the eastern part. Associated slopes
can be seen in Figure 4. Based on these slope classes for each of the three irrigation types,
suitability for irrigation has been determined. It is clear that suitability for surface irrigation is
very much restricted to some local areas given steep slopes in the country.
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Figure 4: Terrain slope as percentage (top), surface irrigation (middle), and drip irrigation
(bottom).
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2.1.3 Soil Suitability

Based on local soil maps as combined in the Harmonized World Soil Database (HWSD) soil
suitability for irrigation has been assessed based on the FAO methodology (for details see main
report). The following characteristics are included in the soil suitability assessment: (i) organic
carbon, (ii) soil water holding capacity, (iii) drainage capacity, (iv) soil texture, (v) pH, and (vi)
soil salinity. Given the quite different characteristics for rice crops, two suitability maps were
created.

It is clear that soils in Rwanda are by enlarge reasonable suitable to develop irrigation based on
soil characteristics. Salinity problems are very rear in the country according to the soil map.
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2.2 Water

2.2.1 Irrigation water requirements

The amount of water needed during a growing season depends on the crop, yield goal, soil,
temperature, solar radiation, and other bio-physical factors. The amount of water required for
irrigation is also a function of rainfall and irrigation efficiencies. During Phase 1 of this study the
irrigation water requirements are based on an innovative method using satellite information (see
main report for details). The following maps provide for each month the reference
evapotranspiration (= evaporative demand of the atmosphere), the actual evapotranspiration
under current conditions and the final irrigation water requirements.
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Figure 8: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom). for February (Average 2001-2010). (Source: study

analysis).
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Figure 9: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom). for March (Average 2001-2010). (Source: study

analysis).
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Figure 10: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom). for April (Average 2001-2010). (Source: study
analysis).
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Figure 11: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for May (Average 2001-2010). (Source: study

analysis).
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Figure 12: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom). For June (Average 2001-2010). (Source: study

analysis).
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Figure 13: Reference evapotranspiration (top), actual evapotranspiration (middle), and

irrigation water requirement (bottom) for July (Average 2001-2010). (Source: study
analysis).
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Figure 14: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for August (Average 2001-2010). (Source: study
analysis).
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Figure 15: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for September (Average 2001-2010). (Source: study

analysis).
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Figure 16: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for October (Average 2001-2010). (Source: study
analysis).
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Figure 17: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for November (Average 2001-2010). (Source: study
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