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Abstract

Climate change is a global phenomenon associated with the emission of greenhouse gases
into the atmosphere with the resultant effect of raising the global mean temperatures. Climate
change will lead to an intensification of the global hydrological cycle and can have major
impacts on regional waler resources, affecting both ground and surface water supply for
domestic and industrial uses, irrigation, hydropower generation, navigation, in-stream
ecosystems and water-based recreation. The people in Upper East Region (UER) are mostly
engaged in Apriculture which is mostly dependent on irrigation water provided by medium
and small reservoirs. With increase in population and the need to meet food security under
Ghana's poverty reduction strategy, more lands are envisaged to be put under irrigation. It is
therefore imperative to look into the impacts of climate change on irrigation water use of the
two medium reservoirs in the region, Tono and Vea irrigation projects.

Historical water abstraction from Tono and Vea reservoirs were estimated. The irrigation
needs of four major crops (rice, tomato, pepper and onion) grown during the dry season were
computed using the CROPWAT model. Future climatic conditions for the year 2020, 2050
and 2080 were determined for the UER based on synthetic and general circulation models
climate scenarios. Future irrigation nesds were also computed based on future climatic
conditions. Climate change adaptation measures were identified and reviewed by interviewing
institutions who have a stake in climate change.

Historical water abstraction from the Tono and Vea reservoirs for the cultivation of the four
crops were far less than their maximum storage eapacity, Historical water abstraction for the
cultivation of the four crops for dry season farming ranged from 9.66 Mm" to 27.67 Mm” and
1.82 Mm® to 8.88 Mm" for Tono and Vea reservoirs respectively. The irrigation requirements
of rice, tomato, pepper and onion based on climatic baseline (1977 - 2006) are 871.5 mm,
680.1 mm, 558.9 mm and 4418 mm respectively. The net irrigation waler requirements of the
four crops will increase by about 0.6 — 9% due to climate change depending on the climate
change scenarios and time slices. Climate change will not have significant impact on Tono
irrigation project because future irrigation abstraction when maximum land areas between
1985 and 2006 are cultivated will be about 33 — 35 % of the maximum storage of the
reservoir. Future irrigation abstraction when the total irrigable area at Tono is cultivated with
rice, will be about 44% to 47% of the maximum storage capacity between 2020 and 2080 and
therefore the total irrigable area of 2490 ha could be utilized for the cultivation of rice and
other water demanding crops since there is abundance of water, Climate change will have a
minimal impact on Vea reservoir but coupled with an increase in domestic abstraction, the
stored water in the reservoir may not be adequate for both irrigation (when maximum land
arcas Belween 1985 and 2006 are cultivated in the future) and domestic use for 2050 and
bevorrd. ]"unhtrmure;*ﬁ'ﬁ?rTT_ he total irrigable area is cultivated, the stored water will be
adequate for the cultivation of tomato, pepper and onion in 2020 with the exception of rice,
The Vea reservoir could supply enough water for the cultivation of pepper and onion on the

‘total irrigable area in 2050 because their irrigation abstractions are about 63% and 49% of the

maximmum storage capacity. In 2080, the Vea reservoir cannot supply enough water (over 51%
of total reservoir capacity) needed for the cultivation of each of the four crops on the total
irrigable area because domestic abstraction will be about 32% of the maximum storage
capacity,

Climate change adaptation measures such as planting of crop varieties tolerant to adverse
climatic conditions, efficient water management, and application of organic matter fortitied
with inorganic fertilizer it implemented can help farmers cope with climate change.

Key words: Climate change, irrigation water requirement, climate scenarios, adaptation
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Chapter 1 Intreduction

CHAPTER ONE

1 INTRODUCTION

1.1 Background

Climate change is a global phenomenon associated with emission of greenhouse gases
into the atmosphere with the resultant effect of raising the global mean temperatures.
Since the beginning of the Industrial Revolution in 1750, global atmospheric
concentrations of carbon dioxide, methane and nitrous oxide have increased markedly
as a consequence of human activities such as burning of fossil fuels, agriculture,
deforestation, etc. (IPCC, 2007a). The levels of emission depend on the degree of
industrialisation of the country and available technology among other factors.
However, the impacts of climate change on the natural resources of a region depend
on the changes or modifications in the atmospheric circulation over the area induced

by the changes in global atmospheric chemistry.

The Intergovernmental Panel on Climate Change (IPCC) has demonstrated that an
increment in CO; concentration of about 90ppm has occurred between the periods
1750 to 2000, Over the years anthropogenic activities have lead to an increase in
global mean surface temperature of approximately 0.6°C during the 20™ century
[IFCG:—E{H]'I'L Based-om 3 tange of several current climate models, IPCC in 2001
predicted that the mean annual global surface temperature is projected 1o increase by
1.4 to 5.8"C over the period of 1990 to 2100, with changes in the spatial and temporal
patterns of precipitation (Soutworth et.al, 2000; Riisinen, 2001). Climate change can
have very serious negati:fe effects on the socio-economic development of the country
if the potential impacts are not identified for appropriate adaptive measures to be put

in place. A number of sectors such as water resources, coastal zone resources,
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Chapter 1 Introduction

agriculture, human health, energy, industry, forestry, fisheries and wildlife can be

impacted by climate change (Andah et.al, 2002).

Climate change has very great significance for sustainable development plans, life and
livelihoods in Ghana. Climate change is regarded generally in Ghana as a
development issue and might be a contributory factor that will exacerbate a number of
existing problems such as land degradation, urban migration and food insecurity.
However variety in agro climatic regions across the country from savannah prassland
to tropical rainforest with varying degrees of temporal variability makes climate
change discussions challenging. Ghana, just like many African countries is neither
able to cope with current climate variability nor adapt to the medium and long term
impacts of projected climatic changes (Kuuzegh, 2007). The Fourth Assessment
Report (AR4) of the IPCC confirms that African countries are likely to sufter most
from the ncgative impacts of climate change since African countries have the least
capacities to adapt to the impacts of climate change. Not only African countries are
vulnerable o climate change but also other developing countries because of the
predominance of agriculture in their economies, warmer bascline climates and

heightened exposure of extreme events. Without taking stringent measures and

o

actionsto adapt to_chrmare Change, it is imminently going to be a good recipe for
failing to achieve the millennium development goals (MDG(s).

g ey
Historical climate data observed by the Ghana Meteorological Agency across the
country between 1960 and 2000, (a forty-year period), show a progressive and

discernible rise in temperature (about 0.4°C) and a concomitant decrease in rainfall of

Kuofi Asante 2 MSe Thesis, 2009



Chapter 1 Introduction

about 10% in all agro-ecological zones of the country (EPA, 2000 and Kuuzegh,

2007).

Variations in the earth’s climate and likely future changes not only present a serious
threat to human society in general but more in particular to the water sector, bringing
consequences and implications that will affect the future management of water
resources (HM Government, 2006). These variations raise concern for irrigated

agriculture which is the largest user of the world’s water resources.

1.2 Problem statement

Agriculture in the Upper East Region (UER) of Ghana is dependent on irrigation
water provided by medium and small reservoirs. Agricultural sustainability in this
semi-arid region is thus primarily determined by water supply being adequate to meet
demand. Several studies have predicted responses to global warming as increased
temperatures, altered precipitation patterns and changes in the amount of
precipilation, all of which will have an impact on the crop water supply-demand
relationship (Neilsen et al, 2001). If water requirements for agriculture increases,
compf:titiu:_m among various users for the same resource may further limit supply to
agrmuléuré"éhpeciallym_ﬁin} of the reservoirs that supply irrigation water are
also used for domestic water supply as well as livestock watering and construction
purposes. This realization should be of grave concern to all development oriented
organizations and individuals owing to the fact that this region already endures long
dry spell pericds and low rainfall. With increasing population and the need to meet

food security under Ghana's poverty reduction strategy, more lands are envisaged to

be put under irrigation. However, it is not known whether there will be enough water

Kofi Asante 3 MSe Thesis, 2009



Chapter 1 Introduction

for the anticipated extension, both presently and future wise. This would deepen the
woes of irrigated agriculture if the possibilities of a reduction/increase rainfall and
temperature due to climate change are not incorporated into our present development

framework.

1.3 Justification

Irrigation water over the years has enabled farmers to increase crop yields by reducing
their dependence on rainfall, thus boosting the average crop production while
decreasing the interannual variability (Tuibicllo, 2005; Diamond et.al, 1997). Semi-
arid areas already suffering from limited availability of water under current conditions
are likely to be most affected by climate change, while (sub-) humid areas may be less
adversely affected, (Yano, etal, 2007; Brumbelow and Georgakakos, 2001; Fuhrer
2003). Current emerging trends of events necessitate the need for a step towards
evaluating how much water will be needed for irrigation in the future, by quantifying
how the threats of climate change will affect irrigation water requirements, especially

in water stress areas such as the UER of Ghana.

Despite the susceptible nature of the UER to climate change due to its long periods of
droughts and uni-medatrainfall pattem, relatively few studies have tried to quantify

the possibility of a potential damage to its agricultural base, especially on irrigation

_ sl
water use, using local data. Climate change has become a global issue and therefore

calls for such studies to be undertaken in the UER since the livelihood of the people is

likely to be hit.
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Chapter 1 Intreduction

1.4 Objectives
The aim of this study is to assess the potential impacts of climate change on irrigation

water use in Upper East Region of Ghana

Specific Objectives

I. To establish an irrigation water abstraction baseline for Tono and Vea
irrigation projects.

2. To create a set of future climatic conditions for Upper East Region by using
the climate scenarios.

3. To assess the impacts of climate change on irrigation water needs for different
species of crops grown in the region.

4. To identify potential adaptation measures to deal with climate change in the

region.

1.5 Organization of thesis
The thesis is organized into six chapters, Chapter | gives a background to the thesis,
the problem statement and justification to allow readers get a better understanding of
the topic. Then, the aims and objectives also follow. Chapter 2 reviews literature:
clirpgt_tj _Ehang:: scnﬂa‘;igi_dimare change impacts on water resources, water supply
and demand, plant responses to stress and irrigation, Chapter 3 describes the study
_——._-'--_. .
area. Chapter 4 outlines the materials and method used for the study. Chapter 5

presents the results and discussion of the study. Chapter 6 presents conclusions of the

findings and also gives recommendations.

Kofi Asante 5 MSc Thesis, 2009



Chapter 2 Literature Review

CHAPTER TWO

2 LITERATURE REVIEW

2.1  Climate change and Climate Variability

Climate change refers to the regional or global-scale changes in historical climate
patterns arising from natural and/or man-made causes and resulting in both
intermitient but increasingly frequent, extreme impacts (e.g. large storms and heat
waves) and slow on-set, pervasive cumulative effects (e.g, extinction of life forms and
sea level rise (Simon, 2007 cited in Training manual for Trainers, 2008). Climate
change involves the interactions of many systems such as the aimosphere,
hydrosphere, cryosphere, biosphere, as well as the human system. Climate change
could occur due to natural variability or anthropogenic conditions. In other words,
climate change may be due to internal processes and/or external forcings. The natural
variability of the climate system is due to some external influences such as changes in
solar radiation and voleanism which oceur naturally. Emission of greenhouse gases
into the atmosphere as result of human activity that began with the industrial
revolution is the other external changes which have caused change in composition of
the atmosphere. Internal variability is present on all time scales, Atmospheric
processes that generate internal variability are known to operate on time scales
rangi_n_g: ;Eﬁm--viﬁuaﬂ@ﬂMHuuus (e.£.. condensation of water vapour in clouds) up
to years (e.g., troposphere-stratosphere or inter-hemispheric exchange). Other

AT -

components of the climate system, such as the ocean and the large ice sheets, tend to
operate on longer time scales. These components produce internal variability of their
own accord and also integrate variability from the rapidly varying atmosphere
(Hasselmann, lé?ﬁ}. In addition, internal variability is produced by coupled

interactions between components, such as is the case with the El-Nifio Southern

Kofi Asante 6 MSc Thesis, 2009



Chapter 2 Literature Review

Oscillation (ENSO). Distinguishing between the effects of external influences and
internal climate variability requires careful comparison between observed changes
and those that are expected to result from external forcing. D6l (2002) also defined
climate change as changes in the long-term averages of precipitation and temperature

only.

22 Climate Scenarios

There exists much confidence among scientists that increased atmospheric greenhouse
gas concentrations from human activities will increase global temperatures. Their
confidence begins to lessen as o how climate will change at a regional scale (Giorgi
etal., 2001). Climate change will specifically be felt at regional or local level such as
at the scale of farm, river basin or even an individual organism. However, no method
yet exists of providing confident predictions of climate change at these scales; an
alternative approach is to specify a number of plausible future climates. These are

termed climate scenarios (IPCC-TGICA, 2007).

Climate scenarios are plausible representations of the future that are consistent with
assumptions about future emissions of greenhouse gases and other pollutants and with
our lﬂlﬂ_«é}ﬂ&n-ding nf:ﬂlg__ﬁffcct-ef increased atmospheric concentrations of these gases
on global climate (IPCC-TGICA, 2007). A variety of scenarios can be used to
identify the sensitivity of an exposure unit to climate change and to help policy
makers decide on appropriate policy responses. Unlike weather forecasts which make
use of enormous guantities of information on the observed state of the atmosphere and

calculate, using the laws of physics, how this state will evolve during the next few

days. producing a prediction of the future - a forecast; climate scenario is a plausible

Kofi Asante 7 MSc Thesis, 2009



Chapter 2 Literature Review

indication of what the future could be like over decades or centuries, given a specific
set of assumptions. These assumptions include future trends in energy demand
emissions of greenhouse gases, land use change as well as assumptions about the
behaviour of the climate system over long time scales. The uncertainties surrounding
these assumptions normally determine the range of possible scenarios (IPCC-TGICA,
2007). The choice of climate scenarios and related non-climatic scenarios is important
because it can determine the outcome of a climaic impact assessment. Extreme
scenarios can produce extreme impacts; moderate scenarios may produce more
modest effects (Smith and Hulme, 1998). It follows that the selection of scenarios can
also be controversial, unless the fundamental uncertainties inherent in future

projections are properly addressed in the impact analysis.

2.2.1 Criteria for selecting climate scenarios
Smith and Hulme (1998) suggested four criteria that climate scenarios should meet if
they are to be useful for impact assessment by researchers and policy makers.
IPCCIPCC-TGICA (2007) also suggested an additional criterion to make it five.
* Criterion 1: Consistency with global projections. They should be consistent
with a broad ramge of global warming prejections based on increased
18 _.-Eigﬁaﬂntratmﬁgtgmnhﬁu se gases.
« Criterion 2: Physical plausibility. They should be physically plausible; that is,
they should not violate the basic laws of physics.
e Criterion 3: Applicability in impact assessments. They should describe
changes i_n a sufficient number of variables on a spatial and temporal scale that

allows for impact assessment. L. ERARY

AWAME NKRUMAH UNIVERSITY or
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* Criterion 4: Representative, They should be representative of the potential
range of future regional climate change,
e Criterion 5: Accessibility. They should be straightforward to obtain, interpret

and apply [or impact assessment.

2.2.2 Types of climate scenarios
There are three main classes of climate scenarios. These are: synthetic scenarios,
analogue scenarios and scenarios based on outputs from General Circulation Models

(GCMs).

2.2.2.1 Synthetic scenarios

Synthetic scenarios describe techniques where particular climatic (or related)
elements are changed by a realistic but arbitrary amount, often according to a
qualitative interpretation of climate model simulations for a region. For example,
adjustments of baseline temperatures by +1, 2, 3 and 4°C and baseline precipitation

by £5, 10, 15 and 20 per cent could represent various magnitudes of future change.

The advantages of synthetic scenarios are:
!.__ﬂl;y-are simple to-apply-by impact analysts, transparent and easily interpreted
by policy makers and non-specialists
2. They capture a wide range of possible changes in climate, offering a useful
tool for evaluating the sensitivity of an exposure unit to changing climate.
Since individual variables can be altered independently of each other,
synthetic scenarios also help in identifying thresholds or discontinuities of

response that might oceur under a given magnitude or rate of climate change.
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3. Different studies can readily apply the same synthetic scenarios to explore
relative sensitivities of exposure units. This is potentially useful for comparing
and synthesizing the potential effects of climate change over different sectors

and regions.

The major disadvantage of synthetic scenarios is their arbitrary nature. They rarely
present a realistic set of changes that are physically plausible, commonly representing
adjustments as being uniform over time and space and inconsistent among variables,
Moreover, some scenarios may be inconsistent with the uncertainty range of global
changes (criterion 1). However, this limitation can be overcome if the selection of

synthetic scenarios is guided by information from GCMs.

2.2.2.2 Analogue scenarios

Analogue scenarios are constructed by identifving recorded climate regimes which
may resemble the future climate in a given region. These records can be obtained
either from the past called temporal analogues or from another region at the present

known as spatial analogues.

22230 .'.i';mrim frgglﬂnmLelmuhufnn model outputs

General circulation models also known as Global Climate Models (GCMs) or
_'_--_.--_ »

numerical models, representing physical processes in the atmosphere, ocean,

cryosphere and land surface, are the most advanced tools currently available for

simulating the response of the global climate system to increasing greenhouse gas

concentrations. Simpler models have also been used to provide globally- or

regionally-averaged estimates of the climate response. According to IPCC (1994),
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only GCMs, often in conjunction with nested regional models or other downscaling
methods have the potential to provide geographically and physically consistent
estimates of regional climate change which are required in impact analysis.

GCMs depict the climate using a three dimensional grid over the globe, typically
having a horizontal resolution of between 250 and 600 km, 10 to 20 vertical layers in

the atmosphere and sometimes as many as 30 layers in the oceans (as shown in figure

).
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Figure 2.1: Conceptual structure of a coupled atmosphere-ocean general circulation

model

Source: Viner and Hulme (1997)
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Their resolution is thus quite coarse relative to the scale of exposure units in most
impact assessments. GCM-based simulations of future climate cannot properly model
many physical processes, such as those related to clouds which occur at smaller scales
and various feedback mechanisms in models concerning, for example, water vapour
and warming, clouds and radiation, ocean circulation and ice and snow albedo. GCMs
for this reason may simulate quite different responses to the same forcing; simply
because of the way certain processes and feedbacks are modelled. These are sources

of uncertainties in GCM-based simulation models

2.3 The SRES emissions scenarios
In 2000, the IPCC published a set of emissions scenarios called Special Report on
Emissions Scenarios — SRES for use in climate change studics. The SRES scenarios
were constructed to explore future developments in the global environment with
special reference to the production of greenhouse gases and acrosol precursor
emissions (IPCC-TGICA, 2007)
The report adopted the following terminology:
¢ Storyline: a narrative description of a scenario (or a family of scenarios),
highlighting the main scenario characteristics and dynamics, and the
¥ ;i_::_:T_ﬂliﬁl'l ships_’ig_gy_’u'_cuu_ksy driving forces.
* Scenario: projections of a potential future, based on a clear logic and a
quantified storyline.
* Scenario family: one or more scenarios that have the same demographic,

politico-societal, economic and technological storyline.

L BRARY
.-nm!E NKRUMAH univeRsiry or
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The SRES team defined four narrative storylines, labelled Al, A2, Bl and B2,

describing the relationships between the forces driving greenhouse gas and aerosol
emissions and their evolution during the 21st century for laree world regions and
globally. Each storyline represents different demographic, social, economic,
technological. and environmental developments that diverge in increasingly
irreversible ways. The four storylines combine two sets ol divergent tendencies: one
sel varying between strong economic values and strong environmental values, the

other set between increasing globalization and increasing regionalization.

Nakicenovic et al., (2000) summarized the storylines as follows:

(@) Al storyline and scenario family:
This scenario describes a future world of very rapid economic growth, global
population that peaks in mid-century and declines thereafier, and rapid introduction
of new and more efficient technologics. Major underlying themes are convergence
among regions, capacify building and increased cultural and social interactions, with
a substantial reduction in regional differences in per capita income. This family is
divided into three groups that are distinguished by their technological emphasises:
fossil intensive (A1FI), resulting in atmospheric €O concentration increasing from
the_ !:I’_é_'é,;nLS?[} ppnllq_@jgngsL.!.ﬂﬂﬂ ppm by the year 2100; non-fossil sources (A1T),
atmospheric CO; 550 ppm in 2100; and balance (A 1B), atmospheric CO; 700 ppm in

2100.
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(b) A2 storyline and scenario family:
This scenario describes a very heterogeneous world with continuously increasing
global population and regionally oriented economic growth that is more fragmented

and slower than in other storylines,

(c) Bl storyline and scenario family:

This scenarios describes a convergent world with the same global population as in the
Al storyline but with rapid changes in economic structures toward a service and
information economy, with reductions in materials intensity, and the introduction of

clean and resource efficient technologies.

(d) B2 storyline and scenario family:
This scenario describes a world in which the emphasis is on local solutions to
economic, social, and environmental sustainability, with continuously increasing

population (lower than A2) and intermediate economic development.

2.4  Climate change impacts on water resources
Climate change will lead to an intensification of the global hydrological cycle and can
haw.:: rlﬁjbr. impacts WWHL:r resources, affecting both ground and surface

water supply for domestic and industrial uses, irrigation, hydropower gencration,

_--._-._ - - - -
navigation, in-stream ecosystems and water-based recreation (IPCC, 2001).

However, the impacts of climate change will depend on the baseline condition of the
water supply system and the ability of water resource managers to respond not only to
climate change but also to population growth and changes in demands, technology,

and economic, social and legislative conditions.
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Water resources in Ghana are essential for socio-economic development. Impacis of
climate change on the water resource can put the country at risk. EPA, (2000)
assessed the impacts of climate change on water resources in Ghana by selecting a
basin each from the three hydroclimatic zones. The basins are Pra from the South-
Western basin system, Avensu from the Coastal basin system and the White Volta
from the Volta basin system. Findings from the study show that there was observed
increase in temperatures of about 1°C over a 30 year period and reductions in rainfall
and runoff of about 20 and 30% respectively in the historical data sets. Using
synthetic scenario they found out that runoffs or discharges in all the representative
basins are sensitive to changes in precipitation and temperature and thus to climate
change. A 10% change in precipitation and a 1°C rise in temperature can cause a
reduction in runoff of not less than 10%. Simulations using GCM-based climate
scenarios indicated reduction in flows between 15-20% and 30-40% for the year 2020
and 2050 respectively in all the basins. They also found out that climate change can
cause reduction in groundwater recharge between 5 and 22% by the year 2020.

Reductions for the year 2050 are projected to be between 30 and 40%.

Matondo and Msibi, (2001) found out that in Swaziland, climate change would affect
ﬂmy_rigﬂimﬂﬁ-- and water resources through impact on rainfall distribution patterns,
magnitude and intensity of individual precipitations, evaporation arising from

-_-_._--_'_ a - + - -
temperature and radiation changes, and alternations in vegetation response.

2.5  Climate change impacts on water supply and water demand
Domestic water demand is driven to a large extent by the population growth and the

industrial water demand by expansion of industrics for socio-economic development.
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Studies conducted by EPA, (2000) show that the direct impact of climate change, in
terms of temperature and precipitation changes, on water demand by most industries
is envisaged to be very small. The climate change impacts, with rise in tlemperatures,
may be on cooling processes, They found out that residential water demand is
inversely correlated with precipitation and positively correlated with average
temperature. They could not investigate the impacts of climate change on domestic
water demand due to lack of data. However, findings indicate that both surface and
groundwater resources will decrease across the country in the year 2020 and 2050. It
Is therefore predicted that water demand will increase in general due to increase in

population and the need for improvement in socio-economic ¢onditions.

2.6 Plant responses to water stress

High temperatures lead to high evapotranspiration rates which induce water stress and
yield reduction, Physiologically, high temperatures induce higher rate of growth but
the overall growing period becomes shorter. The shortened reproductive stages due to
high temperatures limit carbohydrate accumulation resulting in overall yield
reduction. According to Hsiao et al, (1976) the most obvious effect of water stress is
growth reduction. Since plants show a marked acclimation to water stress, water
dﬁﬁiiﬁﬂa&- gre:at_i}ygmudify- plant development and morphology (Jones, 1992).
Bisgrove and Hadley (2002) described how plants will adapt to water stress. These

fﬂdaptatinns are;

= In the longer term (days, weeks, months), early flowering, compact plants with

thicker leaves and resources oriented to root development.
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* In the very long term (centuries, millennia), plants will develop adaptive
mechanisms such as hairiness, waxiness, water shortage tissues or specialized
metabolisms.

Nevertheless, the effects of water stress are dependent on the extent of the water

deficit and are different for the different plant species (Griffths and Parry, 2002).

2.7 Impacts of climate change on soils and water regime

Climate change may manifest itself in changes in rainfall, temperature and
atmospheric COy. These changes will affect soil ecology and organic matter in turn
affecting soil structure and finally water regime and plant growth. Organic matter
improves the structure of the soil and its water holding capacity. Climate change will
lead to accelerated loss of soil organic matter and therefore tend to release nutrients in
large quantities (Bisgrove and Hadley, 2002}, Decreasing amount of organic matter as
a result of climate change will incite negative effect on the structural stability of soil,
reducing it water holding capacity (Bisgrove and Hadley, 2002; Diaz, 2007). Higher
temperatures as a result of climate change will increase evaporative demand and
affect the soil moisture content needed by plants for growth, Extreme rainfall
intensities may result in serious soil erosion and overall land degradation. Prolonged
drqu_gljf{:.anditinns j_j]],ﬂd!&%ﬁﬂ'l}' affect the entire hydrological regimes of the study
area, which will result in a threat of desertification. Much less rainfall and increasing

P A

intra- and inter-annual variability could lead to less dry-matter production and hence,
in due course, lower soil organic matter contents. Periodic leaching during high-
intensity rainfall with less standing vegetation could desalinize some soils in well-
drained sites, increased runoff in others, and lead to soil salinization in depression

; L BRARY
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SCIESGE anD TECHNOL DgY
NUMASI-GRANA

Kofi Asante 17 MSc Thesis, 2009



Chapter 2 Literature Review

In assessing the impact of climate change on irrigation water use, the modification of
the soil as a result of climate should be critically looked into. This is because the soil
ability to hold water for plant growth will determine the amount of irrigation water
that should be applied. The soil should be properly managed to avoid water wastage
and other environmental problems such as water-logging in heavy soils and its

concomitant problem of pest and disease infestation.

2.8  Climate change Impacts on irrigation

Agriculture is the largest user of water among human activities. According to Fischer
et al. (2006), irrigation water withdrawals are 70% of the total anthropogenic use of
renewable water resources — about 2630 Gm*/year out of 381 5Gm’/year, As part of
impacts, vulnerability and adaptation to climate change and Ghana's initial
communication to UNFCC, EPA (2000) assessed the impacts of climate change on
irrigation demand. The CROPWAT model was used to determine the net irrigation
water requirements using the temperature and precipitation scenarios for the base
period, 2020 and 2050 period as inputs. The net irrigation water demand was
converted to the gross water demand by dividing by the local efficiency factor of (.54,
The gross water demands in the Pra, Ayensu and White Volta basins (selected from
thE_TfiEm;-f;-h}*drnckiJnlaj,ﬁmws} were determined for the year 2020 based on planned
area to be put under irrigation by Ghana Irrigation Development Authority (GIDA),
without consideration to climate change and then with climate change. For the year
20510, the areas to be irrigated were estimated based on population increase from 2020
to 2050, The results from the study are enumerated as follows. Water demand in the
Pra basin for the year 2020 will increase by 551% and 510% with and without

respectively from the base period of about 4,200,416 m’, Furthermore, water demand
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in the Pra basin for 2050 will increase by 922% and 771% with and without climate
change respectively. Water demands for the years 2020 and 2050 in the Ayensu basin
for climate change alone are 141% and 652% respectively of the base value of 48,128
m’. The water demands in the White Volta basin for the years 2020 and 2050 for
climate change alone are 278% and 1,206% respectively of the base value of
6,056,400 m”. It can be envisaged that the changes in area put under cultivation from
the years 2020 to 2050 in all cases were slightly less than 50%. The changes in the
water demand due to climate change were found to be about four (4) times (EPA,

2000).

Results by Fischer et al (2006) indicate that climate change is likely to increase water
scarcity around the globe, mostly in regions that already suffer under present
conditions, such as the southern Mediterranean, the Middle East, and Sub-Saharan
Africa, Other studies have been carried out to deal with future regional and global
changes in irrigation water for agriculture. D6l and Siebert (2001) worked on global
modelling of irrigation requirements. They developed a global irrigation model by
integrating simplified agro-ecological and hydrological approaches. Dol (2002)
investigated global impacts of climate change and variability on agricultural water
irrig_aﬂ@fdémand b_'f,f / comparing-the impacts of current and future climate on irrigated
cropland using the framework developed in 2001. Results by Dl (2002) show that
_-.ﬂ__c:hanges in precipitation, coupled with increases in evaporative demands, increase the
need for irrigation worldwide, with small relative changes in total, about +5 10 8% by
2070 — depending on the general circulation model (GCM) projection — and larger

impacts, about +13%, in Southeast Asia and the Indian subcontinent.
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2.9  COzimpacts on plant water usc

CO; concentration is predicted to increase in future as a result of anthropogenic
factors. Studies on irrigation water use should look at the impact of CO; concentration
on plant water use, Climate change may cause water stress and its effects but analysis
of the effect of rising CO; concentrations is proving differently. Allen et al (1990) and
Diaz (2007) report that interaction of elevated CO» concentrations and water siress
showed that plants growing in elevated CO; were able to withstand stress better and
olten showed a delay in the onset of the stress because of the decrease in stomatal
conductance and transpiration. Water use efficiency increases as a result of decrease
in stomatal conductance and transpiration, In subtropical and other sub-humid or
semi-arid areas, the increased productivity and water-use efficiency due to higher CO;
would tend to increase ground cover, counteracting the effects of higher temperatures.
Higher atmospheric CO; concentration increases growth rates and water-use
efficiency of crops and natural vegetation in so far as other factors do not become
limiting. The higher temperature optima of some plants under increased CO, would
tend to counteract adverse effects of temperature rise, such as increased night time
respiration. The shortened growth cycle of a given species because of higher CO; and
temperature would be compensated for in natural vegetation by adjustments in species

currgggéi{iqnﬂr dumirlgrj:;_(ﬁrinkrnmi and Sombroek, 1996).
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CHAPTER THREE '

3 STUDY AREA

3.1  Geographical location and population

The Upper East Region (UER) is located at the north-eastern corner of Ghana
between latitudes 10°30' and 11°15' North and longitudes 0° and 1°30' West. It is
bordered to the north by Burkina Faso, the east by the Republic of Togo, the west by
Sigsala in Upper West and the south by West Mamprusi in Northern Region. The
total land area is about 8,842 sq km, which translates into 3.7 per cent of the total land
area of the country. There are nine administrative districts: Bawku Municipal, Bawku
West, Bolgatanga Municipal, Bongo, Builsa, Garu-Tempane, Kassena Nankana,
Talensi-Nabdam and Kassena-Nankana West as shown in figure 3.1. Bolgatanga is

the regional capital of Upper East region.

Figure 3.1: Map of UER showing the districts and Tono and Vea irrigation projects
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The region has a population of 920,089 which is made up of 442,492 males and
477,597 females (GSS, 2005). The major ethni¢ groups are the Bimoba, Bissa, Buli,

Frafra, Kantosi, Kasem, and Kusasi.

3.2 Climate

The region is within the inter-tropical convergence zone where the movement of the
two air masses- the harmattan or North East (NE) trade winds and the southwesterly
monsoon winds determines its climate. Rainfall in the region is uni-modal which is
crratic and spatially distributed starting from April/May and ending in September/
October with a dry period of 6 — 7 months. Average annual rainfall ranges between
700 and 1100 mm. Temperatures in the region are consistently high, with the hottest
month being March or April (40-42°C) and coolest month being August (26°C). Mean
annual temperatures are around 28-29°C (Mdemu, 2008). Relative humidity fluctuates
considerably from less than 10% during the dry season to mare than 63% during the
rainy season. The region is generally characterized by low wind speed varying
between 0.4 and 2.5 m/s. Evapoltranspiration is generally high during the dry season

and this affects crop water requirements.

33 _'_E_-_;’.'F_l:llaugy A

The geological formations covering the UER are divided into three main groups, the

_-_—-_._ . a . s a a -
Granitic, Voltaian, and Birrimian rocks. A large part of the area is underlain by

metamorphic and igneous complexes with gnesis and granodiorite predominating;
where hills rise above the soil surface. In the south-western boundary of the region, a
substantial band of sandstone. grit and conglomerate parallels the boundary and the

course of the White Volta River. There are small arcas of intrusive diorite in the
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north-west of the region. Laterite has been formed by fluvial processes in the flat
lands adjacent to present and past water course and occur over large areas, Sand

occurs al local deposits and along most of the major river courses.

34 Soil

Soils in UER are generally formed by the weathering of the bedrock which are mainly
granite, although some drift of soil transported by wind and water is also found
(Adwubi, 2007) They belong to luvisols, cambisols, greysols, regosols, vertisols,
plinthosols and fluvisols developed from granites, birimian rocks and alluvia of mixed
origin (Quansah, 2005), The soils have predominately light textured surface horizons,
shallow and low in soil fertility, weak with low organic matter content, and
predominantly coarse textured, Erosion is scrious problem on these soils. Soils in the
valley botioms are heavy textured. Valley areas have soils ranging from sandy loams
to salty clays. They have higher natural fertility but are more difficult to till and are

prone to seasonal waterlogging and [loods.

3.5  Relief
The relief of the area is generally flat, gently undulating with slopes ranging from 1 to
5% exc;é_ﬁ’; ina few st)yhﬂe slopes are about 10% (Adwubi, 2007). According

to Adu (1969), the relief of the UER is related to the geology, where a range of

_--._-_-_ Ll L " a 4 =
Birrimian greenstone hills rising up to 457 m above sea level dominate north of

Bawku and Zebilla along the border with Burkina Faso and in the southwest along the
White Volta River (WVRY. The granite areas are generally of low, gently rolling relief
ranging from 122 m to 260 m above sea level. The relicl under Voltain rocks has

similar characteristics to granites, with few escarpments rising above 518 m near the

Kofi Asante 23 ¥ MSc Thesis, 2009



Chapter 3 Study Area -

border with Togo in the cast. The mean elevation for the region is 197 m above sea

level (Liebe, 2002).

3.6  Vegetation

The UER belongs to the Guinea and Sudan Savannah Agro-Ecological Zones (AEZs).
The Guinea Savannah covers large parts of the UER in the western half and southern
part of the region, while the Sudan Savannah covers the north-castern part. The
natural vegetation in both zones is that of the savannah woodland characterized by
short scattered drought-resistant trees and grass that gets burnt by bushfire or scorched
by the sun during the long dry season. The natural vegetation has been modified by
human activities resulting in near semi-arid conditions. The most common economic
trees are the sheanut, dawadawa, boabab and acacia. Common grasses include
Andropogen gayyanus in the less eroded areas and Hyperrhenia spp., Aristida spp.

and Heteropogen spp. in the severely eroded areas,

3.7  Drainage

The area is mainly drained by the WVR and its major tributaries, the Red Volta, the
Sisili River, Atankwidi River and T'ono River. The drainage basin of the WVR within
the Lil;Rs!.a,Fts frﬂnj ’Eggt_h_naﬁl along the border with Burkina Faso draining all areas
along Bawku East and West down south. On the edges of the Gambaga escarpment,
the WVR drainage turns southwest, separating the UER from the Northern Region. In
the west, the region is drained by the Sisili River, which joins the WVR in the
southwest corner of the UER. Areas between Bongo and Zebilla on the western side
of the WVR are drained by the Red Vola River, which joins the WVR on the edges

of the Gambaga escarpment as the WVR turns southwest. The areas north of
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Bolgatanga and large parts of Navrongo are drained by the Atankwidi sub-catchment,
while the Tono sub-catchment drains areas northwest and west of Navrongo. All
tributaries south of the WVR in the Gambaga escarpment drain southward away from
the WVR (Liebe, 2002). Most of the subcatchments in the UER have developed
inland valleys of different sizes and shapes. Small and medium-sized reservoirs have
been constructed (Liebe, 2002) in these inland valleys to supply water for crop

irrigation, livestock and domestic, fishery and other uses during the dry season.

3.8  Socio-economic activities

Agriculture, hunting and forestry are the main economic activities in the region.
About cighty per cent of the economically active population engages in agriculture.
The main produces are millet, guinea-corn, maize, groundnut, beans, sorghum and dry
season tomatoes and onions. Livestock and poultry production are also important.
Irrigation schemes in the area are vital for increasing food security and rural income
by providing water for dry season farming, livestock and fishery. Industrial activity
in the region is generally low, with two industries in operation at the moment. These
are the newly built cotton ginnery at Pusu-Namongo (near Bolgatanga) and the
Northern Star Tomato at Pwalugu. Other existing industries are the Meat Processing
Factn_ri(f]lHDE} at_ "L:E;[un,gu_and the Rice Mills at Bolgatanga.

__##3.9 Description of Tono and Vea Irrigation Projects

The Tono Irrigation Scheme is located at Navrongo in Kassena-Nankana District of
the UER. The scheme was constructed between 1975 and 1985 by Taysec, a British
engincering company and it's being managed by the Irrigation Company of Upper

Region. The Tono project covers a gross area of 3,860 hectares with about 2,490
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hectares developed for irrigation. The scheme consists of reservoir with a maximum
surface area of 1860 hectares and a maximum storage volume of 93 Mm>. The
reservoir is filled by collecting runoff from a catchment area of about 650 km*. The
scheme has road networks and two main canals serving the right and left banks with a
total length of about 120 km and 42 km respectively. The soils in the scheme have
light top soils varying in texture from coarse sands to loams, and sub-soils varying
from coarse sandy loams to clays with variable amounts of gravel (Boateng and

Ayamega, 1992),

The Vea irrigation project is located at Vea in the Bongo District of UER, The project
was started in 1965 and completed in 1980. It has a gross project area of 1,197
hectares with about 850 hectares developed for irrigation. The project has a reservoir
with a maximum surface area of 405 hectares and maximum storage of 17 Mm”, The
maximum storage of the reservoir consists of live storage of 16 Mm® and dead storage
of | Mm?®. The reservoir has a total crest length of 1,585 metres. The rescrvoir is built
along the course of River Yaragatanga and it is also filled by collecting runoff from a
catchment area of 136 km”. The project has a network of roads and canals with a total
length of the main road and main canal of about 18 km and 21 km respectively. The
prﬁ__it_c.t_"_i; ;:liv-ided lﬂif_l.rll__l_.l_p.]_ﬂﬂll-dﬂd lowland. In the upland, tomato, onion, pepper.

sorghum, millet, groundnut, etc, are cultivated using furrow system. Rice is cultivated

_-_-_'_--_ . . a - .
using basin flooding in the lowland. The Vea irrigation project has fish ponds which

covers about 3.2 hectares.
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CHAPTER FOUR

4 MATERIALS AND METHODS

The following materials and methods were used for this study.

4.1  Site selection

There are more than one hundred and sixty small reservoirs used for irrigation in the
Upper East region (van de Giesen et al. 2002). However the two medium reservoirs.
Tono and Vea were selected for the study as shown in figure 3.1. These sites were

selected based on the following criteria.
* Reservoirs that do not dry up during the dry season

e Availability of data necessary for the study

4.2  Data collection

Data were collected from both primary and secondary sources. Secondary data were
historical meteorological data such as rainfall, temperature, relative humidity, wind
speed, and sunshine hours for the study area collected from the Ghana Meteorological

Agency regional office in Bolgatanga and used as the baseline data for climate.

The giﬁ'crent‘typcs of ceops—under irrigation and areas of land cultivated each year

were obtained from official records of Irrigation Company of Upper Region
B A0

(ICOUR).

Relevant literature such as peer reviewed journals, text books were obtained through

internet and library search. The CROPWAT and MAGICC (Model for Assessment of

Greenhouse gas Induced Climate Change) models were downloaded from the internet.
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The primary dala were obtained by interviewing various stakeholders such as the
project manager of ICOUR, regional director of Environmental Protection Agency
(EPA), the basin officer of White Volta Basin (WVB) and the regional director of

Ministry of Food and Agriculture (MoFA).

4.3 Assessing Current Irrigation demand

Historical irrigation patterns represent the current irrigation demand for predicting
future conditions. Historical water abstractions from the Tono and Vea reservoirs
could show how irrigation water use varies over the vyears. Historical water
abstractions from Tono and Vea reservoirs were to be collected from ICOUR.
However, there are no records of water abstractions from ‘T'ono and Vea reservoirs.
Historical water abstractions were therefore estimated based on the crops cultivated,
areas of land cultivated and the irrigation efficiency. Irrigation needs of four major
crops (rice, tomato, pepper and onion) which are grown at Tono and Vea irri gation
schemes were computed. These crops were selected because they are cash Crops
which are irrigated during the dry season. Water abstractions from the reservoirs are

used for irrigating these crops during the dry season.

CRGP_W:_;%::T.-FHUEIH W—Hd Agriculture Organization (FAO) was used to

estimate net crop irrigation water requirements (NIR). NIR is defined as the amount

_-_-_'_._-_ - [ - - = - - -
of water in addition to available soil moisture from precipitation that crop plants on

irrigated land must receive to grow without water stress. The CROPWAT model used

the equation below to compute NIR.
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NIR = kX ET,— Py (1)
where, NIR =  net irrigation requirement [mm/d]; k. = Crop coefficient
|[dimensionless], ET, = potential evapotranspiration [mm/day); Por = Effective

precipitation [mm/month)

Crop coefficient, kc is a function of the crop type and the day of the growing season.
Perr is the fraction of the total precipitation, (P) that is available to the crop and does

not run off,

Patential evapotranspiration, ET, is caleulated using FAQ Penman-Monteith equation
(Allen et al., 1998) below with parameters of temperature, relative humidity, sunshine

hours, and wind speed.

(R, -G) 5 fe,—e,)
e,

&li= = . (2)
A+ ;ru[l + i}
Ta

where: ET, is potential evapotransipiration [mmd-1], R, is the net radiation [MJm ™ d’

'}, G is soil heat flux [MJm~2d '], (e;-¢.) represents the vapour pressure deficit of the

air [KPa], p, is the mean air density at constant pressure [kgrn'3j, ep is the specific heat

of th:ja};- [MIkg' °C—A-represents the slope of the saturation Yapour pressure-

temperature relationship [kPa®C '], A is the latent heat of vaporization [MJkg''], Yo =
e

psychrometric constant [kPa”C']]_ Fe IS crop resistance [5m'1j, and #, is aerodynamic

resistance [sm '],
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The CROPWAT model requires input data below to compute NIR.
» Climatic data — mean monthly maximum and minimum temperatures (°C),
monthly rainfall (mm), relative humidity (%), sunshine duration (hours) and
wind speed (m/s)

= Crop data - the crop type and planting date

The net irrigation requirement is computed using the climatic data for the period 1985
to 2006 and the present-day long-term average climatic conditions, 1977-2006

(baseline climate). Long term average irrigation requirement is also calculated.

The gross agricultural water withdrawal for irrigation, popularly known as gross
irrigation requirements (GIR) is then estimated from NIR via an irrigation efficiency
parameter (Irrer), an indirect proxy of irrigation water loss.

NIR
.frrw,

GIR = (3)

Volumetric irrigation demand which represent abstraction from the reservoirs is
computed by multiplying the gross irrigation water withdrawals for irrigation with the

areas of land under cultivation, A.

bl me ——

4.4  Climate change scenarios generation

LA AL,
Two well defined climate scenarios were used to create a set of luture climatic
conditions. In the first one, synthetic scenarios were developed by uniformly
increasing or decreasing the historical data sets. Temperatures of the baseline were

increased by 1°C, 1.5°C or 2°C and rainfall decreased by 10%, 15% or 20% of the

base values. In the second method, the output of General Circulation Models was
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used. The method takes into account the consequences of anthropogenic interference
with the climate system through the emission of Greenhouse Gases into the
atmosphere and the cooling effect of anthropogenic sulphate aerosols on future global
and regional temperature. A simple climate model known as MAGICC (Model for
Assessment of Greenhouse gas Induced Climate Change) developed at the Climatic
Research Centre (CRU) of the University of East Anglia (UCA) is used. MAGICC is
a climate model that drives a spatial climate change scenario generator known as
SCENGEN which allows user defined emission scenarios, choice of atmospheric
sensitivity and choice of GCM results. This makes it possible to compare the global
warming potential of different GCMs under the same greenhouse gas foreing

specifications.

Model selection and validation

MAGICC has currently 20 models with full set of data required for use in SCENGEN.
A standard method for selecting models is on the basis of their ability to accurately
represent current climate, either for a particular region and/or for the globe. All the
models in SCENGEN data base are ranked by the manufacturer’s using annual
precipitation as shown in appendix D. In choosing the appropriate models for this
stl.u:_l}f',__t!{é first four wgdms (CCCMAS, MRI-2.3.2, ECHO-G and HadCM3)
and model which has been used in similar studies (CSIRO) were selected and used to
model mean monthly temperature and rainfall values of Navrongo for the period 2000
to 2003 using the climatic normal of 1961 — 1990, The modelled temperature and
rainfall values of Navrongo by each model for the period 2000 to 2005 were plotted
against the actu_a] measured mean monthly temperature and rainfall for the same

period. The graphs were critically analyzed to determine which models were close 1o
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true measured temperature and rainfall values for the period 2000 — 2005, The co-
efficient of determination, R’ of the graphs shown in appendix E were used to select
the appropriate model which is close to measured mean monthly temperature and
rainfall for the period 2000 — 2005. On the basis of the co-efficient of determination,
R* two models — MRI-2.3.2 and ECHO-G were close to measured temperature and
rainfall values for the period 2000-2005. MRI-2.3.2 A and LCHO-G were selected for

this study.

Two outputs of GCMs, the MRI-232A (the Meteorological Research Institute of
Japan model) and ECHO- G (the Hamburg Atmospheric-Ocean Coupled Circulation
model) with atmospheric sensitivity of 3°C were used in the construction of the
climate change scenarios. MAGICC parameter and aerosol effect were set at mid-
range value. The greenhouse ecmission scenaric known as AIFI was used
(Nakicenovic et al, 2000), Temperature and rainfall changes were extracted from the
MRI-232A and ECHO-G for the Upper East Region for the year 2020, 2050 and
2080. The changes in temperature and rainfall were applied to baseline climate (1977
-2006) to develop climate change scenarios. The observed monthly temperature and

rainfall values of the baseline were scaled by climate change as computed by the two

GCMs= MRI-232A and ECHO-G. In the case of temperature, the observed values of
—— _‘_'_'_,_.--—'_'_'_

the baseline were scaled by adding to them the changes determined from the two

models. With respect to rainfall, the observed values of the bascline were scaled by

applying the percentage changes to them.

“ouct BGIENQE .-AMIFE::E“"
S -!IIH!LW"—EHIH"
"o =hE- -3
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4.5  Future climatic conditions
The results from the climate change scenarios represent future climatic conditions for
the Upper East Region, Temperature and rainfall values for the year 2020, 2050 and

2080 determined from the climate change scenarios,

4.6  Future Irrigation water demand
Future irrigation water demand were estimated based on future climatic conditions
generated with the same procedure and formulae used for the current irrigation

demand described above.

4.7  Climate change adaptation strategies.

Project manager of ICOUR, regional director of EPA, regional director of MOFA and
the basin officer of White Volta Basin were interviewed to know potential climate
adaptation measures that can be implemented in the region to cope with climate
change. Adaptation strategies implemented in other countries were also reviewed to

know those that can be implemented in the region.
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CHAPTER FIVE

5 RESULTS AND DISCUSSION
g1 Historical water abstraction baseline

The Tono and Vea reservoirs can store water of about 93 Mm' and 16 Mm’
respectively. The reservoirs were constructed mainly for irrigation during the dry
season; however the reservoirs now supply domestic water. The Vea reservoir supply
domestic water to Bolgatanga Township while Tono reservoir supplies water 1o
ICOUR Township | and 2 and some villages within its catchment. In 2008, about
1,454, 000 m’ of domestic water was abstracted from Vea reservoir for Bolgatanga
Township. However, there are no records on domestic water abstracted from Tono
reservoir. The largest abstractions from the reservoirs are mainly for irrigation during
the dry season while in the wet season supplementary irrigation is practiced. Water
abstractions were estimated by considering the four major crops (rice, tomato, pepper
and onion) which are grown during the dry season. Irrigation requirements for the
four major crops cultivated during the dry season were computed using the climatic
data for the period 1985 to 2006 and the arcas of the land occupied by the crops and
the irrigation efficiency. The Tono and Vea irrigation schemes were designed with an
irrigation efTiciency of 65%. However, the schemes have deteriorated due 1o poor
mlmtmfinu and mw with an irrigation efficiency of about 40%. In the
estimation of irrigation abstraction, an irrigation efficiency of 50% was chosen 10 be a
— representative of the ¢fficiencies that the schemes operated from 1985 10 2006. Table
5.1 shows the quantity of water abstracted from Tono and Vea reservoirs for dry

scason irrigation from 1985 10 2006. L.:BRARY
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Results and Discussion :

Table 5.1: Water abstraction from Tono and Vea reservoirs for dry season farming

Year

1985 - 86
1986 - 87
1987 - 88
1988 - 89
1989 - 90
1990 - 9]
199] - 92
1992 - 93
1993 - 94
1994 - 95
1995 - 96
1996 - 97
1997 - 98
1998 - 99
1999 - 00

2000 - 01

200102 -

2002 - 03
2003 - 04
2004 - 05
2005- 06

Average

Irrigation abstraction (Mm®)
Vea Reservoir

Tono Reservoir

9.68
13.96
18.85
19.72
13.03
11.86
12.28
14.72
12.72
18.02
19.86
23.40
11.30
23.58
21.77
27.67
__loop -
19.83
17.50
21.40
66

17.18

4.71
6.91
7.45
2.51
8.88
4.65
3.61
2.71
4.77
2.54
6.28
4.83
4.30
5.32
4.12
4.60
5.79
5.74
1.91
1.82
2.39

4.56

Kofi Asante

35

MSc Thesis, 2009



Chapter 5 Results and Discussion

Abstractions ranged from 9.66 Mm® in 2005/2006 season to 27.67 Mm® in 2000/2001
scason fur Tono reservoir and 1.82 Mm® in 2004/2005 season to 8.88 Mm® in
1989/1990 season for Vea reservoir. The average quantity of water abstracted from
Tono and Vea reservoirs for the cultivation of the four crops is 17.18 Mm® and 4.56

Mm? respectively.

The quantity of water abstracted from the reservoir during a season depends on the
weather conditions and the area of land cultivated. If there are high temperatures
during a particular season, more water is abstracted from the reservoir because
evapotranspiration increases with high temperatures. The estimated abstractions from
the reservoirs for the cultivation of the four crops as shown in Table 5.1 are far less
than the maximum storage capacity of 93 Mm® and 16 Mm’ for Tono and Vea
respectively, provided enough water is stored during the wet season. It can be
deduced from Table 5.1 that the stored water in the reservoirs were sufficient for
irrigation of the four crops because the areas under cultivation shown in appendix C
were less than the total irrigable area of Tono and Vea irrigation schemes of about
2490 hectares and 850 hectares respectively which the schemes were designed for,
However, possible increase in irrigation waler use as a result of climate change and

extension of land under cultivation and increase in domestic water supply as a result

of population growth might lead to the reservoirs not being able to supply the required

walter needed for irrigation if the planned irrigable areas are to be cultivated.

5.2  Current irrigatien needs
The theoretical irrigation requirements of the four major crops were computed to

serve as a bascline. The irrigation requirements were calculated based on planting
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dates of these crops determined by interviewing farmers and extension officers and
the climatic conditions for the period 1985 to 2006. Table 5.2 provides details of the

growing periods of the crops

Table 5.2: Growing periods of crops

Crop type Growing period
Rice November 5 —April 4
Tomato October 20 — March 14
Pepper October 20 - February 27
Onion December 5- March 10

The other crop characteristics such as depletion factors, crop coefficients, and
maximum root depth were taken from FAO Manual 56 (Allen, et al. 1998) which has
been incorporated into the CROPWAT model. The model has a database' of these
parameters which are long time averages for different crops. The Ministry of Food
and Agriculture and Ghana Irrigation Development Authority also in the calculation
of irrigation requirements adopt these crop characteristics from FAO manual 56. The
irrigation requirements of pepper for the period 1985 to 2006 and long term average
irrigation requirements, LTA, and temperature are shown in Figure 5.

s e

-

' The database contains crop coefficients which depend on crop height, albedo (reflectance) of the
crop-soil surface, canopy resistance and evaporation from soil, especially exposed soil.
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Irrigation Requirements for Pepper
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Figure 5.1: Irrigation requirements of pepper

The irrigation requirement of the crops between different years varies. The irrigation
requirement of rice ranges from 823.2 mm/period to 905.5 mm/period with long time
average (LTA) of 871.5mm/period. The irrigation requirement of tomato ranges from
657.2 mm/period to 702.9 mm/period with long time average of 680.1 mm/period and
that of pepper ranges from 536.2 mm/period to 5782 mm/period with long time
average _nf 558.9 m@pﬂﬂm irrigation requirement of onion ranges from 417.7
mm/period to 457 4 mm/period with long time average of 441.8 mm/period.
-

The variations in irrigation requirements of pepper as seen in Figure 5.1 above and the
other crops in appendix F between the various years indicate that irrigation
requirements changes with climatic conditions. There seems to be an apparent
increasing trend in the irrigation water requirements of pepper as can be observed

from Figure 5.1. The irrigation requirements are calculated using the CROPWAT
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madel which is a function of the crop coefficient, potential evapotranspiration and
effective precipitation. The crop coefficient remains constant for different years and
therefore changes in irrigation requirements depend on the potential
evapotranspiration and the effective precipitation. The potential evapotranspiration is
calculated from monthly climatic data (temperature, relative humidity, wind speed
and sunshine). In the calculation of the potential evapotranspiration, long term
averages of relative humidity, wind speed and sunshine duration were used for the
period 1985 to 2006 and therefore the changes in the potential evapotranspiration
were as result of changes in temperatures. Considering the irrigation requirements of
pepper shown in Figure 5.1, it was found that increase in femperature increases
evapotranspiration and therefore irrigation requirements. However, if it rained during
the growing season, it tends to reduce the irrigation requirement. For instance, in the
1997- 98 growing season, higher temperature was recorded than the previous season
(1996-97) and therefore the irrigation requirement should have been higher than the
previous season. However, the irrigation requirement of pepper in that season was
smaller than that the previous season because it rained during that period as can be
seen in appendix A. Furthermore, in the 2002-2003 growing season, even though
there was much higher temperature of about 36.5°C, the irrigation requirements was
smaller because an appreciable rainfall of 105,5mm was recorded and can be seen in
b it
appendix A, From Figure 5.1, it can be concluded that variations in irrigation
requirement of pepper is a function of variability in rainfall pattern, amount of rainfall
and temperature changes. Similarly analyses were done for the remaining three crops;
rice, tomato and onion as shown in appendix F and it was found that rainfall and
temperature changes affected irrigation requirements, This gives an indication that

future changes in temperature and rainfall will affect irrigation requirements.
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The irrigation requirements of the crops were also computed based on 30-year
average climatic conditions 1977 -2006 (baseline climate) shown in appendix B.
Figure 5.2 shows comparison of irrigation requirements based on average climatic
conditions (1977 — 2006) and averaging of irrigation requirements for the period 1985
to 2006. The long time average irrigation requirements calculated based on average
climatic conditions 1977 -2006 (baseline climate) differs from the averaging of 22-

year time series of irrigation requirements as shown in Figure 5.2.

1000.0 —— =
9000 | 274.78715 g |

Irrigation needs (mm)
R
[=] = (=] (=] [=]

300.0 +
200.0 -

100.0 -

0.0 +

Rice Tomato Pepper Onion
® Irrigation needs based on Baseline climate (1977-2006}

m Average of 1985-2006 irrigation needs

=== | . ..--""_""-_:_—_ ; £ . .
Figure 5.2: Comparison of Trrigation requirements of crops based average climatic

conditions 1977 -2006 and the average of 1985 -2006 time Series.

Averaging of 22-year time series of irrigation requirements leads to a more realistic
estimate of the long-term average requirement than a calculation based on 30-year
average climatic conditions. Trrigation requirements based on average climatic

conditions may be underestimated because it is not linear with respect to precipitation
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and potential evapotranspiration. However, in this research the long term average
irrigation based on average climatic conditions, 1977 - 2006 is adopted so that the
future climatic conditions generated are applied to the baseline climate to determine
future irrigation requirements. The present-day long term average climatic conditions,
1977-2006 (baseline climate) give a fair stable climatic condition, TPCC recommends
that where possible the most recent 30-year climate 'normal’ period should be adopted

as the climatological baseline period in impact and adaptation assessments.

5.3  Climate change scenarios
The scenarios were generated with respect to the baseline climatic conditions 1977 —

2006.

5.3.1 Synthetic scenarios

Baseline temperatures were uniformly increased by 1°C, 1.5°C and 2°C to represent
future climatic conditions for the year 2020, 2050 and 2080 respectively, Baseline
rainfall values were decreased by 10%, 15% and 20% to represent future climatic
conditions for the year 2020, 2050 and 2080 respectively, Temperature and rainfall
values for the vear 2020, 2050 and 2080 are shown in Tables 5.3a and 5.3b

respectively. The increase and decrease in bascline temperatures and rainfall were
BN e ST

selected based on previous studies done by other researchers such as Opoku-

—Ankomah and Minia, (2007) in the study area.
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Table 5.3a: Maximum and minimum monthly temperatures for the year 2020, 2050

and 2080 based on synthetic scenarios

Baseline 2020 2050 2080

Max. Min. Max. Min. Maox. Min. Max, Min.

Temp. Temp. Temp. Temp. Temp. Temp. Temp. Temp.
Months i °c ' 'c b i o ‘c *C
January 354 203 364 21.3 369 21.8 374 22.3
February 36.5 224 37.5 234 38.0 239 38.5 24.4
March 395 255 40.5 26.5 41.0 27.0 41.5 21.5
April 3R89 26.7 399 217 40.4 28.2 409 28.7
May 6.4 25.5 374 26.5 37.9 27.0 384 27.5
June 333 238 343 24.8 34.8 253 35.3 25.8
July il4 229 324 239 32.9 24.4 334 249
August 30.7 2 3.7 23.7 32.2 24.2 327 24.7
September 30.7 21.9 31.7 229 322 234 32.7 23.9
October 3456 225 35.6 235 36.1 24.0 30.6 24.5
MNovember 36.9 20.5 378 21.5 38.4 22.0 389 22.5
December 357 19.4 36.7 20.4 37.2 20.9 377 214

Table 5.3b: Monthly rainfall/mm for the year 2020, 2050 and 2080 based on synthetic

scenarios
Rainfall/ mm

Months Bascline 2020 2050 2080
January 0.0 0.0 0.0 0.0

February 1.1 1.0 1.0 0.9

March 13.8 12.4 11.7 11.0
April 48.6 43.7 41.3 38.8
May 100.0 90.0 85.0 80.0
June 137.7 123.9 117.0 110.1
July 181.3 163.2 154.1 145.0
August 268.0 241.2 227.8 214.4
September 159.3 143.4 1354 127.5
October 48.1 43.3 409 38.5
November B % 25 2.3 2.2

December ~ 2.2 20 —~—"13 1.8

— = i

‘Ef’ﬂzm}ﬂ} predicted that maximum and minimum temperature for Navrongo in

UER for 2020 will increase by 0.9°C and 1.0°C respectively. Opoku-Ankomah and

Minia (2007) based on scenarios indicated that by the year 2050 annual mean

temperature could rise by 2°C while annual rainfall amounts decrease by over 12%,

Temperature for Northern Ghana for the period 2020-2030 will increase by 0.5 to

Kofi Asante 42

MSc Thesis, 2009



Chapter 5 ' Results and Discussion

1.0°C and 1.5 to 2°C depending on low and high scenario respectively as defined by
Halsnaes, (2008). The other climatic parameters such as relative humidity, wind speed
and sunshine duration were held constant. Long term average changes of temperature
and rainfall show climate change as defined by Doll (2002) in her studies, which says
climate change is changes in the long-term averages of precipitation and temperature
only. Such climatic conditions are possible in the future based on global warming

with the resultant increase in mean temperatures.

532 GCMs scenario

The outputs of the GCMs, MRI-232A and ECHO-G generated temperature and
rainfall figures for Upper East Region, which is located within MAGICC/SCENGEN
square degrees (10°N-12°5'N and 2°S'W- 0°) for the year 2020, 2050 and 2080.
Monthly temperature and rainfall predictions for Upper East Region for the future
(2020, 2050 and 2080) based on the MRI-232A and ECHO-G are shown in Figures

5.3a, 5.3b, 5.3cand 5.3d
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Figure 5.3a: Monthly mean maximum and minimum temperature for the year 2020,

2050 and 2080 based on MRI-232A model
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Figure 5.3b: Monthly mean maximum and minimum temperature for the year 2020,

2050 and 2080 based on ECHO-G model.

Projected monthly mean maximum and minimum temperatures of 2020, 2050 and
2080 based on MRI-232A and ECHO-G as shown in Figures 5.3a and 5.3b are higher
than the baseline temperatures. Comparison of predicted temperatures by the two
models, IuIRlEiEAand EC’Hﬂu;ver indicate that temperatures generated by
MREZ3ZA in the months of July to January for years 2020, 2050 and 2080 are
slightly higher than ECHO-G by 0.5% to 6%. This agrees with a study conducted in
Australia by Green, (2008) on climate change projection methods using the MRI-
232A and ECHO-G models, which revealed that MRI-232A model predicted much
higher temperature values than the ECHO-G model as shown as in appendix G.

Monthly temperature is projected to increase on the average by about 0.6°C to 3.6°C
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and 0.7°C to 4.3°C over the period 2020 and 2080 by the ECHO-G model and MRI-

232 respectively.
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Figure 5.3¢: Monthly rainfall for the year 2020, 2050 and 2080 based on MRI-232A

model
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Figure 5.3d: Monthly mean rainfall for the year 2020, 2050 and 2080 based on

ECHO-G model

Comparison between the baseline and MRI-232A model shows that rainfall increase
from June to July and decreases from August to October for the years 2020, 2050 and
2080, The rainfall prediction by MRI-232A for the years 2020, 2050 and 2080 does
not show clear variation from the baseline rainfall and it means that baseline rainfall
may occur in the future. The MRI-232A predicts the annual rainfall in 2080 will
increase by about 1.18%OF the baseline rainfall while annual rainfall in 2020 and
2050 will decrease by 0.02% and 0.05% respectively of the baseline. The ECHO-G
model predicts that rains from June to November for 2020, 2050 and 2080 would be
higher than the baseline as shown in Figure 5.3d. Comparison of predicted rainfall by
the two models, MRI-232A a;d ECHO-G., indicate that in August when the highest

rains are recorded, the ECHO-G prediction is about 130 mm higher than MRI-232A.
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The projected rainfall of 408 mm in August 2080 by the ECHO-G model is possible
because historical records show that in August, 1994 a much higher rainfall of 428
mm was recorded and can be seen in appendix A, Furthermore, the ECHO-G predicts
the annual rainfall in 2020, 2050 and 2080 will increase by 5%, 16% and 32%
respectively of the baseline rainfall. This agrees with a study conducted in Australia
by Green, (2008) on climate change projection methods using the MRI-232A and
ECHO-G models, which revealed that ECHO-G model predicted much higher rainfall
values than the MRI-232A model as shown in appendix Ci. Rainfall predictions by
the two models for 2020, 2050 and 2080 buttress the assertion that climate change
might increase or decrease rainfall (precipitation) in certain parts of the world leading
to either extreme floods or severe droughts. Rainfall is one particular climatic variable
which is very difficult to predict. It is reported that climate in semi-arid regions will
become more variable in the years ahead and that rainfall amounts in these areas will
keep on declining thus creating more hardships for the inhabitants of this region
(Obeng, 2005). This assertion that rainfall will keep on declining in the Upper East
Region should be critically looked into as it has been shown that rainfall could
increase or decrease as predicted by the models. In so far as rainfall is predicted to
increase in certain months, only the rains during the growing period of the crops have

influence on their irrigation requirements. Historical trends of rainfall in the study

area show that there have been years of good rains and years of poor rains. The

-models also predict that there will be years when the rainfall in certain months will be

higher or lower than the baseline.
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54  Future irrigation needs

The irrigation needs of the four major crops (rice, tomato, pepper and onion) were
computed based on future climatic conditions predicted by both the synthetic
scenarios and the GCMs scenarios. Table 5.4a show the irrigation needs of the four
crops for the baseline, synthetic scenarios and GCMs (MRI-232A and ECHO-G) for
the year 2020, 2050 and 2080. The result in Table 5.4a shows that variations in
temperature and rainfall in the future have effect on net irrigation water requirements
and thus climate change. The irrigation needs of all the four crops for the years 2020,
2050 and 2080 are higher than the baseline. The climate conditions of the 2020, 2050
and 2080 differ from those under baseline climate, and these changes lead to different
values of net irrigation water requirements of the four major crops cultivated in the
study area. The growing season of the crops as determined from the farmers and the
extension officers for the baseline shown in Table 5.2 were also used to compute the
irrigation requirements for the future case scenarios of 2020, 2050 and 2080. Table
3.4b shows the percentage changes of net irrigation water requirements relative to the
baseline. Clearly, it is seen that changes in temperature and rainfall as a result of

climate change will increase irrigation water requirements.

Comparison of-pércentage changes of irrigation needs of all the crops shows that rice

i e ‘
has the least percentage change in all the climate change scenarios but does not
Tetessarily mean that rice will be the least affected by climate change. Based on
synthetic scenarios, rice will be the most affected by climate change because its
irrigation requirement will increase by 11.8mm/pericd, 20.8mm/period and
29.8mm/period for the period 2020, 2050 and 2080 respectively as shown in Table

5.4a when compared to the other crops. However, based on the GCM scenario (MRI-
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232A), tomato will be the most affected by climate change because the increases of its
irrigation requirements are 7, 7mm/period, 22.7Tmm/period and 57.5mm/period for the
2020, 2050 and 2080. The irrigation needs of rice will increase by about 0.9%, 1.99%
and 4.73% for the period 2020, 2050 and 2080 respectively based on average of all
the three climate change scenarios considered. Based on average results of the
synthetic scenarios and GCMs scenarios, the irrigation needs of tomate will increase
about 1.21%, 2.87% and 5.60% respectively for the period of 2020, 2050 and 2080
respectively. The MRI-232A model furthers shows that irrigation needs of tomato will
increase to about 8.34% in 2080. Onion and Pepper which have the least irrigation
needs in the baseline have larger percentage changes in irrigation needs than rice for
the years 2020, 2050 and 2080. The irrigation needs of onion will increase by about
1.5%, 3.16% and 6.40% for the years 2020, 2050 and 2080 respectively based on the
average of the synthetic scenarios and the GCMSs scenarios. The irrigation needs of
pepper will incrcase by about 1.14%, 3.23% and 6.14% on the average of the climate
change scenarios for the years 2020, 2050 and 2080. Irrigation needs of pepper for the
20805 based on the MRI-232A will increase to about 9.03%. Even though, the
percentage changes in irrigation requirements of pepper and onion are higher than rice
and tomato, the actual increases in their irrigation requirements are less than rice and
tomato. In general, in these simulations the higher temperature and altered rainfall
= = -'_'_._,_:—'—'--_'_-_

regimes impacted on nel irrigation water requirements by affecting crop

evapotranspiration and thus crop water demand.

The net irrigation water requircments of the four crops will increase by about 0.6 —

9% due to climate change depending on the climate change scenarios and time slices
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Chapter 5 Results and Discussion

5.5 Future irrigation abstraction scenarios

Future abstractions from Tono and Vea reservoirs for the cultivation of the four major
erops (rice, tomato, pepper and onion) during the dry season were also estimated
based on future climatic conditions generated by the climate change scenarios. The
future climatic conditions generated by the climate change scenarios make it possible
to compare how abstractions from the reservoirs would be affected by climate change.
In the estimation of future water abstraction from the reservoirs, two scenarios were
considered. For the first scenario, the maximum land areas used for the cultivation of
the four crops over the period 1985 to 2006 were selected as the areas that could be
irrigated in the future (2020, 2050 and 2080). In the second scenario, the total
irrigable area of Tono and Vea irrigation projects of about 2490 ha and 850 ha
respectively were considered to be irrigated in the future. For this scenario, each of
the four crops was assumed to be cultivated on the total irrigable area. The irrigation
efficiency for the future was assumed to be the same as the baseline period (50%). For
the calculation of climate change impacts, irrigated land extents were kept the same
for the years 2020, 2050 and 2080 with climatic conditions being the only
determining factors. Table 5.5 show details of land arcas that could be irrigated in the
future based on the first scenario above (i.e. using maximum land areas cultivated

between 1985 and 2006).

Table 35.5: Ai‘é-ﬁ.s under cultivation in the future based on maximum land areas
cultivated between 1985 and 2006

Irrigable arcas (hectares)

Crops - Tono scheme Vea scheme
Rice 1090 280
Tomato 805 314
Pepper 23 5 L Braky

. = AWAME NKRUMAN UNIvERg)py
Onion 56 10 SCIENCE AND TEEHI‘ILFE[ (']
Total 1974 609 KUMAS! -6 ang

T MSc Thesis, 2009

Kofi Asante



Chapter 5 Results and Discussion
The total areas that would be used for the cultivation of the four crops in future based

on the maximum land areas cultivated between 1985 and 2006 fall within the total
irrigable areas of Tono and Vea irrigation projects of about 2490 ha and 850 ha
respectively. The table below shows details of future irrigation abstractions from
Tono and Vea reservoirs for dry season farming when the maximum land arcas

cultivated between 1985 and 2006 were considered to be cultivated in future.

Table 5.6; Future irrigation abstractions (Mm®) from Tono and Vea reservoirs when

maximum land areas between 1985 and 2006 are cultivated

Climate Irrigation abstraction (Mm”)

change Tono reservoir Vea reservoir
scenarios 2020 2050 2080 2020 2050 2080
Synthetic 31.50  31.82 32.13 9.55 9.64 9.74
MRI-232A 31.33 3.9 3329 9.49 9.64 10,10
ECHO-G 31.28 3171 27 Q.48 9.61 993
Average 3137 31.78 32.73 9.50 9.63 9.92
% of Reservoir

Storage Capacity | 33.73 34,17 35.19 5941  60.20 62.01

The maximum water ever abstracted from the Tono and Vea reservoirs for the
cultivation of the four major crops are 27.67 Mm’ and 8.88 Mm’ respectively as
estimated in Table 5.1. Future irrigation abstractions would be higher than the
historical abstractions based on the synthetic, MRI-232A and ECHO-G climate

change scenarios. Comparisenof fifure irrigation abstractions when maximum land

areas cultivated between 1985 and 2006 were considered to the maximum storage

R =

capacity of Tono and Vea reservoirs suggest that future abstractions would be about
33 — 35 % and 59 — 62 % respectively of the reservoirs maximum storage capacities.
The reservoirs presently are ‘used 10 supply domestic water and the quantitics

abstracted for domestic use might increase in the future as result of population
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growth. It was found out that the present (2008) domestic water abstracted from Tono

reservoir is negligible because the villages served have a total population of less than
500. The possible increase in domestic abstraction from Tono reservoir will be
negligible. It can be deduced that the impacts of climate change will not be felt
(significantly) on Tono irrigation project because the future irrigation abstractions due
to climate change is only 33 - 35% of the maximum storage capacity. The situation at
Vea irrigation project is a bit gloomy because the present (2008) annual domestic
water abstraction of 1,454,000 m” is about 9.1% of the maximum storage volume (16
Mm). The present domestic water abstraction serves a population of about 49,162.
Assuming annual population growth rate of about 2.5% (same as national population
growth rate), the domestic abstraction will increase to about 1,907,780 m’, 4,001,679
m’ and 8,393,817 m’ for the years 2020, 2050 and 2080 respectively. The domestic
abstraction for these years 2020, 2050 and 2080 is about 11,9%, 25% and 52%
respectively of the maximum storage of 16 Mm'. Comparison of future irrigation
abstraction of about 59 to 62% of the maximum storage volume to future domestic
water abstraction shows that in 2020, climate change will not have any significant
impact on Vea reservoir because both irrigation and domestic abstractions put
together will be about 71% of the maximum storage volume. However, in 2050, both
irrigation and domestic abstractions will be over 85% of the maximum storage

volume. The Femaining percentage may. not be sufficient for livestock watering and

for the fish ponds. Interactions with the stafT revealed that in allocating water, priority
_T!:.g-i;r_en to domestic uses, livestock watering before irrigation of crops. Interaction
with the staff of the project also revealed that in drought years (i.c. years of
insufficiency of rain for extended period resulting in a considerable hydrologic

imbalance and, consequently water shortages, crop damage, stream flow reduction
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and depletion of ground water and soil moisture) the stored water in the reservoir is
not adequate for domestic water supply, animal watering and irrigation. In such years,
for instance in 1995, the irrigable areas were reduced. Future irrigation abstractions
shown in Table 5.6 above when maximum land areas between 1985 and 2000 are
considered, shows that climate change will increase future irrigation abstraction by
3%. Even though, climate change will have a minimal impact on Vea reservoir,
coupled with an increase in domestic abstraction, the stored water in the reservoir may
not be adequate for both irrigation (when maximum land areas between 1985 and

2006 are cultivated in the future) and domestic use for 2050 and beyond.

In the second scenario, the total irrigable areas were considered to be cultivated in the
future and Tables 5.7 and 5.8 present the future abstraction of the four crops based on

the average of the climate scenarios (synthetic and MRI-232A and ECHO-G).

Table 5.7a; Future irrigation abstraction from Tono reservoir when the total irrigable

area is cultivated

Crops Irrigation abstraction (Mm®)
2020 : 2050 2080
Rice 4443 (47.78) 44.88 (48.26) 46.70 (50.22)
Tomato 34.90 (37.53) 35.46 (38.13) 37.20 (40.00)
Pepper 28.70 (30.86) 29.30(31.51) 30.80(33.12)
Onion -| 2249 (24.18) 22,90 (24.63) 23.92 (25.72)
—— ==

Future irrigation abstraction from Tono reservoir when, for instance, the total irrigable

“area is cultivated with rice will be about 44.43 Mm’, 44.88 Mm® and 46,70 Mm’ for

the years 2020, 2050 and 2080 respectively. This will translate into 47.78%, 48.26%
and 50.22% (the figures in the bracket in table 5.7a ahove) of the reservoir maximum

storage capacity for the same period (2020, 2050 and 2080). It can be deduced
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therefore that climate change will not have an impact on Tono reservoir because

future increases in irrigation abstractions as result of ¢l imate change is about 47.78%
10 50.22% of the storage capacity when rice which is water demanding crop is
cultivated. The cultivation of the remaining crops on the total irrigable area will also
not have any significant impact on Tono reservoir provided the reservoir store enough
water during the rainy season. The Tono reservoir could be utilised to its maximum

benefit by cultivating the total irrigable area and considering other water demanding

crops such as water melon which has ready market.

Table 5.7b: Future irrigation abstractions (Mm®) from Vea reservoir when the total

irrigable area is cultivated

Crops Irrigation abstraction {Mnir)
2020 2050 2080
Rice 15.17 (94.80) 15.32 (95.75) 15.94 (99.64)
Tomato 11.9] (74.46) 12.03 (75.20) 12.70 (79.36)
Pepper 9.80 (61.23) 10.00 (62.52) 10.51 (65.72)
Onion 7.68 (47.98) 7.82 (48.86) 8.17 (51.04)

Table 5.7b provides details of future irrigation abstraction from Vea reservoir when
the total irrigable area is cultivated with rice, tomato, pepper and onion and the
percentages of the abstraction to the reservoir maximum capacity (the figures in
brackets). It can be deduced from Table 5.7b that the Vea reservoir cannot supply

enough water f::ar the cultivation of rice because abstractions for cultivation of rice

without considering domestic abstraction is about 94.80%, 95.75% and 99.64% of the

—

maximum storage capacity for the periods 2020, 2050 and 2080 respectively.
However, the reservoir can support the cultivation of tomato, pepper and onion when
the total area is cultivated in 2020, In 2050, the reservoir could supply enough water

for the cultivation of pepper and onion. Domestic abstraction from Vea reservoir in
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of the maximum storage capacity and therefore, the reservoir
cannot supply water for the cultivation of the crops on the total irrigable area which
will make use of 99.64%, 79.36%, 65.72% and 51.04% of the maximum storage
capacity for the cultivation of rice, tomate, pepper and onion respectively. Tono and
Vea irrigation projects are being managed by the Irrigation Company of Upper
Regions (ICOUR) and therefore could consider cultivating less water demanding
crops al Vea and shift more water demanding crops to Tono where there is abundance

of water.

5.6  Climate change adaptation measures

Adaptation to climate change is defined as adjustment in natural or human systems in
response to actual or expected climatic stimuli or their effects, which moderates harm
or exploits beneficial opportunities (IPCC, 2001). There are two main types of

adaptations namely autonomous adaptation and planned adaptation,

Autonomous adaptation is adaptation that does not constitute a conscious response o
climatic stimuli, but is triggered by ccological changes in natural systems or by
changes in the socio-economic conditions specific to anthropogenic systems, without
any imewe;u_iclﬁ_.ﬂ' : =

e e - : a .
Planned adaptation measures are COnsclous policy options or response slralegies,

often multi-sectoral in nature, aimed at altering the adaptive capacity of the

agricultural system or facilitating specitic adaptations.
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The results obtained show clear evidence that climate change will affect agriculture as
it increases irrigation water demand and therefore necessitating appropriate measures
to minimize the impacts. Article 4.1b of The United Nations Framework Convention
on Climate Change (UNFCCC) provides that all Parties must formulate and
implement national or regional programmes containing measures to facilitate
adequate adaptation to climate change. Ghana, being a signatory to UNFCCC should
have the appropriate policies and programmes to address climate change. In view of
this, stakeholders such as EPA, MoFA, GIDA, ICQUR, WVR basin officer and
extension officers were interviewed to identify and suggest potential measures to deal

with climate change in Upper East region of Ghana,

At the moment, there is no well defined policy on climate change adaptation
strategies. It was realized that farmers over the years have devised means of adjusting
to droughts and sometimes flood conditions due to variations in climatic conditions.
Through field interviews, it came out that farmers resorted to mulching and the
cultivation of short duration leafy vegetables as a means of withstanding drought
years, In extreme situations farmers cultivate on river beds or dig ditches on these
river beds where water is abstracted for irrigation and other domestic purposes as a

means of adapting to hash climatic conditions.

R --'_'_,_-.-.--_-_
Mindful of the fact that people can only adapt to climate change if they know the

m—— . 5 . & &5k
activities that cause it, it is imperative that adaptation measures include activities such

as the provision of information on climate change and potential impacts that may
improve general awareness or prompt consideration of adaptation. Based on this, a

number of adaptation measures are suggested, and covered the arcas of agro-
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biodiversity, soil and land Mmanagement, water management, change in timing of farm

operations, agro-forestry, government agricultural subsidy and support.

Agro-biodiversity

The development of new crop varieties including types, cultivars and hybrids, has the
potential to provide crop choices better suited to temperature, moisture and other
conditions associated with climate change. The country’s research institutions such as
Crop Research Institute are involved in the development of plant varieties that are
more tolerant to such climatic conditions as heat or drought. Farmers should be
advised to select crop varieties that are tolerant to adverse climatic condition. FAO
promotes use of indigenous and locally-adapted plants and animals as well as the
selection and multiplication of crop varieties and autochthonous races adapted or
resistant to adverse conditions. In Tono irrigation projects, farmers are advised on the

selection of crop varieties.

Soil and land management

Climate change adaptation for agricultural cropping systems in Upper East region
requires a higher resilience against both excess of water due to high intensity rainfall
and lack of water due to extended drought periods. Both problems occur in the region
and they mighf_'_'i-ﬁcrease in jljg__ﬁz_tgs_hg:ausc of climate change. A key element to
respond to both problems is the application of organic matier. Organic matter
ms and stabilizes the soil structure so that the soils can absorb higher amounts
of water without causing surface run off, which could result in soil erosion and,
further downstream, in flooding. Soil organic matter also improves the water

absorption capacity of the soil during extended drought. However, farmers prefer to
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use inorganic fertilizer to organic manure because it readily releases the nutrients.

Farmers should be encouraged to apply organic matter fortified with inorganic

fertilizer to reduce the impact of climate change.

Cover crops such as alfalfa should be planted on bare soils. Maintenance of
permanent soil cover can also increase soil organic matter and reduce impacts from
flooding, erosion, drought, heavy rain and winds, Surface mulch cover protects soil
from excess temperatures and evaporation losses and can reduce crop water

requirements by 30 percent. Farmers should be encouraged to practice mulching,

Water management

Good water management practices and technologics could spread and buffer
production risks associated with climate change. A greater percentage of water
abstracted for irrigation does not get to crops because of losses in the system. During
field wisits, it was observed that the furrows were poorly constructed and as such a lot
of water is wasted. Some farmers construct unnecessarily big furrows with the
intention of abstracting much water to their farms. Irrigation practices in the region
should be improved by educating farmers on how to construct furrows and ways of
determining if they have irrigated to field capacity. The irrigation systems should be

intai in ord ; ient irrigation systems such as drip and
mamtamed_ln order to rec!uciz___i_gg_s_cg,_Elﬁcmnt irrigati ¥ P

micro-spray techniques should be introduced in drought-prone areas to make efficient
use of limited water available for irrigation. In Tono irrigation project, drip frrigation
is being piloted. Water harvesting methods such as runoff or rainwater harvesting can

be introduced to store enough water during wet season for use during dry periods.

Presently, the farmers get to irrigate their crops every two or three days. Some farmers
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think that they would not get the water in the next two or three days and therefore
tend to over irrigate their crops. This existing irrigation scheduling should be altered
to one that fosters an increase in moisture retention in the face of decreasing rainfall
and increasing evaporation (EPA. 2000). This will prevent farmers from over

irrigating leading to the incidence of salinization.

Changing the timing of operations

Changing the timing of operations involves production decisions. such as planting,
spraying and harvesting, to take advantage of the changing duration of growing
seasons and associated changes in temperature and moisture. This type of adaptation
includes the scheduling of crops, irrigation, harvesting, mulches, planting, seeding

and tillage.

Changing the timing of these farm practices has the potential to maximize farm
productivity during the growing scason and to avoid heat stresses and moisture

deficiencies.

Agro-forestry

While agriculture stands to be greatly affected by projecied climate change, it also is,
and has been_h[@a:.:ﬁcally, a ,TEJEI-W of greenhouse gases to the atmosphere, thus
itself contributing to climate change. At present, agriculture and associated land use
Eh_a-n:;;:mit about a quarter of the carbon dioxide (through deforestation and soil

organic carbon depletion, machine and fertilizer use), half of the methane (via

livestock and rice cultivation), -and three-fourths of the nitrous oxide (through
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fertilizer applications and manure management) annually released into the atmosphere

by human activities (Rosenzweig and Tubiello, 2007)

Planting of trees and modifying current management of agricultural systems by
farmers could therefore greatly help to mitigate global anthropogenic emissions. Trees
absorb atmospheric carbon dioxide (carbon sequestration) and therefore farmers
should be encouraged to plant more trees, The White Volta basin through a project
called PAGEV (Project for Improving Water Governance in the Volta Basin) helped
farmers to plant trees along the banks of White Volta River and this should be
supported and replicated throughout the Basin and its associated river systems in
order to help improve soil moisture conditions as well as sequester carbon dioxide

released through agricultural activities.

Government programmes and insurance
It is necessary that government through it ministries and agencies promote the
adoption of adaptation measures through dissemination of information on climate

change, possible impacts and vulnerabilities, potential adaptation oplions, among

others.

A visit to the "Efﬁv#anmentaLlf__rg;;gmn Agency in Bolgatanga revealed that the

agency through durbars and foras educates the public on the effects of bush fires and

—

vegetation removal as well as the need to protect the environment as a means of

minimizing the possibility of climate change. This however needs to be further
strengthened and supported by other governmental and non-governmental agencies so

that awareness can reach every section of the potential stress zones.

L onART 62 MSc Thesis, 2009
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Government can provide agricultural subsidies and support to farmers to decrease the

risk of climate-related income loss as a support to the economic risks associated with
climate change. Government can help farmers to adapt to climate change through the
development of information systems capable of forecasting weather and climate
conditions associated with climate change. Weather predictions over days or weeks

have relevance to the timing of operations such as planting, spraying or harvesting.

These measures if implemented and subsequently adapted by farmers would help

them deal with the threats of climate change and its associated problems.

3.7  Limitations of the study
The assumptions and limitations surrounding this study are enumerated below to give

further clarification to the results.

5.7.1 GCMs model limitations

Simulation models investigate complex interactions and feedbacks of many variables.
As a consequence there are several limitations and uncertainties and apply to the
results presented. The GCMs climate scenarios employ grids of 2,5" latitude by 2.5"
longitudes, Due to the low spatial resolution of GCMs, many smaller-scale elements
of climate argjnui pmpeWﬁd, Precipitation, in particular, is poorly
represented both spatially and temporally in GCMs results. Future climate for the

— & ian .
Upper East region were modelled based on only one emission scenario, AIFI. Other

emission scenarios were not considered,
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5.7.2 CROPWAT model limitations

The net irrigation requirements were estimated neglecting the impact of increased
atmospheric CO2 concentrations on crop physiology. GCMs generally do not consider
the effects of increased CO; concentrations on plant physiology, possibly leads to an
underestimation of regional warming and an overestimation of humidity (and

cloudiness) in particular over tropical continents (IPCC, 2001).

The irrigation efficiency was assumed 1o be same although changing through time. In
fact, it is plausible that all other things being equal, irrigation efficiency would
decrease under climate change, as warmer climates and increased evaporative

demands could lead to larger water losses during transportation to the field

5.7.3 Owerall limitations of the approach

In this study, it was assumed that future weather variations are only due to climate
change, Other decisive factors such as the inter-annual and the multi-decadal
variability were not taken into account. These other drivers that may influence future

weather trends, exacerbating and ameliorating the impacts of climate change, should

be considered for more exhaustive analysis.

ket as increase in water use efficiency through a
Future plant adaptations, ﬂlw_m Y g

decrease in bulk stomatal conductance as a result of increased atmospheric

._---_ - ¥ L] & -
concentration of CO; were neglected, constituting another limitation.

It was not possible to predict futore changes in planting dates when modelling future

PR —— |

irrigation requirements. AWAME Nanumall UNIVERSITY OP
SCIENGE AND TECHNOLOSY
KUMASI-EHANA
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CHAPTER SIX

6 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Historical water abstractions for irrigation from Tono and Vea reservoirs which
ranged from 9.66Mm’ to 27.67Mm’ and 1.82Mm” to 8 88Mm’ respectively for the

cultivation of the four crops are far less than their maximum storage capacity of the

[ESErvoirs,

Results of the study showed that temperatures in Upper East Region will increase by
about 0.6°C to 4.3°C for the years 2020, 2050 and 2080 based on synthetic and GCMs
scenarios thus increasing evapotranspiration which will cause an increase in irrigation
water requirements. The irrigation requirements of the four crops will increase by
about 0.6 — 9% due to climate change depending on the climate change scenarios and
time slices. This will result in an increase in water abstraction from the reservoirs,
therefore stored water in the reservoirs should be utilized efficiently and the irrigation

practice improved to minimize loses.

Climate change will not have significant impacts on Tono reservoir and therefore the
total irrigable area should be utilized and also other water demanding crops which

ivale there is cnough water to support their
have ready _q]grket Culllviliilﬁ@u_&ﬁ g pp

cultivation.
-—-—'-'-;;_'_.

Climate change will have minimal impact on Vea reservoir but coupled with an

increase in domestic water abstraction, the water stored in the reservoir will not be

adequate for both irrigation and domestic use for the year 2050 and beyond when
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maximum land areas between 1985 and 2006 are cultivated. Furthermore, the stored

water will be enough for the cultivation of rice on the total irrigable area in 2020 and

beyond and therefore ICOUR could shift the cultivation of rice and other water

demanding crops to Tono irrigation project.
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6.2

—

Recommendations

.TbchDURﬁwldnmmmﬂkupmﬂmm:quﬂitynrm

abstracted from the Tono and Vea reservoirs for irrigation because these

records will serve as a baseline data for planning.

The climate change adaptation measures identified and reviewed should be
incorporated into the national climate change adaptation policy and
programmes and government institutions such as MoFA, EPA, FORIG, CRI,
GIDA, etc, which have a stake in climate change supported to implement

these measures.

Farmers should be educated on climate change adaptation measures through
agro-forestry, soil and water management such as conservation agriculture and

the application of organic manure.

Crop varicties tolerant to adverse climatic conditions should be cultivated

because of future increases in temperature.

Farmers should be educated on good water management practices.

Further studies on climate change in Upper East Region using GCMs should

employ a high spatiaT Tesolution such as 0.5 latitude by 0.5 longitudes and

other emission scenarios apart from AIF 1. Climate data from GCM:s should be

downscaled to remove uncertainties.

Kofi Asante
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Appendices

APENDICES
Appendix A: Historical climatic conditions

Monthly rainfall (mm) for Navrongo in the Upper East Region of Ghana

Kofi Asante

YEAR | JAN | FEB | MAR | APR | MAY | JUNE | JULY | AUG | SEPT | OCT | NOV | DEC | ANNUAL
1960 | 0 | 0 | 14 [ 813 [ 925 | 1107 | 113 | 211.1 ]| 3843 ] 33 | 0 0 [ 10399
1981 0 | 0 | 03 [203]498 [157.2 [ 1529 | 199.1| 2347 | 31 | O 0 | 874
1962 | 0 | O | 03 | 516 | 49 | 1766 | 1207 [ 3267 | 1582 | B2 | 417 | 0 | 10116
1963 | 0 |706| 0 |951 | 1019 822 | 288 | 3546 | 1331 | B7.4 | 267 | O | 12436
1964 0 | 0 | 128 | 117 | 1057 | 1064 | 1688 | 144.3 | 3228 | 361 | 8.9 | 51 | 8228
1965 1257 | 0 | O | 668 [ 693 | ¢14 | 2606 | 2299 | 1854 | 323 | 0O 0 [ 9614
1966 | 0 | 102 104 | 609 | 32 | 1463 [ 2116|2964 | 1201 | 678 | O | 0 | 9857
1967 | 0 196 155 | 379 | 876 | €76 | B84 | 3193 | 2215 | 129 | 23 | 43 | 8769
1968 | 0 | 0 |1047 [ 1008 | 67.3 | 129.5 [ 303 [ 1758 | 1212 | 49 | 104 | 0 | 10617
1969 | 0 | 0 | 0 [ 739 | @63 | 1143 [ 1582 [ 3157 | 2565 91.7 | 256 | 0 | 1079
1970 | 0 [ 08| 05 | 687 | 711 | 955 | 1854 | 3193 | 1684 | 31 0 | 0 | 8307
1871 0 | O | 328|429 | 965 | 186.5 | 1656 [ 3383 | 221 | 579 | 0 [268 | 11714
1972 | 0 | 0 | 31 | 125 | 739 | 1428 [2182] 189 [1212 | 409 | 0 [ 0 | 9141
1973 | 0 | 0 | 368 | 8 [2078 ) 1428 [3302 | 3259 | 1265 | 636 | 0 | O | 12724
1974 0 | 0 | 822|597 | 825 [ 1453 | 1671 [ 2692 | 1415 49 | 0 | 0 | 9765
1976 | 0 | 89| 03 [ 206 | o | 828 [2591[2682 1494 | 104 | 0 [ 0 | 8967
1976 | 46 | 0 | 48 | 587 [ 1318 | v52 | 2023 {1785 | 137 2077 | O | O | 10016
1977 | 0 | 0 | 387 | 134 | 571 | 419 2043 ] 176 | 9801 | 48 | 0 | O | 6705
1976 | 0 | 0 | 359 | 893 | 2312 | 902 | 1824 | 3444 [ 1317 |1115] 0 | 0 | 12176
1979 | 0 | 0 | 0 [1148] 1683 | 1394 | 2618|2117 | 1642 | 562 | 46 | © 121
1980 | 0 | 0 | 03 | 745 | 959 | €47 [ 1769 /3073 (1508 [ 692 | 0 | 03 | 9399
1981 0 | o | 2 [427 | 627 | 1981 | 1665|2327 | 844 | 39 | 0 | O 793
1982 | 0 [ 0 [ 796 | 365 | 161 [ 815 [1307 | 2432 [ 2362 | 515 | 1 0 | B8r63
1983 | 0 | 0 | 0 [205] 982 [ 138.7 [1198 [ 2611 786 | 1 0 | 0 719
1984 | 0 | 0 | 87 [ 975|182 845 | 98 | 222 | 1162 | 367 | 05 | 0 | 8623
1985 | 0 | 0 | 0 | 26 | 644 [ 1646 | 231 | 206 | 1818 | 14 | O | 0 | 9645
1986 | 0 | 0 | 94 | 378 | 1131 | 179.2 [ 2488 | 1424 | 4477 | 41 [ 58 | 0 | 12252
1987 | 0 | 0 | 855 | 93 | 318 | 2743 [1766| 413 | 953 [ 461 | 0 | 0 [ 11319
1988 | © | 0 | 266 1302 318 | 1416 [ 1232 | 2469 [ 1874 | 07 | 26 | 0 | 9145
1989 | 0 | 0 | 112 | 323 | 413 [ 1621 [1841| 354 | 2978 | 472 | 0 |318 | 11618
1980 | 0 | 0 | 0 | 197 | 1361 [ 489 | 233 | 2497 [ 1261 | 89 | 137 | 336 | &70.7
1991 0 [ 0 | 34 [ 431 | 148 | 647 [1647 | 3574 | 835 [ 811 ] 0 | O | 9765
1992 | 0 | 0 | O | 688 | 1534 | 1527 [ 2437 | 211.5 [ 1541|586 | O | 0 | 10328
1993 | 0 | 0 | 0 | 465 | 752 | 157.1 [ 1725 | 1704 | 1735 | 125 | 16 | ©0 | 809.3
1994 | 0 | 0 | 323 | 127 | 1158 | 624 [1643|4282 1008|847 [ 0 | 0 | 10012
1995 [ ¢ | O 7 | 416 | 446 | 1415 | 94 |2311| 557 [ 725 | O | O | 6867
1996 | 0 | 0 | 1.4 | 474 | 1946 [ 207.2 | 1082 | 3005 | 2066 | 384 | 0 | 0 1104
1997 0 1 0 | 75 | 348 [1555 | 204 | 913 [1947 | 1788 | 733 | O 0 940
1996 | & 1197 | 0 | 268 {1948 | 77 (1275|2819 | 146 [ 478 | 0 | O | 8556
1999 | 0 | 41 | 15 | 206 | 1179 | 108.1 [3126 | 4555 | 2681 779 [ O | 0O | 13653
2000 1T 1 0 | 0 | 28 | 537 | 2287 (2379|2822 1582 | 226 | O | 0 | 8987.1
—2ee+| 0 | 0 | 0 | 303 | 12511311 [ 1768|3362 | 1558 | 42 | 0 | 0 | 8597
5002 | 0 | 0 | O | 651 | 1053 | 94 |1928 2112|1222 | 853 | 202 | 0 | 896.2
2003 | 0 | 1.8 | 09 | 223 | 958 | 207.2 | 1828 | 2844 | 2386 | 1001 | 61 | O 1140
2008 | 0 | 0 | 28 | 1766 | 74.3 | 1398 [ 2509 | 2104 [ 1185 [ 347 | 22 | 0 | 10444
5006 | 0 | 45| 0 | 207 | 137 | 2261 [ 179 [1893[ 883 | 287 | 0 | O | 7503
5006 | 0 | 38| 4 | 824 666 | 1178 [1936 [ 1834 [ 1551|832 | 0 | 0 | B769
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Appendices

Monthly mean maximum temperature (oC) for Navrongo in the UER of Ghana

YEAR

JAN | FEB | MAR | APR | MAY | JUNE | JULY | AUG. | SEPT. | OCT. | NOV. | DEC.
1978 | 34.8 | 386 | 390 [ 335 347 | 31.7 | 318 | 303 | 319 | 320 | 347 | 355
1977 |36.0| 3.2 | 381 | 388| 382 e T 0.2 31.3 341 | 369 | 348
1978 | 36.2 | 389 | 381 | 344 344 332 30.2 31.2 21.8 343 | 363 | 264
1979 | 370 | 3817 | 3958 | 39.7 348 31.5 0.6 an.s 31.3 34.1 362 | 343
1980 | 36.9 |38.0 | 399 (34| 361 | 336 | 319 | 306 | 323 [ 342 [ 362 | 339
1981 | 34.7 | 383393 (389 357 [ 341 [ 308 | 207 | 31 363 ] 371 ] 369
1982 | 347 | 369 | 376 | 375 35.2 J3.2 | 324 30.4 322 34.0 | 356 | 34.8
1983 | 32.1 /1382 | 396 | 406 | 361 | 325 | 320 | 313 | 322 | 366 | 373 | 35.7
1984 | 348|369 | 393 |378| 348 | 328 | 323 | 321 | 315 | 346 | 371 | 341
1985 (363|364 |394 | 389 | 374 | 335 | 30.8 | 302 | 30.7 | 352 | 374 | 336
1986 | 348 | 386 | 390 | 295 36.7 3.4 30.5 30.7 31.0 34.0 | 355 | 342
1987 | 365|392 | 385 | 402 39.0 33.1 31.8 313 321 3.3 | 376 | 355
1988 | 348|383 | 401 | 38,2 37.6 32.8 30.4 301 31.2 357 | 380 | 338
1989 | 3383590383397 388 | 337 | 211 | 302 | 316 | 339 | 373 | 351
1980 (347|369 | 396 | 38,7 36.4 337 31.2 315 31.8 36.1 38.1 35.2
19971 | 361 | 364 | 394 | 379 33.0 329 31.2 30.4 326 335 | 366 | 348
1992 | 334|375 | 396 | 382 343 222 | 304 30.0 319 4.7 | 385 | 38,2
1993 | 335|378 | 392 : a8.2 384 354 30.9 31.0 31.2 348 | 3.7 | 356
1984 | 339|378 | 398 | 39.6 36,1 32.6 31.8 30.0 e 327 | 356 | 345
19895 | 340 | 368 | 401 | 35,1 371 34.3 T 30.0 32.2 344 | 374 | 367
1996 | 37.8|33.1)| 400 | 391 36.7 32.0 als 308 31.0 333 | 364 | 368
1997 | 370|339 | 384 | 37.8 356 1.8 36 3.7 326 J4:5 | 372 | 363
1998 | 35.7 | 389 | 399 | 40.0 36.7 J2.4 32.0 30.6 30.7 41 | 375 | 361
1999 | 364 | 367 | 407 | 38.2 | 371 34.1 31.4 30.2 30.9 33.6 | 374 | 356
2000 | 36.7 | 356 | 395 | 40.3 371 332 31.2 31.0 32.0 J4.6 | 379 | 35.7
2001 [36.1 | 360 | 404 | 398 38.7 33.4 319 308 318 J66 | 382 | 379
2002 | 348 |37.8| 400 | 394 | 373 | 339 | 328 | 30.7 | 322 | 34 | 37 | 36.1
2003 | 361 |39.2| 40 | 384 | 376 [ 323 | 313 | 31 | 319 | 349 | 373 | 363
2004 | 36.4 | 38 | 385 a7 34.2 35.4 30.8 30.9 31.6 36.1 | 37.1 38.1
2005 | 345|397 | 411 | 40.3 3716 33 311 308 32.2 a5 38.1 372
2006 |37.1 387|407 | 398 | 36 344 | 315 | 30.8 | 31 | 333 [ 364 | 368

— _,..--"'"_'__
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Monthly mean minimum temperature (°C) for Navrongo in the UER of Ghana

YEAR

JAN.

FEB. | MAR. | APR, | MAY | JUNE | JULY | AUG. | SEPT. | OCT. | NOV. | DEC.
1876 | 186 | 234 | 253 | 271 | 245 | 224 [ 296 | 219 | 222 | 220 | 209 | 179
1877 | 206 | 17.7 | 243 | 271|255 230 | 230 | 223 | 223 | 218 | 195 | 188
1978 | 200 | 227 | 252 | 245 | 24.2 223 [ 224 | 221 [ 226 | 206 | 185
1979 | 206 (214 | 263 [ 270 | 248 | 232 | 224 | 227 | 223 | 228 | 210 | 19.8
1880 | 211 (235|250 [ 265 | 257 | 241 | 235 | 226 | 227 | 230 | 211 | 183
1981 | 193 [ 228 | 256 | 267 [ 252 | 240 | 220 | 226 | 22 | 224 | 202 | 186
1882 | 190 [ 23.0 | 249 | 263 [ 248 | 235 | 229 | 224 | 227 | 225 | 196 | 1941
1683 | 195 (238 | 261 | 277 [ 254 | 235 | 220 | 229 | 225 | 21.7 | 189 | 20.2
1984 | 203 | 220 | 258 | 266 | 246 | 235 | 232 | 227 | 221 | 225 | 214 | 191
18985 | 214|225 273 [ 2711263 | 241 | 221 | 226 | 224 | 219 | 203 | 188
1986 | 189 | 234 | 253 [ 271 | 2589 | 237 | 224 | 224 | 220 | 223 | 194 | 183
1987 | 204 | 225 | 246 | 289 | 273 | 241 | 232 | 227 | 229 | 23.0 | 201 | 19.8
1688 | 206 | 225 | 268 | 269 [ 262 | 236 | 228 | 22.7 | 226 | 222 | 203 | 19.3
1989 | 189 | 2151 237 | 26,7 | 261 | 232 | 229 | 225 | 221 | 21.7 | 198 | 19.6
1990 | 208 | 21.7 | 245 | 265 [ 252 | 239 | 228 | 224 | 221 | 227 | 225 | 211
1991 [ 214 [ 227 | 260 | 252 [ 244 | 243 | 231 | 2209 | 232 | 222 | 200 | 19.6
1992 | 198 | 228 | 263 | 263 | 247 | 232 | 225 | 225 | 221 [ 225 | 208 | 19.2
1993 | 191|231 | 255 | 269 | 26.0 | 247 | 22.7 | 228 | 223 | 228 | 228 | 205
1994 | 206 | 227 | 257 | 272 [ 253 | 237 | 231 | 229 | 231 | 227 | 192 | 195
1905 | 186 | 211 | 26.2 | 27.0 | 250 | 245 | 232 | 225 | 230 | 227 | 205 | 201
1996 | 199 | 236 | 261 | 266 | 257 | 231 | 228 | 226 | 225 [ 221 | 176 | 181
1997 | 202 | 207 | 2586 | 258 [ 251 | 236 | 231 | 230 | 233 [ 233 | 211 | 18.3
1998 | 201 | 234 | 254 | 281 | 265 | 245 | 236 | 231 | 229 [ 23.1 | 205 | 19.9
1990 | 214 | 218|250 | 261 | 253 | 239 | 230 | 227 | 223 | 224 | 205 | 187
2000 | 218|210 244 | 272 | 255 | 235 | 225 | 224 | 219 | 223 | 196 | 184
2001 | 186|213 | 244 | 26 | 257 | 234 | 23 | 224 | 224 | 225 | 206 | 20.1
2002 (209|221 | 265 | 274 | 261 | 242 | 237 | 229 | 225 | 224 | 203 | 196
2003 | 208 | 236 | 249 | 2686 | 262 | 236 | 232 | 23 | 227 | 236 | 213 | 19.1
2004 | 207 | 226|242 | 256 | 242 | 245 | 227 | 228 | 227 | 23 | 21.7 | 20.7
" 2005 | 204 | 257 | 275 | 283 | 261 [ 241 | 229 [ 228 | 231 | 224 | 209 | 207
2008 | 219|236 26 | 269 | 252 | 245 | 231 | 23 | 233 | 233 | 21.1 | 19.3 |
i e
—
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Appendix B: Baseline climate for Navrongo (1977 - 2006)

Maximum Minimum Relative Wind
Rainfall temperature temperature humidity.  speed Duration of ETo

(mm) (°C) (°c) (%) (km/d)  sunshine (hr)  (mmid)
JAN 0.0 354 203 25 104 9.1 494
FEB 1.4 36.5 224 27 112 8.9 5.55
MAR 138 305 255 37 112 8.5 8.00
APR 486 38.9 26.7 50 130 7.7 8.13
MAY  100.0 36.4 255 62 138 BS 581
JUNE 1377 333 238 74 121 B.1 492
JULY 1813 314 229 79 104 8.5 42
AUG. 2680 30.7 27 81 95 52 383
SEPT. 159.3 30.7 219 81 78 6.4 403
OCT.  48.1 346 225 73 78 9.1 485
NOV. 27 36.9 205 50 69 9.3 458
DEC. 22 35.7 19.4 36 78 9.1 435

- e e

e
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Appendices

Appendix C: Land areas under cultivation

Tono Irrigation Scheme

Year Cultivated Areas (ha) Total
Rice Tomato Pepper Onion

1985 -86 550 0 0 0 550
1986 - 87 791 0 0 0 791
1997 -88 1090 37 0 0 1127
1988 -89 1165 0 0 0 1165
1989-90 736 42 0 0 778
1990-91 603 134 0 0 737
1991-92 572 174 0 0 746
1992 - 93 636 266 0 0 902
1993-94 475 334 0 0 809
1994 -95 655 505 0 0 1160
1995 - 96 801 389 0 0 1190
1996 -97 903 565 0 0 1468
1997-98 345 388 0 0 733
1998 - 99 865 580 6.2 6.3 1457.5
1999 -00 594 805 6 32 1437
2000-01 965 713 23 56 1757
2001 - 02 777 410 9 22 1218
2002-03 669 589 9 5 1272
2003-04 1030 31 7 6 1074
2004-05 1059 130 8 35 1232
2005-06 381 166 12 39 598

Kofi Asante 7
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Vea Irrigation scheme

Cultivated Areas

Year (ha) Total
Rice Tomato Pepper  Onion
1985 - 86 162 136 0 0 298
1986 - 87 213 230 0 0 443
1997 - B8 217 278 0 0 495
1988 - 89 0 191 0 0 191
1989 - 90 280 il4 0 0 594
1990 - 9] 205 92 0 0] 297
1991 - 92 80 166 0 0 246
1992 - 93 60 123 D 0 183
1993 -94 278 0 0 0 278
1994 -95 147 0 0 0 147
1995 - 96 254 122 0 0 376
1996 - 97 76 257 0 0 333
1997-98 113 171 0 0 284
1998 - 99 123 225 0 0 348
1999 - 00 29 262 42 0 295.2
2000 - 01 126 166 1 T 300
2001 - 02 165 198 2 5 370
2002 -03 167 205 5 0 377
2003 - 04 70 54 2 2 128
2004 - 05 66 45 0 0 111
2005- 06 78 64 0 10 152
= e
—r
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Appendix D: Validation Statistics used for ranking models

RANK FLUX MODEL Pattern RMSE Bias RMSE

Cor
(Score) | ADJ. Correlation | mm/day mm/day (mm/day)

CCCMAS 3.1
1(+8] | Yes (T47) 0.888/0.836 | 0.949/0.547 | -0.010/+0.679 | 0.949/0.541
1(+8) | Yes MRI-2.3.2 0.886/0.909 | 0.967/0.438 | -0.084/+0.033 | 0.963/0.437
1(+8] | Yes ECHO-G 0.910/0.840 | 0.864/0.609 | +0.128/+40.290 | 0.854/0.585
4(+3) HadCM3 0.858/0.910 | 1.256/0.711 | +0.230/+0.590 | 1.235/0.397
4 (+3) MIROC 3.2 med | 0.833/0.687 | 1.162/0.802 | +0.035/+0.275 | 1,162/0.752
6 (+2) GFDL 2.0 0.868/0.773 | 1.099/0.938 | +0.091/+0,693 | 1.095/0.632
6 (+2] GFDL.2.1 0.857/0.789 | 1.149/0.784 | +0.215/+0.497 | 1.128/0.606
Bi+1 CCSM3 0.797/0.777 | 1.327/0.627 | +0.160/+0.679 | 1.317/0.622
8(+1) IPSL4 0.808/0.752 | 1.263/0.783 | -0.050/+0.384 | 1.266/0.682
10 (- 1) ECHAMS 0.808/0.887 | 1.351/0.742 | 40.247/+0.567 | 1.328/0.476
10 (- 1) HadGEM 1 0.797/0.851 | 1.614/0.681 | +0.385/+0.312 | 1.568/0.605
10 (- 1) CSIRO 3.0 0.841/0.588 | 1.209/0.875 | -0.161/+0.288 | 1.198/0.826
10 (- 1) GISS.ER 0.774/0.795 | 1.430/0.723 | +0.297/+0.406 | 1.399/0.598
14 (-3) BCCR 0.793/0.684 | 1.311/0.741 | +0,307/+0.108 | 1.275/0.733
15 (- 4) FGOALS-glo 0.816/0.414 | 1.226/1.096 | +0.307/+0.512 | 1.187/0.969
15 (- 4) MIROC 3.2 hi 0.800/0.650 | 1.340/1.110 | +0.281/+0.740 | 1.31/0.827
15 (- 4) GISS-H 0.733/0.726 | 1.512/0.766 | +0.340/+0.338 | 1.473/0.688
18 [-5) INM3.0 0.700/0.456 | 1.606/0.982 +0.116/+0.381 | 1.590/0.905
19 (- 6) CNR M3 0.772/0,761 | 1,438/0.843 | +0.540/+0.532 | 1.333/0.654
20(-7) PCM 0.665/0.474 | 1.715/0.935 | +0.343/+0.328 | 1.680/0.875
Mean 5 best models | 0.938/0.885 | 0,713/0.531 | +0,060/+0.254 | 0.710/0.467
Mean 9 best models | 0.924/0.860 | 0,787/0.602 | +0.073/+0.325 | 0.783/0.507
Mean All models 0.910/0.843 | 0.870/0.655 | +0.184/+0.352 | 0.850,/0.539
i __._,_..--"'-_'_.__
et
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Appendices

rice, tomato and onion

tion requirements of

Trriga

Appendix F

Irrigation requirements for Rice
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Irrigation Requirements for Onion
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Appendix G: Comparison of projections of temperature (top) and rainfall
(bottom) results from MRI-232A and ECHO-G models
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Source: www shanngknowledge net au (Accessed on 15/12/2008)
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