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Summary

Limited access to water is a key reason why millions of poor farmers struggle to grow enough
food and marketable crops to improve their lives. It can be a challenging task for farmers and
program managers (who implement programs to improve the lives of farmers) to determine the
availability and accessibility, which in turn determines affordability, and the sustainability of
water resources in locations where there is limited documented information on surface water
and groundwater resources. Further, it is often challenging for program managers and farmers
to determine the most appropriate water access and application technologies, given the particular
biophysical and socioeconomic environment, and the available water resources.

While there is a need to improve smallholder farmers’ access to and use of water resources in
a sustainable manner, there is limited documented guidance on tested methods and tools to assess
the availability, accessibility and sustainability of water resources, and to select appropriate water
access and application technologies. This paper seeks to address this gap by providing guidance
to managers who implement field projects that improve smallholders’ access to water resources
while also ensuring environmental sustainability of water extraction. The audience envisioned
for these guidelines include public sector agencies (e.g., government extension departments
and water resources management departments); civil society organizations (e.g., farmer-based
organizations and NGOs); social enterprises catalyzing irrigated agricultural value chains; and
donors investing in improving the lives of female and male farmers. It is envisioned that program
managers will use these guidelines in combination with other methods and tools, e.g., agricultural
value chain analyses, as one part of a broader approach to designing interventions that benefit
smallholder farmers.

This paper is not a technical manual; rather, it is intended to provide guidance on the expertise,
resources and information needed for managers to direct technical specialists. The guidelines
describe a process which can be followed by managers to direct technical specialists to gather
sufficient data and information rapidly, in order to understand the characteristics of broad-scale
areas and progressively define specific locations with greater potential for individual smallholder
farmers to access groundwater and surface water resources affordably and sustainably. The
guidelines also present an approach to estimate the quantity of water resources available, and select
individual' water-lifting and irrigation application technologies that are suited to available water
resources. The assessment process described in this document is divided into two main stages:

1. Broad-scale assessment - the assessment team gathers and analyzes secondary data, and
identifies areas with high potential for investment in agricultural water management (AWM)
solutions.

2. Detailed field-level assessment - the assessment team collects and analyzes detailed data
through fieldwork to identify appropriate AWM solutions in high-potential areas.

The assessment process moves from a broader scale to a detailed scale, progressively
gathering sufficiently detailed information and data to make decisions and move on to the next
phase. This process seeks to minimize the cost and time required to carry out a water resources
assessment, by using practical, low-cost methods to gather sufficient information to progressively
concentrate on areas of higher potential for smallholder farmers to access water affordably.

!The authors recognize the value of community-based access to and use of water resources, but have limited the scope of this paper to
individual irrigation technologies because there is more information, methods and tools available in the public domain regarding the
assessment and design of community-based and public irrigation schemes.
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Additional, detailed data and information is then collected on the areas with higher potential to
guide further decision making.

This paper is an initial effort to document an affordable approach to information gathering
for decision making. Examples have been incorporated from the application of this approach in
northern Ghana in 2010. This paper is not comprehensive, but the authors hope that it will serve
as the basis for further refinement, testing and elaboration through repeated field applications.
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INTRODUCTION

These guidelines were developed under the AgWater Solutions project, which was carried out
between 2009 and 2012 in Burkina Faso, Ethiopia, Ghana, Tanzania, Zambia, and in two states
in India: Madhya Pradesh and West Bengal. The project focused on resolving water issues faced
by smallholder farmers. Water is often a key factor limiting smallholders’ production, yields and
crop diversification. As a result, many smallholder farmers only grow staple food crops during
the rainy season and, thus, produce a limited variety and quantity of crops. Further, with limited
access to water, farmers are vulnerable to increasingly variable rainfall patterns.

The AgWater Solutions project examined existing AWM methods and technologies together
with factors that influence their adoption and scaling up. Analyses undertaken by the project
demonstrated that scaling up certain household- or community-based AWM solutions could
potentially increase agricultural productivity and net profits of millions of smallholder farmers.
For example, the project analyses estimated that motorized pumps could potentially be scaled up
to reach 185 million rural people in sub-Saharan Africa, and highlighted that improving access
to water for rural farm households could support families to:

e grow irrigated, higher-value crops in the dry season, thereby increasing household
incomes;

e cxpand the area cropped and increase the quantity of crops produced per unit of land;
e diversify cropping patterns, thereby reducing the risk of crop and market failures; and

e apply supplemental water during periods of limited rainfall to prevent crop failure.

In addition to identifying the huge potential to improve the lives of poor female and male
smallholder farmers through improved access to and utilization of AWM solutions, the project
also developed country-level analyses, maps, recommendations and investment profiles to guide
investments in these solutions.

This paper complements other outputs from the AgWater Solutions project by offering a tested
process to support decision makers who direct, design and/or implement projects that improve
smallholders’ access to water for crop production. The users of these guidelines may include
public sector agencies (e.g., government extension departments and water resources management
departments); civil society organizations (e.g., farmer-based organizations and NGOs); projects;
social enterprises catalyzing irrigated agricultural value chains; and donors investing in improving
the lives of female and male farmers.

The goal of this water resources assessment methodology is to assist these decision makers in
determining the availability, accessibility, affordability and sustainability of water resources, and
to select the most appropriate individual technologies for water access (e.g., treadle pump, rope
and washer pump, engine pump, electric pump, solar thermal, photovoltaic, battery, rainwater
harvesting, siphon) and application (e.g., surface, drip, sprinkle, in-situ) that are suitable for
particular biophysical and socioeconomic environments, and the available water resources (e.g.,
groundwater, river or reservoir). The guiding principles underlying this methodology are to:

1. focus on benefiting poor female and male smallholder farmers;
2. maximize available water resources for livelihood benefits;

3. ensure environmentally-sustainable water extraction; and
4

focus on affordable access to water by highlighting areas where water resources can be



accessed and applied by individuals at a relatively low investment cost, based on the
premise that affordability will enable a larger number of farmers to invest in water access.
Farmers’ costs are incorporated into the guidelines through an emphasis on the utilization
of surface water and shallow groundwater, which are accessible to poor farmers at a
lower cost than deeper groundwater (which requires more expensive drilling and higher
pump operating costs). In addition, the recommendations for selecting suitable individual
technologies for water abstraction and application emphasize lower-cost technologies.

This paper is not a technical manual, but is intended to provide overall guidance on the
information, technical expertise and resources needed for managers to direct technical specialists
in assessing and designing a program. As the focus of the guidelines is on the practical application
of the knowledge generated, the methods described seek to balance constraints of time and cost
with the need for sufficient information required for decision making. To accomplish this, the
guidelines describe the following:

e A rapid, iterative process to understand the characteristics of broad-scale areas, and
current water extraction and use in small-scale agriculture. Through this process, the
team progressively defines locations with greater potential for individual smallholder
farmers to access groundwater and surface water resources affordably.

e A method to estimate the quantity of water resources in areas defined as ‘higher potential’.

e A method for selecting individual water-lifting and irrigation application technologies
that are suited to the available water resources in the specific study areas.

The processes and methods described in this paper are dynamic and opportunistic, based on
continual visual reconnaissance, and data and information gathered through many discussions.
Local knowledge and engagement with farmers, value chain actors and others working with
farmers (e.g., extension staff) are essential. Ideas, aspirations and feedback from female and
male farmers are critical, as are inputs from national and local government officials, researchers,
organizations working in the area, teachers and other individuals knowledgeable about agriculture,
water resources, markets, and the social constructs that influence AWM investments and practices.
Throughout the process, the field team jointly interprets information, ideas, feedback and data
collected, and refines ideas on the opportunities to enhance farming practices.

The process described in this paper can be used in any context where limited documented
information on surface water and groundwater resources creates challenges in determining the
availability and accessibility, and hence the affordability of water resources.

The process described in this paper starts with a national-level reconnaissance and
progressively focuses on smaller geographic areas with greater potential for smallholder farmers
to access water affordably and sustainably. For example, in Ghana, the team started at the national
level and then narrowed in and targeted sub-district areas where the potential was greater. Although
the method described was initiated at the national level, this approach could be used at other
levels and at various points in the decision-making process. For example, government extension
agencies at sub-national level could use this process within their administrative domain in order
to determine specific areas with higher potential for affordable and sustainable water access, and
to select appropriate water access and application technologies.

It is envisioned that program managers will use these guidelines in combination with other
methods and tools, e.g., agricultural value chain analyses, as one part of a broader approach to
designing interventions that benefit smallholder farmers. For example, the assessment process
described here can be used together with other project outputs, such as the multi-country and



country-level biophysical suitability and livelihood-based suitability maps of selected AWM
technologies (for more information, visit http://awm-solutions.iwmi.org). Further, these guidelines
can be incorporated into agricultural value chain analyses to determine high-value market
opportunities for smallholder farmers as well as irrigation requirements for those selected high-
value crops (see, for example, Webber 2007).

In 2010, the AgWater Solutions project used the approach described in this paper to assess
and identify areas in northern Ghana that had accessible water resources (shallow groundwater
and surface water) with a high potential for utilization by smallholder farmers to improve their
livelihoods. Examples from the assessment process undertaken in Ghana are provided in these
guidelines. The assessment in Ghana and preparation of this paper were financially supported by
the AgWater Solutions project; however, the knowledge summarized here draws on experience
gained from conducting similar assessments in Ethiopia, Zambia, Nepal, Myanmar and India.

This paper is an initial effort to document an affordable approach to information gathering
for decision making. It is not comprehensive, so the authors hope that it will serve as the basis
for further refinement, testing and elaboration through repeated field applications.

OVERVIEW OF THE WATER RESOURCES ASSESSMENT PROCESS

The assessment broadly encompasses the following process:

Phase 1: Broad-scale assessment to identify high-potential areas for AWM investment. This phase
involves three steps:

e Data collection through secondary data.
e Analysis and interpretation (ongoing).

e Making recommendations of high-potential areas.

Phase 2: Detailed field-level assessment to identify appropriate AWM solutions in high-potential
areas. This phase involves three key steps:

e Data collection through fieldwork.
e Analysis and interpretation (ongoing).

e Develop recommendations for intervention design, including technologies best suited for
use by smallholders in accordance with site-specific conditions.

This phased process seeks to minimize the cost and time required to carry out a water
resources assessment, by using practical, low-cost methods to gather sufficient information to
progressively concentrate on areas of higher potential for smallholder farmers to access water
affordably. Additional, detailed data and information is then collected on the areas of higher
potential to guide further decision making. The process moves from a broader scale to a detailed
scale, progressively gathering sufficiently detailed information and data to make decisions
and move on to the next phase. Thus, it eliminates the need for exhaustive data collection in
geographical areas with minimal potential for affordable and/or sustainable access to water
resources. Figure 1 illustrates the recommended phases for the assessment with an approximate
time period and outputs for each phase. The following sections provide more details on each
step in the process.



FIGURE 1. Diagram of the rapid water assessment process, showing approximate time period
and outputs for each phase. It must be noted that the assessment process forms one input into
program design, which draws on many other sources of information.
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PHASE 1: BROAD-SCALE ASSESSMENT TO IDENTIFY HIGH-POTENTIAL
AREAS FOR AWM INVESTMENT

Phase 1 of the water resources assessment serves as an initial screening to select areas of higher
potential for small-scale irrigated agricultural development. The aim of this first phase is to
understand the broad-scale context (i.e., national scale) in order to identify and hone in on
geographic areas where the following four key criteria coincide (as depicted in Figure 2):

L.

Physical availability and accessibility of underutilized surface water and/or shallow
groundwater resources. Here, shallow groundwater is accessible from a maximum depth
of 18 meters (m) from the land surface to the water table. If water is being manually
pumped for irrigation purposes on larger than subsistence size plots, a 12-m depth is the
practical limit for a hand or rope and washer pump.

Significant population density, which helps to ensure that an intervention benefits a large
number of people, reduces costs, and may support self-replication and scaling through
farmer-to-farmer sharing and through private sector replication. Successful, sustained
interventions for smallholders generally require population densities of 100 or more
persons per square kilometer.

High rates of poverty to help ensure that an intervention improves the lives of the poor.
High rates of poverty are indicated by areas with infant mortality rates greater than 75
per 1,000 live births, and where 30% or more of the children aged between 0 and 5 are
underweight.



4. Agriculture-based livelihood patterns, which ensure that an intervention would meet the
needs and constraints of the population based on their occupation.

FIGURE 2. Areas where AWM interventions would be an ideal entry point.

Focus on areas where
these four conditions
coincide
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Agricultural underutilized
livelihoods water
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Credit: Elizabeth Weight.

When conducting this initial broad-scale screening, important factors that need to be
considered include land and water rights and entitlements, which influence farmers’ decision-
making, investments and perceptions of risk. These factors frequently shape social and economic
dynamics and patterns of poverty. For example, in India, farmers’ right to access water has
supported the emergence of markets for groundwater, which enables poor smallholder farmers
to purchase water for irrigation. In some locations, however, where water is limited, wealthier
farmers may be able to drill deeper wells, purchase more powerful pumps to extract water, and/
or purchase or access land in order to access water resources.

This initial screening phase gathers information available at a broad-scale (i.e., national-level)
relating to formal and informal rights and entitlements to access and use land and water resources.
Given that the application of national laws and policies at local levels may be influenced by
local traditions and cultures, later phases of the assessment process provide an opportunity for
the project team to understand farmers’ perceptions of their rights and entitlements. In this, it is
important to hold discussions with female farmers in order to understand the gendered aspects
of these rights and entitlements. This knowledge is useful to design a program that pragmatically
addresses the constraints faced by both female and male farmers in accessing and using land and
water resources for irrigated crop production.



Data Collection in Phase 1

Phase 1 uses desk research to collate previous studies, data and information related to the four
key criteria: water resources, population, poverty and livelihoods.

Table 1 lists important data that need to be collected in relation to the four criteria. The table
also provides typical sources of this information. In addition to the sources listed, it is useful
to interview government officials, university staff and development organizations to gather
information on areas where there are accessible and underutilized water resources, high population
densities, high rates of poverty, and agriculture-based livelihood patterns.

As the objective of phase 1 is to narrow the geographic focus of the assessment to areas with
the highest potential for AWM interventions in order to achieve the biggest potential impact,
not all the information listed in Table 1 is required for phase 1. However, all data listed will
eventually be required to complete the assessment. Since this is the primary data collection phase,
it is usually expedient to obtain all information that will be used throughout the assessment as
early as possible in the process. Furthermore, the collection of some data often leads to finding
additional details and identifying information sources that could be helpful to the overall process.

TABLE 1. Collection of data and information, and sources for obtaining this information.

Data and information Typical source of information

Water, climate, soils, crops

» Surface water resources (perennial

streams and lakes)

Groundwater resources (depth to
water table, seasonal fluctuation in
water table depth, saturated
thickness or depth to barrier,
aquifer material or characteristics,
overburden conditions)

Floodplains, wetlands/dambos, etc.

Climate (monthly precipitation and
frequency distribution, maximum
and minimum temperatures,
monthly evapotranspiration)

Data on soils (map and
characteristics)

Crop data (types, varieties,
growing seasons, water

requirements, yields)™

Data on other agricultural
input use

Population

Population density and distribution data

Poverty

Poverty data and distribution

Much of this information can be gathered from government
offices (e.g., departments of agriculture, natural resources,
environment, land registration/land use, national agricultural
research systems [NARS], Geodetic/Survey/Map Bureau,
etc.); universities; international sources and organizations
(e.g., FAO, CGIAR, geographic information system [GIS]
data portals [ESRI, Center for International Earth Science
Information Network (CIESIN), GRID, etc.]; topographic
maps; Digital Elevation Model [DEM] for groundwater
mapping [see Appendix 1]; water and sanitation program
information; FAO ClimWat database and CropWat decision
support tool; FAO second level soils map; etc.).

See section, Sources of Water Resource Data and Information,
for more details.

Census data from government sources at the scale of the
smallest available administrative unit (e.g., village, ward,
district, county, kebele, etc.). Need corresponding map of
administrative units.

Government sources, United Nations Development Programme
(UNDP), Demographic and Health Surveys (DHS), poverty
proxies from census data.

(Continued)



TABLE 1. Collection of data and information, and sources for obtaining this information.
(Continued)

Data and information Typical source of information
Livelihoods This information can often be gathered from interviews held
» Livelihood patterns with government offices (e.g., Department of Agriculture,
«  Agroecological zones NARS, Census Bureau); universities and development

practitioners based on their knowledge; local experts (e.g.,
extension agents, agricultural officers, etc.); international
organizations (e.g., FAO, CGIAR, development banks,
United Nations Environment Programme [UNEP], etc.);
livelihood mapping by FAO; etc.

+ Patterns of land and water ownership;
land tenure, land and water access
and use rights and usage patterns, and
whether/how these differ for women and
men and different ethnic groups/castes

* Tribal, private, public and protected
land areas

» Policies and laws related to and affecting
smallholder agricultural production and
marketing

Credit: Andrew Keller.

Notes: ™ Information is collected on both rainfed and irrigated crop production patterns. In areas with an existing culture of irrigation,
support can be provided to improve existing irrigation practices (e.g., introducing pumps where farmers use labor-intensive bucket
irrigation). In areas where a few farmers have added irrigated crops to their rainfed crop portfolio, there may be potential to scale up
irrigated agricultural production because these areas have accessible water resources and farmers who do not irrigate may be aware
of the advantages and disadvantages of irrigation. In areas where rainfed crop production is practiced, the introduction of irrigation
can make a dramatic difference to the lives of farmers, but more time and support will be required to adjust to the culture of irrigated
agricultural production.

Sources of Water Resource Data and Information

Government offices generally have some data and information on surface water and groundwater
resources. However, it is often challenging to find reliable, systematized data and maps on surface
water and groundwater resources, aquifers and geo-morphological data. In many cases, there is
a lack of long-term, quality hydrological data, in particular, at smaller scales. For example, in
Ghana, the Water Resources Commission had information and maps of wells and well yields
in the country, but did not have complete maps and data on the depth of groundwater. For this
reason, it is useful to create maps of available water-related data in order to assess water resources.

The essential information on surface water resources can be obtained by identifying the
location of perennial streams and lakes. This information serves two purposes: 1) identifies
surface water resources that can be directly tapped by smallholders for irrigation of crops in
adjacent fields during the dry season. The dry season is usually the period when the value of
irrigated crops is at its highest, and hence employment and market opportunities are often greater
in the dry season. Also, the dry season is the period when non-perennial water sources are more
likely to dry up and/or become unreliable; and 2) perennial surface water sources are generally
coincidental with the water table and, thus, key to mapping the depth to groundwater. Topographic
maps at scales of 1:50,000 or smaller are good information sources for the location of perennial
surface water sources. Most of the map work in phase 1 will be at a broader ~1:250,000 scale.
However, at such a scale, it is difficult to identify the start of perennial streams and extent of
areas with a high water table. Thus, at least a scattering of 1:50,000 or smaller scale topographic
maps is needed to locate the start of perennial streams and shallow water tables, in the absence
of sufficient depth to the water table shown in data from other sources for mapping groundwater.
Perennial streams are often denoted on topographic maps by continuous stream lines rather than



the dot-dash pattern denoting intermittent streams. Another common mapping convention is to
label perennial streams with their name all in capital letters.

The key groundwater resource information needed for assessment of smallholder AWM
opportunities is the depth to the water table and the relative water yield. Here, low-yielding
wells are those with sustained flow rates which are insufficient to irrigate a 0.1-hectare (ha) area
during periods of peak demand (e.g., less than approximately 0.1 liters per second [Ips]). High-
yielding wells have at least ten times the sustainable flow (e.g., greater than 1.0 Ips and sufficient
to irrigate at least a 1.0-ha area). Other important parameters are: seasonal fluctuation in depth
to the water table, saturated thickness or depth to barrier, aquifer material or characteristics, and
overburden conditions. Seasonal fluctuation in depth to the water table provides an indication
of the reliability and potential of shallow groundwater for irrigation of small plots. Saturated
thickness or depth to barrier and aquifer material or characteristics (transmissivity, specific storage,
particle size and grading, etc.) provide indications of well yield and drawdown. Information on
the surface geology or nature of the overburden, e.g., soil type, presence of cobble or rock, and
existence and thickness of hard layers (e.g., regolith), provides an indication of the potential for
well drilling or digging.

These data are often unavailable, especially for shallow groundwater accessible to smallholders,
or the data are limited to studies of inadequate geographic scope for a regional assessment.
Information related to drinking water sources and programs (e.g., from water, sanitation and
health programs, municipal and rural domestic water supply systems, etc.) can provide helpful
clues, and some relevant groundwater information (e.g., overburden and aquifer characteristics)
can be inferred from soils and surface geology maps. Municipal wells are generally much deeper
than the shallow groundwater that smallholders can easily access. However, data on municipal
wells provide useful groundwater information, e.g., overburden and aquifer characteristics, water
level trends, etc. In Ethiopia, for example, much of the available groundwater information comes
from data on municipal wells. Good estimates of the depth to shallow groundwater can be made
by GIS analysis using a DEM, location of perennial water bodies, and climate data as described
in Appendix 1. Mapping of the resulting depth to groundwater can then be used to narrow the
geographic focus of the assessment to areas with potential and additional groundwater information
collected during phase 2, field-level data collection.

Ideally, this information is mapped in a GIS to visualize and analyze the overlay of these
features. Information sources include maps, reports and studies, and databases. Since the objective
is to find geographic areas where the four criteria overlap, most of the data must exist in a map or
in GIS form or be tabular with point location attributes so that they can be mapped within a GIS.

Throughout the process, the team must continually review the data collected to date, with a
view to identifying high-potential areas for further study and focusing on the four key criteria.
This review will also highlight data gaps.

Outputs of Phase 1

The key output of phase 1 is a written description of the selected areas to focus on in phase 2,
together with an explanation of why the areas were selected for detailed field data collection.
Other suggested outputs include the following:

1. A national map highlighting areas to focus on in phase 2, together with data/information on
the four criteria (poverty, population, water resources, and agriculture-based livelihoods)
for each area.



2. A brief description of areas deemed promising but not selected for detailed data collection,
together with reasons why these areas were not selected (to be kept as a record if needed
at a later stage).

Box 1 provides an example of the application of phase 1 of the water resources assessment
methodology in Ghana.

Box 1. Phase 1 data collection — an example from Ghana.

The AgWater Solutions project combined secondary data and information with participatory
GIS mapping techniques in Ghana, Burkina Faso, Ethiopia, Tanzania, Zambia and two states
in India (Madhya Pradesh and West Bengal). The project produced maps of suitability domains
of specific AWM solutions, which were identified as having higher potential to improve the
lives of smallholder farmers. In other countries where this initial mapping and analysis has
not yet been performed, it is useful to create broad-scale maps overlaying data/information
on the four key criteria, in order to highlight areas where these conditions are prevalent.
The areas where the conditions co-exist will have the highest potential for application of
productive water technologies to enhance small-scale crop production.

The water resources assessment team gathered data and information from a variety of
sources in Ghana, including the Water Resources Commission (WRC), Ghana Irrigation
Development Authority (GIDA), Ministry of Food and Agriculture (MoFA), University of
Legon, and organizations working in agricultural development and water research (including
the International Water Management Institute [IWMI] and AgWater Solutions project team
members).

The team reviewed and discussed the information as it was gathered, continually refining
an overall picture of the country in relation to poverty (Appendix 2, Figure A2.1, Figure
A2.2), population density (Appendix 2, Figure A2.3), livelihoods (Appendix 2, Figure A2.4),
and water resources. Regions and districts with relatively high population densities were
identified as the following: Greater Accra, Central Region, Upper East Region, the city of
Tamale in the Northern Region, and the city of Kumasi in the Ashanti region (Appendix 2,
Figure A2.5).

Examining these areas, the team decided not to focus on the Central Region because
poverty in the Upper East Region is much higher: approximately 89% of the population in
the Upper East Region is poor and approximately 82% is extremely poor; in the Central
Region, 48% of the population is poor and 32% is extremely poor (Canagarajah and Portner
2003).

The team also found that poverty rates were relatively low (38%) in the Volta Region.
However, in discussions held with government officials and researchers, the assessment team
learned that numerous farmers in the Keta District of the Volta Region use groundwater to
irrigate high-value vegetable crops to sell in the Accra market. So, the team decided to include
this district in the assessment process to learn more about irrigated agriculture in the area.

The team produced an initial map (Appendix 2, Figure A2.5) showing the three distinct
geographic zones of the areas selected through the initial scoping exercise: the Upper East
Region (including Tamale in the Northern Region), the Kumasi area of the Ashanti Region
and the Keta area of the Volta Region.

(Continued)



Box 1. Phase 1 data collection — an example from Ghana. (Continued)

The team then gathered additional information on these regions related to water resources,
soils and agriculture in order to select one area for the detailed field-level data collection
(see Appendix 3 for examples from Ghana). The comparative information regarding the three
areas is shown below:

1. The Upper East Region, situated in the Volta River Basin, is characterized by savannah/
woodlands with annual rainfall of 1,000 mm, good soils and good access to water,
but farmers lack productive water access and application technologies. As a result,
farmers primarily grow low-value rainfed staple crops and are dependent on rainfall.
The region is located in the Sudan Savannah agroecological belt, with semi-arid
climatic conditions, a dry terrain and Savannah grassland, with a strongly tropical and
seasonal climate (annual rainfall varies between 700-1,200 mm, with more than 60%
of rainfall occurring between July and September). In the dry season, especially in
February, potential evapotranspiration rates are very high (about 10 mm/day) due to
high temperatures, low humidity and strong winds. For this reason, agricultural water
requirements are high (over 8 mm/day) during the dry season.

2. The Kumasi area of the Ashanti Region is semi-equatorial forest zone with a high
population density, sandy soils and easily accessible surface water and groundwater
all year. Farmers in the area have easy access to large input and output markets in
Kumasi, significant peri-urban farming and lower poverty rates than farmers in the
Upper East Region of Ghana. Constraints to production in the Kumasi area include
labor for irrigation, crop diseases, potential land tenure issues, seed shortages and high
cost of inputs.

3. The Keta area in the Volta Region is low, flat plains/Volta Delta area of coastal grassland
and mangrove swamps with sandy soils. This area has an excellent climate for vegetable
production, very shallow water levels and easy access to markets in Accra. The area
has an existing irrigated agricultural economy using a variety of water access and
application technologies (e.g., closely-spaced wells used for bucket irrigation, electric
pump and hose/impact sprinklers). As a result, farmers’ production and returns are good,
agricultural diversity is high and poverty rates are much lower than in the Upper East
Region. Overdevelopment of the freshwater resource could result in saltwater intrusion
into the irrigation water supply.

Comparing the above three locations, the team concluded that opportunities existed to
improve small-scale agricultural production in all three areas. However, given the high poverty
rates, as well as the presence of good soils and minimal utilization of the available water
resources, the team determined that improving access to water resources in the Upper East
Region (and, more broadly, northern Ghana) had greater potential to significantly benefit the
relatively large population. This is depicted in Figure 3, which compares the three areas in
Ghana in relation to their ‘unrealized’ potential to increase small-farm incomes.

In much of northern Ghana, 30 to 40% of children (aged O to 5) are hungry. In portions
of the Upper East Region, there are 10 to 25 underweight children (aged 0 to 5) per square
kilometer and an infant mortality rate of 75 to 100 per 1,000 live births. The overall rural
population density in the Upper East Region is 100 to 250 persons per square kilometer.

(Continued)
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Box 1. Phase 1 data collection — an example from Ghana. (Continued)

network and depth to groundwater, and collecting more detailed information in preparation
for phase 2, detailed field-level data collection in northern Ghana.

FIGURE 3. Rough comparison of three promising areas in Ghana using the four key criteria
of population density, poverty, water resources and agricultural livelihoods (productivity
and revenue). Note that, while there was high potential for water access and agricultural
productivity/revenue in all three areas, the team concluded that the Upper East Region had
the most unrealized potential, a function of its higher level of poverty and underutilized
water resources.

High
Med — Potential
Low : a | A . —— Actual

Credit: Stuart Taylor.

The team then assembled a GIS database of northern Ghana and began mapping the stream

Keta Kumasi Upper East

Phase 2: Detailed field-level assessment.

PHASE 2: DETAILED FIELD-LEVEL ASSESSMENT TO IDENTIFY
APPROPRIATE AWM SOLUTIONS IN HIGH-POTENTIAL AREAS

In the second phase of the water resources assessment, the team visits geographic areas identified
in the first phase to achieve the following two key objectives:

1.

Verify the four key criteria (surface water and/or groundwater resources, high population
density, high rates of poverty and livelihoods based on agriculture) and collect fine-scale
data and information, which are incorporated into the GIS to add detail and improve
resolution.

The team should visit potentially accessible water sources, which were identified
during the first phase of the broad-scale assessment, to confirm that these are appropriate
for use by smallholder farmers (e.g., areas of shallow groundwater availability, accessible
surface water and/or dams). At this time, the team also seeks to understand farmers’
perceptions of their formal and informal rights and entitlements to access and use land
and water resources. This should include discussions with female farmers to understand
their perceptions of the gender aspects of their rights and entitlements. Through these
discussions, the team seeks to understand whether and how utilization by individuals or
groups of farmers could potentially impact others.

11



2. Collect additional data for program design: For those areas where field-level
visual reconnaissance confirms the presence of the four key criteria and confirms that
groundwater and/or surface water resources are accessible for utilization by smallholder
farmers, the team collects additional field-level data and information in order to design
appropriate and effective AWM interventions. Appendix 4 provides an overview of the
type of information to be collected, reasons for collecting the information and typical
sources for collecting the information.

The section below provides recommendations to consider throughout the detailed field-level
assessment.

Recommendation: Build on Local Knowledge

Given the general lack of high-resolution data for many parameters, local, site-specific knowledge
is a vital source of information on water resources and livelihoods. During this phase of the
assessment process, which is an informal, qualitative, rapid validation of the population, poverty
and agricultural livelihood conditions, it is critically important to talk with female and male
farmers to understand their perspectives, livelihoods, water use and challenges.

For example, if the assessment team sees a group of women walking with buckets of water,
they would talk with the women to learn about their water source, number of households using
the water source, how women and men use water, distances from their houses to the water source,
number of months that water is available from that source, problems with water access, other
sources of water, and rights and entitlements to access and use the water by women, men and
different ethnic groups, etc. (see Box 2).

In addition, engaging local field technicians and/or farmers, who speak the local language and
are familiar with the area, is essential to find and document water sources that would otherwise
be missed by an outside assessment team. Field technicians and/or farmers can be engaged and
trained in data collection during the rapid field assessment, and then continue to collect the data
needed to confirm the rapid analysis and detail and enhance program design.

Recommendation: Emphasize Rapid Analysis and Adjustment

During the initial field study, it is important to analyze data as quickly as possible, so that the
team can promptly make necessary adjustments to the assessment while in the field. Field data
collected during the day should be analyzed and mapped during the evening, and discussed and
interpreted by the team before proceeding into the field the next day.

For example, well drawdown data collected during the day should be processed in the evening
to determine groundwater yield (see section, Estimate Potential Yield of Well Water). If this analysis
determines that groundwater yield is too low to irrigate an area of sufficient size to be economically
viable to the farmer then the team can opt to change the field trip itinerary to visit areas that may
have greater potential for irrigated agricultural production (e.g., different soils and geology, shallower
groundwater).

Recommendation: Use GIS Tools

The water resources assessment and selection of suitable AWM solutions for smallholder farmers
is essentially a mapping exercise that is well suited to GIS analysis. The overall analytical process
is to describe and map the dominant water resource typologies of the study area, and then assign
suitable combinations of water-lifting (pumps) technologies with irrigation application methods
as described in Appendix 5.
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Box 2. Building on local knowledge — an example from Ghana.

Much of the information on local water resources is obtained from local informants, formally
and casually. As an example of the latter, when the northern Ghana water resources team was
traveling on a road about 7 km west of Tamale (towards the White Volta), they saw a group
of women fetching water from a shallow dug well (Figure 4). The team stopped to talk to the
women and also took well measurements, which showed that the water in the well was 1.0
m below the ground surface with an electrical conductivity of 65 pS/cm (very low salinity)
and the depth of the well was 3.1 m.

The women said that the water level was high because of recent rainfall, which also
explained the low salinity. The women estimated that the well would be dry in two months
(by the end of January or early February) and they would have to get water from a reservoir
which was “nearby” (about a kilometer away). The women said that there were other wells
such as this one in the vicinity and many along the road, but they would all be “finished”
(dry) in a couple of months. The wells had been dug down to the level of the hard laterite
layer, because it was too hard to dig deeper and there was little water below the hard layer.
The women were not aware of anybody irrigating from wells.

From this encounter, the team learned that there was very limited potential for shallow
groundwater development in this area. The permeability of the soils was very low; there did
not appear to be any significant water-bearing soil layers within 30 m or so of the ground
surface; and the laterite layer was difficult to dig through. Furthermore, the water table appears
to drop by about 1 m per month following cessation of the rainy season.

FIGURE 4. Women fetching water from a dug well near Tamale in northern Ghana.

Photo: Elizabeth Weight.
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Data Collection in Phase 2

Estimate Groundwater Resources

Because of its generally ubiquitous distribution and relative accessibility, shallow groundwater is
the most common and important source of water for smallholder farmers. However, groundwater
is usually also the water resource with the least amount of available information. Consequently,
at the reconnaissance level of the assessment, the team will need to use inference models and
analyses to extrapolate and map groundwater characteristics and typologies. The key parameters
for defining groundwater typologies are the depth to the groundwater table and the water yield
potential of wells penetrating the water table. The following sections describe these techniques
in more detail.

Map Groundwater Depth

The most essential analysis of the water resource assessment is mapping the depth of the
groundwater (see Appendix 1 for details). Not only is this important for developing groundwater
typologies, it also supports the understanding of surface water typologies. For example, a mapped
groundwater table within half a meter of the land surface typically indicates flat, poorly-drained,
seasonally-saturated areas, inland valleys and valley bottoms. By overlaying these high water
table areas with soils maps in the GIS, the potential for AWM can be assessed. If the soils are
indicative of chronically flooded conditions then irrigated agriculture will likely be limited to rice
production. If soils are sandy, simple wells with suction-only treadle pumps might be well suited
for dry-season irrigated agriculture. If the soils in areas with a high water table are heavy clays,
wells are unlikely to be successful, but motorized pumps delivering water from the associated
perennial river to the fertile bottomlands could be very successful.

Estimate Potential Yield of Well Water

Once the depth of groundwater is mapped, the potential water yields of wells must be estimated
so that the appropriate pump and irrigation technologies for the resource can be identified. The
water yield of a well is the flow rate that can be continuously pumped without drawing the
water level in the well below the pump intake. For the assessment, relative water yield estimates
are sufficient, e.g., low-yielding (less than ~0.1 Ips), high-yielding (greater than ~1.0 Ips) and
medium-yielding (in between low and high). Well water yields can be roughly inferred using
remote-sensing data (e.g., slopes and topographic analysis, surface geology, and soil maps and
data), but unless data is available on actual wells in the immediate vicinity of the area of interest,
remote methods will only produce rough approximations. To improve estimates of groundwater
yield, the team should perform drawdown tests on a few wells in areas of interest during phase
2 of the fieldwork.

A well drawdown test consists of pumping a well at a measured flow rate and measuring
the drop in the water surface elevation during the pumping. Once the water level stops dropping
or all the water has been pumped out of the well, pumping is stopped and the rise in the water
table is measured as the well recovers. By measuring the diameter of the well and the drop or
rise in water surface elevation, the change in the amount of water stored in the well can be
calculated. Dividing this change in storage by the time interval between measurements gives
the rate of change in storage. Subtracting this rate of change in storage from the pump flow rate
gives the rate of groundwater recharge. During recovery, the rate of change in storage equals
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the rate of groundwater recharge. From the rate of groundwater recharge and dimensions of the
well, the daily water yield is determined. If the well has significant storage, as in the case of dug
wells with diameters of 1 m or more, the pump rate can be much higher than the recharge rate
provided that the well recovers between pumping intervals. When wells have limited storage,
for example, small (e.g., 5 cm) diameter manually drilled wells, the pump flow rate is limited to
the groundwater recharge rate. Drawdown tests vary in the length of time, but typically take less
than half a day for the level of accuracy needed for a rapid assessment. Tests of dug wells with
diameters of 1 to 1.5 m take approximately three hours to conduct, if using a low-flow pump
(e.g., treadle pump at less than 1 Ips) and it is a low-yielding well. If it is a high-yielding well,
there will be no measurable drawdown with a 1-1ps pump and it can quickly (after less than an
hour of testing) be determined that well water yield is greater than or equal to the pump flow rate.

Calculate Water Requirements

Knowing crop irrigation water requirements is critical to conducting water balances, determining
appropriate irrigation technologies, designing irrigation systems, and assessing the technical
feasibility and economic suitability of irrigated agriculture to benefit smallholders. Crop
irrigation water requirements are calculated as the difference between the consumptive water use
(evapotranspiration) of crops and the effective precipitation. Generally, local climate data are
used in mathematical functions to estimate the evapotranspiration from a well-water reference
crop. Crop coefficients specific to the crop of interest, and adjusted for the appropriate planting,
development and harvest dates, are then applied to relate the reference crop water use to the crop
of interest (Allen et al. 1998 or similar studies). At the reconnaissance level of the assessment,
peak daily water requirements and monthly estimates of evapotranspiration are generally sufficient.
Analytical tools for calculating evapotranspiration and crop irrigation requirements are available
(e.g., FAO’s ClimWat database and CropWat decision support tool) as are global GIS datasets of
gridded climate parameters and products (e.g., [IWMI’s World Water and Climate Atlas).

Analyze Water Balance

In areas where the assessment team confirms the presence of the four key criteria and unrealized
potential for development of water resources and agricultural productivity, it is important to
analyze the limitations of sustainable water extraction for irrigated agricultural production. A
water balance approach estimates these limitations by integrating data related to precipitation,
water storage, recharge rates, and interactions of shallow groundwater and surface water. This is
critical to the resource protection aspect of the assessment, whether surface water or groundwater.

The water balance is an accounting framework that balances water inflows (e.g., precipitation)
with outflows (e.g., evapotranspiration) over a period of time, usually a year. If outflows exceed
inflows, the difference comes from storage (e.g., soil moisture and groundwater). Under natural
conditions, outflows are equal to or less than inflows and the balance of inflows become runoff.
Under conditions of irrigated agriculture, seasonal evapotranspiration by crops usually exceeds
the effective precipitation, which results in a depletion of water from storage. An unsustainable
situation exists if the depletion of water from storage continuously exceeds the annual recharge
rate. Seasonal problems can also arise if the water withdrawal from storage results in a lowering
of water levels beyond physical reach or causes conflicts among water users, depending on their
location within a watershed.
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The water balance requires the following data:

+  Measurements from a sample of wells of surface to water depth, depth of well, diameter
of the well and water-lifting capacity of the specific irrigation technology currently being
utilized (e.g., number of liters in a bucket).

+  Tests of water drawdown and recharge rates in selected wells.
+  Water salinity measurements.

+  Measurements of farmer’s plot size.

+  Time required by the farmer to water their plot of land.

+ Global Positioning System (GPS) locations of wells, different types of irrigation
technologies, rivers and other key parameters.

+  Potential maximum density of shallow wells without interference.

+  Understanding of local hydrological characteristics.

Develop Recommendations for Intervention Design

This section outlines a few key decision-making parameters to assist in using the data and
information gathered from the field assessment to design programs that benefit poor female and
male smallholder farmers.

Through the process of collecting information and data, the assessment team continually
analyzes potential opportunities for smallholder farmers to improve agricultural production.
Typically, the most transformative opportunities connect crop opportunities and water access
opportunities:

1. Opportunities to leverage the specific advantages of small-scale agricultural crop
production, e.g., by selecting crops that require a higher level of care and are, therefore,
challenging to grow on a large-scale, such as irrigated vegetables.

2. Opportunities to improve smallholder farmers’ access to and utilization of available water
resources, particularly where the analysis has identified areas with significant unrealized
potential.

For each opportunity identified, it is useful to develop scenarios to evaluate anticipated
positive or negative impacts on income, water resources, gender and other social dynamics, market
changes, etc., based on scaling up the intervention to the potential geographic extent identified
in the GIS maps. Developing scenarios can help to ensure that the program design addresses and
monitors potentially negative impacts.

Following the initial rapid assessment and scenario development described above, the
assessment team should collect additional data within identified high potential areas to confirm
the selection of these areas and provide the further details needed for scenario development
and program design. For example, following the rapid assessment, water resources should be
monitored at various times throughout the year to observe seasonal fluctuations (e.g., depth to
water in wells) to confirm water resource availability for utilization by farmers. In addition,
detailed data can be gathered on various parameters of interest (e.g., crops, livelihood patterns,
pests and diseases, female and male divisions of labor, and cropping patterns) to support program
design. Local field technicians and/or farmers who supported the initial field assessment can be
trained to collect this additional data. For this, field technicians/farmers need to be trained in
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the use of, and provided with, GPS as a means of measuring depth to water in wells, and formal
survey forms to ensure the organized collection of the necessary data.

Linking Technologies to Water Source Typologies

This step includes determination of the most appropriate water-lifting and application technologies
for smallholder farmers given the site-specific conditions. It is important to take a ‘systems
approach’ when dealing with small-plot irrigation rather than treating individual technologies as
unrelated sub-systems. An irrigation system includes:

* a water source/supply;
» water lifting/pressurizing (pump);
* away to get the water from the source to the plot (conveyance); and

» ameans of applying water to the soil, where crop roots can extract it (irrigation application
method).

This section ranks the suitability of various water-lifting technologies according to the
typology of the water source and the irrigation application method. Table 2 describes nine water
source typologies: four from groundwater, three from rivers and two from reservoirs. Appendix
5 provides further details on these typologies.

TABLE 2. Water source typologies for smallholder water access and irrigation suitability ranking.

Typology Source Description
1 Groundwater Low-yielding?, very shallow® well
2 Groundwater High-yielding®, very shallow* well
3 Groundwater Low-yielding?, ‘deeper’? (beyond suction depth) well
4 Groundwater High-yielding®, ‘deeper’ (beyond suction depth) well
5 River Perennial rivers with defined river banks
6 River Seasonal/ephemeral rivers
7 River Flat, poorly-drained, seasonally-saturated areas/inland valleys/

valley bottoms
8 Reservoir Reservoirs with functioning outlets

9 Reservoir Reservoirs without functioning outlets

Credit: Andrew Keller.

Notes:* Low-yielding - less than ~0.1 Ips sustainable flow during the dry season.
® High-yielding - greater than ~1.0 Ips sustainable flow during the dry season.
¢ Very shallow - water level within suction lift limit (~8.0 m) at the end of the dry season.
4 Beyond suction depth - water level beyond suction lift limit at the end of the dry season.

Table 3 provides suitability scores for various groups of pump types and irrigation application
methods for the nine water source typologies listed in Table 2. Irrigation application methods
included in Table 3 are conventional surface irrigation, piped furrow/piped basin irrigation,
drip irrigation, sprinkler irrigation, hose and hand-carried buckets. Only irrigation application
methods that are suitable for pairing with a particular pump type and under a particular water
source typology are scored. The suitability scores range from ‘3’ for high suitability to ‘1’ for
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low suitability and ‘0’ for unsuitable or not applicable. For example, suction-only treadle pumps
(SOTP) are highly suitable for conventional surface and piped furrow/basin irrigation under
high-yielding, very shallow groundwater conditions. However, when a SOTP is used to pump
water from a river, a long suction pipe is usually required to reach the water from the river up
the riverbank, and to the high point in the field. Suction pipes are expensive (because each pipe
has to be round and rigid enough not to collapse under suction, e.g., it cannot be cheap lay-flat
tubing) and difficult to keep from leaking (small holes in the discharge pipe are not a problem,
but a pinhole can make a suction line useless). Thus, SOTPs are given a suitability score of zero
(unsuitable) for perennial and seasonal rivers. However, the floodplains of large perennial rivers
(typology 7, seasonally-saturated areas) can be suitable for SOTPs. The suitability scoring is
based on experience and best judgment, and is somewhat subjective. Thus, the scores in Table
3 should not be taken as being universally applicable. The most important aspect of Table 3 is
not the scores listed, but the methodology used for determining suitable irrigation systems for
smallholder farmers under various water supply situations.
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Outputs of Phase 2

The key output of phase 2 is a set of recommended AWM solutions and related considerations
for use in program design.
Other outputs of phase 2 include the following:

1. Verification of the four key criteria identified in phase 1.

2. A general characterization of smallholder agricultural patterns of the population, including
the relative importance of farming in their livelihood strategies, and the roles of male
and female farmers in agricultural production and marketing.

3. A characterization of rights and entitlements for women and men of different castes/
ethnic groups to access and use land and water resources for agricultural production.

4. Anunderstanding of challenges (e.g., pests and diseases, livestock encroachment, market
issues) faced by female and male farmers at different times of the year.

5. Data collected to calculate a water resource balance, in order to analyze the limitations
of sustainable water extraction for irrigated agricultural production.

Box 3 summarizes an example of phase 2 data collection, analysis and intervention design,
focusing on the areas in northern Ghana selected through the phase 1 analysis. As described in
Box 3, the assessment team focused on the selected area in Ghana to characterize smallholder
agricultural patterns, understand water resource use, understand the challenges faced by
smallholder farmers, assess the water resource balance and design an intervention.
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Box 3. Phase 2 data collection — an example from Ghana.

VERIFICATION OF THE FOUR KEY CRITERIA IN NORTHERN GHANA

Once northern Ghana was identified as having high unrealized potential for smallholder
agricultural production, the assessment team visited the Northern Region, the Upper East
Region and the Upper West Region in northern Ghana. Visual reconnaissance in the field
confirmed the initial determination that northern Ghana exhibits accessible surface water and
groundwater resources, relatively high rural population density, high rates of poverty and
agriculture-based livelihoods.

Figure 5 shows the GPS track for phase 2 of the assessment. Because the broad-scale
assessment under phase 1 pointed to the Upper East Region as the area with the highest
population and poverty rates, this region was given the greatest focus during phase 2, as
evident by the GPS track. Still, as seen in Figure 5, the field assessment was not able to
cover the focus areas very intensively, due to the limited time available and inaccessibility by
road. For much of the fieldwork, the team split into two groups to cover more areas, collect
more detailed data on water resources and conduct more interviews.

FIGURE 5. GPS track of the field visit made by the AWM assessment team to northern Ghana
in December 2010. Highlighting marks areas with high AWM potential. The highlighted area
near Zebilla, on the border with Burkina Faso, is the Sapeliga area described in the sample
notes from the fieldwork in Box 4.

Credit: Tan Wilson (Keller-Bliesner Engineering).

(Continued)
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Box 3. Phase 2 data collection — an example from Ghana. (Continued)

Characterization of smallholder agricultural patterns in northern Ghana

The detailed fieldwork in northern Ghana revealed that smallholder agriculture is largely
characterized by the production of rainfed staple crops (e.g., millet, sorghum) in poor
soils, supplemented with the rearing of small ruminants, poultry and fishing. At a finer
scale, the team determined that agricultural conditions, e.g., soil type, topography, geology,
access to water, etc., are heterogeneous, which has resulted in a diversity of agricultural
production activities as an adaptive response. In general, in areas with very limited water
resources, farmers typically practice rainfed-only farming and/or limit the area of land
cultivated under irrigation. Many farmers use local seed varieties, which results in poor
crop productivity but enables farmers to reproduce seeds themselves for future crops.
Migration to southern Ghana for work during the dry season is a common strategy to cope
with the lack of agricultural opportunities. Land tenure and access are complex and variable.
While most farmers reported that they do not own land, they raised no concerns regarding
their entitlement to use the land and access water to irrigate their plots. In some areas,
landowners cultivate the land only during the rainy season for staple crop production and
rent the land (for a fee or for a portion of the crop) to other farmers during the dry season.

Understanding water resource use in northern Ghana

Where water is accessible at a reasonable cost in northern Ghana, a small percentage of
farmers cultivate high-value crops, e.g., chili and tomatoes, in the dry season and earn
significant extra income. The AgWater Solutions project estimated that approximately
500,000 farmers in Ghana cultivate irrigated crops primarily using buckets (70%) and
motor pumps (30%) (Giordano et al. 2012). Both female and male farmers cultivate these
dry-season irrigated crops, but women are primarily responsible for marketing the harvest.
Both female and male farmers reported that they are able to sell their agricultural produce
either at local markets or to traders who travel to the farm gate to purchase vegetables
(often to be re-sold in urban centers in southern Ghana). While profitability of irrigated
vegetable crops is high for smallholder farmers, the risks of growing these crops are also
high due to pests, diseases, market risks, etc. These farmers reported receiving little training
or other support from the government or other institutions; most reported learning about
irrigation technologies, high-value crop production, agricultural management, etc., from
neighbors and other family members.

Farmers accessing water in the dry season typically use three types of water resources:
rivers, shallow aquifers or reservoirs. Each of these water resources is described below,
together with a brief description of the types of water access technologies and farming
practices that are common with each type of water resource.

Rivers. Where farmers have access to perennial rivers or riverbeds that retain water during
the dry season, they pump water from the river/riverbed for irrigation using motorized
pumps that have either been rented or provided by MoFA. Many farmers stated a preference
for petrol rather than diesel pumps for use in riverbeds for two reasons. First, since farmers
transport pumps to the riverbed, they preferred smaller and more portable petrol pumps
rather than larger diesel pumps. Second, some farmers reported that larger diesel pumps
can extract large quantities of water, so they felt that petrol pumps were better suited to
riverbed conditions with limited water supplies. On the other hand, some farmers reported a
preference for diesel pumps for extracting water from large rivers and reservoirs, because it

(Continued)
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Box 3. Phase 2 data collection — an example from Ghana. (Continued)

was generally not necessary to move the pump from the river and water limitations did not
determine pump choice. Diesel and petrol pumps seen in the field were exclusively owned
and operated by men. In addition, farmers confirmed that farming in riverbeds required
farmers to remain at the plot at all times to ensure that livestock did not encroach on the
farm plot. Since riverbed plots were typically located a distance from the household and
most women wanted to remain close to the household, male farmers primarily practiced
riverbed farming.

Shallow aquifers. In instances where farmers in northern Ghana did not have access to a
river, some of them dug one or more wells on their land by hand and used buckets to lift
the water for irrigated vegetable production, especially in inland valley areas. In sandy and
other loose soils, farmers reported that hand-dug wells often lasted only 1 year and then
require re-excavation. Some farmers reported that they dug a well for dry-season farming,
filled it at the end of the dry season, cultivated rainy season crops and then dug the well
again in the following dry season. In general, labor exchange is used to dig wells, which
has restricted the number of wells on plots of land cultivated by women.

While hand-dug wells may allow a large water storage capacity, it is often not possible
to dig a well by hand deep enough to obtain a sufficient volume of water for irrigation
throughout the dry season. As a result, many farmers reported that their wells dry out
before the end of the dry season. For this reason, some farmers have multiple wells on a
single plot of land; in addition to providing more water, multiple wells reduce the labor
required to irrigate a plot of land.

Farmers reported a preference for smaller petrol pumps for use in hand-dug wells;
however, motorized pumps were not seen in any hand-dug wells during the field
assessment: farmers were exclusively watering their plots using buckets. Bucket irrigation
is laborious and time consuming; some farmers reported that their children did not attend
school during the dry season, so that they could assist with irrigation.

Reservoirs. Where farmers live in proximity to a reservoir, they often use motorized or
diesel pumps to extract water. Reservoirs often have a water users’ association (WUA),
which manages the water resource (e.g., timing of the release of water from the dam).
The WUA also collects fees for maintenance of the reservoir structure. Both women and
men have access to land in proximity to the reservoir and to use water from the reservoir.
Livestock encroachment was not reported as a problem in proximity to reservoirs, because
the large number of people working near the reservoir control the entry of livestock.

Challenges faced by smallholder farmers in northern Ghana
Livestock encroachment on individual farm plots was reported to be a problem by many
farmers. During the dry season, when high temperatures and high evapotranspiration rates
result in a shortage of food for livestock, livestock are often allowed to roam freely to
forage for food. Many farmers without resources for adequate fencing or with crops grown
in riverbeds without fencing reported problems with livestock encroachment on their farms.
In some specific locations in northern Ghana, groundwater is saline and either
unsuitable for