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ABSTRACT 
 

Describing climate change by the increase in average temperatures is inescapably useful, but at the same time often 
misleading. Increases in global average temperature of only a few degrees, comparable to normal month-to-month 
changes in many parts of the world, will have drastic and disruptive effects. Agriculture has always been dependent on 
the variability of the climate for the growing season and the state of the land at the start of the growing season. The 
key for adaptation for crop production to climate change is the predictability of the conditions. What is required is an 
understanding of the effect on the changing climate on land, water and temperature. Research on crop yields has 
received significant attention on a variety of scientific fronts. Plant and soil science research has provided an 
indication of the potential of the Canadian prairies to produce food and fibre with given conditions. Across the 
prairies, crops yields will vary. All crops in Manitoba may decrease by 1%, Alberta wheat, barley and canola may 
decrease by 7% and Saskatchewan wheat, barley and canola may increase by 2-8%.  
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INTRODUCTION 
 

The Current State of Knowledge 
Early research on agricultural impacts led to some 

rather dire predictions of adverse impacts of climate 
change on food production, and the public perception that 
climate change may lead to global food shortages 
continues today. Although state-of-the-art at the time, the 
early predictions involved relatively simple data and 
methods, typically estimating the effects of increases in 
average annual temperature on yields of a limited number 
of crops at a limited number of locations, and 
extrapolating the typically negative effects to large 
regions. With advances in data and models, most 
assessments of the impacts of climate change on 
agriculture predict that the world’s ability to feed itself is 
not threatened by climate change. The most recent IPCC 
report on Impacts and Adaptation finds that climate 
change is likely to have both positive and negative 
impacts on agriculture, depending on the region and the 
type of agriculture. Overall, the report predicts that during 
the present century there will be a “marginal increase in 
the number of people at risk of hunger due to climate 
change.” (Easterling et al., 2007). However, research also 
shows that this finding should not lead to complacency, as 
analysis also suggests that some of the poorest and most 

vulnerable regions of the world are likely to be impacted 
negatively, and in some cases, severely. One of the most 
important advances made in response to these early 
studies was to recognize that economic agents in this case, 
farmers and the various private and public institutions that 
support agriculture – would adapt to climate changes in 
ways that would tend to mitigate negative impacts and 
take advantage of positive impacts. Another important 
advance in research was to recognize that there would be 
substantially different local, regional and global impacts. 
As data and modeling capability has improved, it has 
become increasingly clear that there are likely to be 
substantial adverse changes in some particularly 
vulnerable regions, such as in the semi-arid tropics, but 
there is also likely to be positive changes in the highland 
tropics and in temperate regions (Parry et al., 2004).This 
article is review and the aims are climate change impacts 
on agricultural systems. 
 

Crop Yields 
Agriculture has always been dependent on the 

variability of the climate for the growing season and the 
state of the land at the start of the growing season. The 
key for adaptation for crop production to climate change 
is the predictability of the conditions. What is required is 
an understanding of the effect on the changing climate on 
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Fig 1: Projected impact of climate change on agricultural yields by the 2080s, compared to 2003 levels (Cline, 2007). 

 

 
 

Fig 2: The multiple adverse effects of global warming and climate change on food security is very complex involving many combined 
additive and cumulative effects - for too many to be captured by climate crop models. 
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land, water and temperature. Research on crop yields has 
received significant attention on a variety of scientific 
fronts. Plant and soil science research has provided an 
indication of the potential of the Canadian prairies to 
produce food and fibre with given conditions. In reality, it 
is difficult to accurately predict crop yields, because of the 
variability of conditions and subsequently production on 
the prairies. An example of this is CO2 enrichment. 
Laboratory experiments have concluded the CO2 
enrichment may benefit C3 crops (e.g. rice, wheat, 
soybeans, potatoes and vegetables), although these 
improvements found in laboratory experiments may not 
be realised in the field. A temperature rise extends the 
growing season and the farmable area, it causes earlier 
maturity of grain and opens up for the growing/farming of 
new crops. While the temperature rise is beneficial to the 
crops, the extra heat also affects weeds. Weeds, pests, and 
insects tend to get better living conditions under higher 
temperatures. To further increase the risks of a good crop, 
there is also the potential for poor herbicide performance. 
The combination of the weeds, pests and poor herbicide 
performance reduces the potential crop yields. The 
increase in temperature also increases evaportranspiration, 
which has a negative impact on crop yields. During the 
growth cycle of the plant, water is needed at the initial 
stages of production, but not during the final stages. Low 
levels of precipitation have a negative effect on the 
germination of the seeds. Dry conditions, frequency and 
severity of dust storms all result in decreased production 
of major grains. Given the potential changes in production 
variables, it is estimated that the average potential yields 
may fall by 10-30% (Williams et al., 1988). Across the 
prairies, crops yields will vary. All crops in Manitoba may 
decrease by 1%, Alberta wheat, barley and canola may 
decrease by 7% and Saskatchewan wheat, barley and 
canola may increase by 2-8% (Arthur, 1988). 

 

Temperature thresholds for crop yields 

Describing climate change by the increase in average 
temperatures is inescapably useful, but at the same time 
often misleading. Increases in global average temperature 
of only a few degrees, comparable to normal month-to-
month changes in many parts of the world, will have 
drastic and disruptive effects. A recent study suggests that 
it may be easier for people to perceive climate change as 
reflected in temperature extremes, such as the marked 
increase in the frequency of temperatures more than three 
standard deviations above the local summer norm for 
1951-80 (Hansen et al. 2012). 

An important new wave of research shows that crops, 
too, are often more sensitive to temperature extremes than 
to averages. In many cases, yields rise gradually up to a 
temperature threshold, then collapse rapidly as 
temperatures increase above the threshold. This threshold 
model often fits the empirical data better than the earlier 
models of temperature effects on yields. It is obvious that 
most crops have an optimum temperature, at which their 
yields per hectare are greater than at either higher or lower 
temperatures. A simple and widely used model of this 
effect assumes that yields are a quadratic function of 
average temperatures.8 The quadratic model, however, 
imposes symmetry and gradualism on the temperature-
yield relationship: yields rise smoothly on the way up to 

the optimum temperature, and then decline at the same 
smooth rate as temperatures rise beyond the optimum. 
The threshold model makes two innovations: it allows 
different relationships between temperature and yield 
above and below the optimum; and it measures 
temperatures above the optimum in terms of the growing-
season total of degree-days above a threshold, rather than 
average seasonal or annual temperatures.9 Perhaps the 
first use of this model in recent agricultural economics 
was Schlenker et al. (2006), drawing on earlier agronomic 
literature. This approach has a solid grounding in plant 
biology: many crops are known to have temperature 
thresholds, in some cases at varying temperatures for 
different stages of development (Luo, 2011). The 
threshold model has been widely used in the last few 
years. For instance, temperature effects on maize, 
soybean, and cotton yields in the United States are 
strongly asymmetric, with optimum temperatures of 29 - 
32°C and rapid drops in yields for degree-days beyond the 
optimum. For maize, replacing 24 hours of the growing 
season at 29°C with 24 hours at 40°C would cause a 7 
percent decline in yields (Schlenker and Roberts, 2009). 
A very similar pattern was found in a study of temperature 
effects on maize yields in Africa, with a threshold of 30°C 
(Lobell et al., 2011). Under ordinary conditions, the 
effects on yields of temperatures above the threshold were 
similar to those found in the United States; under drought 
conditions, yields declined even faster with temperature 
increases. Limited data on wheat in northern India also 
suggest that temperature increases above 34°C are more 
harmful than similar increases at lower levels (Lobell et 

al., 2012). A study of five leading food crops in sub-
Saharan Africa found strong relationships of yields to 
temperatures (Schlenker and Lobell, 2010). By mid-
century, under the A1B climate scenario, yields are 
projected to drop by 17 to 22 percent for maize, sorghum, 
millet, and groundnuts (peanuts) and by 8 percent for 
cassava. These estimates exclude carbon fertilization, but 
maize, sorghum, and millet are C4 crops, while cassava 
has a negative response to increased CO2, as noted above. 
Negative impacts are expected for a number of crops in 
developing countries by 2030. Among the crops most 
vulnerable t temperature increases are millet, groundnut, 
and rapeseed in South Asia; sorghum in the Sahel; and 
maize in Southern Africa (Lobell et al., 2008). Other 
crops exhibit different, but related, patterns of temperature 
dependence; some perennials require a certain amount of 
“chill time,” or annual hours below a low temperature 
threshold such as 7°C. In a study of the projected loss of 
winter chilling conditions in California, Germany, and 
Oman, fruit and nut trees showed large decreases in yield 
due to climate change (Luedeling et al., 2011). Studies of 
temperatures and yields based on recent experience, 
including those described here, are limited in their ability 
to project the extent of adaptation to changing 
temperatures. Such adaptation has been important in the 
past: as North American wheat production expanded into 
colder, drier regions, farmers adapted by selecting 
different cultivars that could thrive in the new conditions; 
most of the adaptation occurred before 1930 (Olmstead 
and Rhode, 2010). On the other hand, regions of the 
United States that are well above the optimum 
temperatures for maize, soybeans, and other major crops 
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have grown these crops for many years, without any 
evidence of a large-scale shift to more heat-resistant crops 
or cultivars; temperature-yield relationships are quite 
similar in northern and southern states (Schlenker and 
Roberts, 2009). Thus adaptation is an important 
possibility, but far from automatic. 

 

Livestock production 
The main effects of climate change on livestock from 

increased temperature and decreased precipitation is 
distress, but because livestock do not have the same 
limitations as crops there are potential benefits to 
expanding acreage. The increasing temperatures can have 
varying effects, depending on when they occur. Warmer 
conditions in the summer can lead to stress on range and 
housed livestock since dry pastures, poor hay and feed 
production and shortages of water all lead to worse 
conditions for cattle (Arthur, 1988).On the other hand, 
increased temperatures during the winter months can 
reduce the cold stress experienced by livestock remaining 
outside, as well as reduce the energy requirements to heat 
the facilities of those banimals inside. In the previous 
section, it was mentioned that crops required class 3 or 
better land to produce acceptable yields, however, to 
produce acceptable pastures does not have the same 
restrictions. The increased temperature would have a 
positive effect on the growth of the pasture, and provide 
better feed for livestock. This assumes that the pastures 
are in areas where moisture is not a critical issue. Water 
resources are critical to a successful livestock operation. 
All livestock operations require good quality drinking 
water, and without it livestock will not survive. As with 
crops, diseases and insects could have an adverse effect 
on much of the livestock industry. Insects and diseases 
that livestock is unaccustomed to could move into the 
production area. Secondary effects such as dust storms 
and wind erosion also factor into the worsening 
conditions for livestock. Livestock is more resistant to 
climate change than crops because of its mobility and 
access to feed. Livestock production could be one of the 
key methods for farmers to adapt to climate change 
through diversification of their farming mix (Arthur, 
1988). 
 

Climate change, water and agriculture 
Warming is increasing the atmosphere’s capacity to 

hold water, resulting in increases in extreme precipitation 
events (Min et al., 2011). Both observational data and 
modeling projections show that with climate change, wet 
regions will generally (but not universally) become 
wetter, and dry regions will become drier (Sanderson et 

al. 2011; John et al. 2009). Perceptible changes in annual 
precipitation are likely to appear in many areas within this 
century. While different climate models disagree about 
some parts of the world, there is general agreement that 
boreal (far-northern) areas will become wetter, and the 
Mediterranean will become drier (Mahlstein et al., 2012). 
With 2°C of warming, dry-season precipitation is 
expected to decrease by 20 percent in northern Africa, 
southern Europe, and western Australia, and by 10 percent 
in the southwestern United States and Mexico, eastern 
South America, and northern Africa by 2100 (Giorgi and 
Bi, 2009).10 In the Sahel area of Africa, the timing of 

critical rains will shift, shortening the growing season 
(Biasutti and Sobel, 2009), and more extensive periods of 
drought may result as temperatures rise (Lu, 2009). 11 In 
the Haihe River basin of northern China, projections call 
for less total rainfall but more extreme weather events 
(Chu et al., 2009). Indian monsoon rainfall has already 
become less frequent but more intense, part of a pattern of 
climate change that is reducing wet-season rice yields 
(Auffhammer et al., 2011). The relationship of crop yields 
to precipitation is markedly different in irrigated areas 
than in rain-fed farming; it has even been suggested that 
mistakes in analysis of irrigation may have accounted for 
some of the optimism about climate and agriculture in the 
1990s literature (Schlenker et al., 2005). In California, by 
far the leading agricultural state in the United States, the 
availability of water for irrigation is crucial to yields; 
variations in temperature and precipitation are much less 
important, as long as access to irrigation can be assumed 
(Schlenker et al., 2007). Yet there is a growing scarcity of 
water and competition over available supplies in the state, 
leading some researchers to project a drop in irrigated 
acreage and a shift toward higher-value, less-water-
intensive crops (Howitt et al., 2009). An analysis of 
potential water scarcity due to climate change in 
California estimates that there will be substantial costs in 
dry years, in the form of both higher water prices and 
supply shortfalls, to California’s Central Valley 
agriculture (Hanemann et al., 2006). In California, 
projections of changes in annual precipitation are not 
consistent across climate models. Even if annual 
precipitation remains constant, however, climate change 
can worsen the state’s water crisis in at least two ways. 
Higher temperatures increase the need for water for 
irrigation, and for municipal and other uses. Rising 
temperatures also mean that winter snows will be replaced 
by rain, or will melt earlier in the year – which can have 
the effect of reducing the available supplies of water. The 
mountain regions of the western United States are 
experiencing reduced snowpack, warmer winters, and 
stream flows coming earlier in the calendar year. Since 
the mid-1980s, these trends have been outside the past 
range of natural variation, but consistent with the expected 
effects of anthropogenic (human-caused) climate change 
(Barnett et al., 2008). In the past, snowmelt gradually 
released the previous winter’s precipitation, with 
significant flows in the summer when demand is highest. 
The climate related shift means that water arrives, in large 
volume, earlier in the year than it is needed  and the peak 
runoff may overflow existing reservoir capacity, leading 
some of it to flow directly to the ocean without 
opportunity for human use (Barnett et al., 2005). We 
developed a model of the interactions of climate, water, 
and agriculture in California and in the five-state region, 
assuming constant annual precipitation but modeling 
temperature-driven increases in demand as well as 
changes in seasonal stream flows (Stanton and Fitzgerald, 
2011). We found that climate change makes a bad 
situation much worse, intensifying the expected shortfall 
in water availability. Under one estimate of the cost of 
supplying water, we found that climate change is 
transforming the region’s $4 trillion water deficit over the 
next century into a $5 trillion shortfall (Ackerman and 
Stanton, 2011). 
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Agriculture policy 
Government policies have had a significant impact on 

current agriculture and will continue to do so 
(Tyrchniewicz and Wilson, 1994). Previous agriculture 
policies, such as the Western Grain Transportation Act 
and the Canadian Wheat Board Act, rewarded expansion 
of cropland and made land-use changes difficult (Baydack 
et. al., 1996). Many policies of the past have not 
considered the need for adaptation, because it was not 
viewed as an issue. Some of the current income protection 
policies such as crop insurance, and the Gross Revenue 
Income Program, need to be reviewed with adaptation as a 
guiding force. Many of these programs and policies 
encourage certain farming techniques and products and 
can have a major effect on adaptation. For example, if 
farmers have a guaranteed income when they use a certain 
practice (which may or may not be sustainable) then they 
will be encouraged not to use another practice which 
could be sustainable since it is not insurable and thus does 
not have a guaranteed income. As a result, many farmers 
make products that are insurable, using techniques that are 
insurable despite the sustainability, or in this case, climate 
change implications. The current shifts in agriculture 
policy are starting to allow more flexibility in production, 
not only in techniques, but also in products. Agriculture 
and Agri-food Canada has introduced a program called 
the Canadian Adaptation and Rural Development Fund. 
The focus of this program has been to assist rural 
communities and farmers in adapting to changes in 
economic policies. While the program is not aimed at 
climate change, there is potential to use it to have 
agriculture adapt to more than just economic policies. At 
the moment, however, the issue of climate change is 
viewed only from the mitigation perspective, in terms of 
agriculture's capacity to reduce greenhouse gas emissions 
and act as a carbon sink. The issue of impacts and 
adaptation is grossly neglected within the debate 
involving climate change and sustainable agriculture 
(Agriculture and Agri-food Canada, 1996). Unless there is 
a substantial shift in the thinking of Agriculture and Agri-
food Canada regarding climate change and agriculture, the 
economic policies designed to help facilitate adaptation to 
changing global economic conditions may turn out to be a 
missed opportunity. 
 

Agriculture and Sustainability 

In terms of the effect of changing crop mixes and 
revenues on the rest of the prairie economies, other 
sectors will be affected by expenditures for farm inputs 
and consumer goods and services. Discretionary 
expenditures change in direct response to changes in cash 
flow, hence those scenarios that produce a negative effect 
on prairie agriculture will pass on those negative effects to 
other sectors too but to a lesser degree (Arthur, 1988). 
While it is tempting to compare results from different 
sources, this should be done with caution since these 
studies have all been done using different assumptions 
and methodologies. Furthermore, most studies only take 
the effect of climate change into account while all other 
factors are held constant. Given the complexity of 
combining climate change models with economic and 
other models and the degree of uncertainty inherent in all 
of these models, figures and predictions that are presented 

as economic impacts in section III have to be interpreted 
accordingly. While past experience has indicated that the 
agricultural sector is able to respond and adapt quickly to 
changes in climate, government will play a role in how the 
sector adapts and how quickly. Government 
compensation, subsidy and assistance are programs which 
the government uses to offer rural communities some 
form of economic and social security. However, if farmers 
on an individual level are always able to access 
government assistance when faced with climatic 
catastrophe they do not have an incentive to change their 
practices so that they match the climatic reality since the 
government will always bail them out. A balance needs to 
be found between government programs that help in 
emergencies and act as short term coping strategies versus 
government programs that encourage their use as an 
adaptive strategy (Smit, 1995; Van Kooten, 1992). In 
terms of the effect of changing crop mixes and revenues 
on the rest of the prairie economies, other sectors will be 
affected by expenditures for farm inputs and consumer 
goods and services. Discretionary expenditures change in 
direct response to changes in cash flow, hence those 
scenarios that produce a negative effect on prairie 
agriculture will pass on those negative effects to other 
sectors too but to a lesser degree (Arthur, 1988). While it 
is tempting to compare results from different sources, this 
should be done with caution since these studies have all 
been done using different assumptions and methodologies. 
Furthermore, most studies only take the effect of climate 
change into account while all other factors are held 
constant. Given the complexity of combining climate 
change models with economic and other models and the 
degree of uncertainty inherent in all of these models, 
figures and predictions that are presented as economic 
impacts in section III have to be interpreted accordingly. 
While past experience has indicated that the agricultural 
sector is able to respond and adapt quickly to changes in 
climate, government will play a role in how the sector 
adapts and how quickly. Government compensation, 
subsidy and assistance are programs which the 
government uses to offer rural communities some form of 
economic and social security. However, if farmers on an 
individual level are always able to access government 
assistance when faced with climatic catastrophe they do 
not have an incentive to change their practices so that they 
match the climatic reality since the government will 
always bail them out. A balance needs to be found 
between government programs that help in emergencies 
and act as short term coping strategies versus government 
programs that encourage their use as an adaptive strategy 
(Smit, 1995; Van Kooten, 1992). The changing climate 
on the Canadian prairies could have a significant role to 
play on the population. Assuming that agriculture moves 
to more diversity, there will be an increase in available 
jobs. This is based on the fact that cereal production on 
the prairies is very mechanized, while other production, 
such as livestock and specialty crops are more dependent 
on labor. The counter argument is that if climate change 
has reduced the ability of the prairies to support humans, 
based on the quality and the quantity of resources such as 
water, soil, flora and fauna, then out-migration can be 
expected. While temperature conditions may be favorable 
for growing new types of crops in the prairies, moisture 
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deficits may preclude these new crops as an adaptation 
option. However, in order to adopt these new crops 
moisture deficits could be overcome through the use of 
irrigation (also an adaptive strategy). Decreasing 
availability of water for all users on the prairies will lead 
to conflicts as producers compete with recreationists, 
household users, electrical utilities, and the manufacturing 
and other industry for water for irrigation (Rosenberg, 
1992; & Wittrock and Wheaton, 1992). 
 

MATERIALS AND METHODS 
 

This article is review and the aims of Climate change 
impacts on agricultural systems. The experiment 1 was 
conducted by Mary and Majule (2009). The study was 
carried out in Manyoni District in Singida Region, 
Tanzania. The district lies between 6°7°S and 34°35°E 
covering an area of 28,620 km2 that is about 58% of the 
entire area of Singida Region. Manyoni District was 
selected for the following reasons; first, it falls within the 
semi-arid areas of Tanzania where there are frequent food 
shortages due to uncertainty of rainfall. According to URT 
(2005) the 2000/01 household surveys, the district fell 
within regions with worst assessment of food poverty. In 
the district, 55% of its populations are living below the 
food poverty line. Average per capita earning of residents 
is estimated at 170 US dollars (URT, 2005). (Mary and 
Majule 2009).  Second, the area provides an opportunity 
to study impacts associated with CC & V on crop and 
livestock and third it is within the project area on 
“Strengthening Local Agricultural Innovation Systems to 
adapt to climate change in Tanzania and Malawi Project”. 
The climate of Manyoni District is basically of an inland 
equatorial type modified by the effects of altitude and 
distance from the Equator. The district forms part of the 
semi-arid central zone of Tanzania experiencing low 
rainfall and short rainy seasons which are often erratic 
with fairly widespread drought of one year in four (Mary 
and Majule, 2009). Manyoni District has a unimodal 
rainfall regime, which is concentrated in a period of six 
months from November to April. The long-term mean 
annual rainfall is 624 mm with a standard deviation of 179 
mm and a coefficient of variation of 28.7%. The long-
term mean number of rainy days is 49 with a standard 
deviation of 15 days and a coefficient of variation of 
30.6%. Generally rainfall in the District is low and 
unreliable. The annual mean, maximum and minimum 
monthly mean daily relative humidity is 80.6%, 86.0% 
(February) and 73.4% (July) respectively (Lema, 2008). 
The maximum and minimum monthly mean daily pan 
evaporation is 6.6 mm/day (November) and 5.2 mm /day 
(January) with standard deviations of 1.2 mm/day and 0.8 
mm/ day respectively (Mary and Majule 2009). 
Temperatures vary according to altitude. The annual 
mean, maximum and minimum monthly mean daily 
temperatures in the District are 22.0°C, 24.4°C 
(November) and 19.3°C (July) respectively. The average 
annual daily sunshine hours are 7.9 h/day. The maximum 
and minimum monthly mean daily sunshine hours are 9.2 
h/day (September) and 6.5 h/day (January) respectively. 
Both secondary and primary data were collected in order 
to address the objectives of this study. Secondary sources 
included published research papers and relevant reports, 

rainfall and temperature data kept at Meteorological 
department, internet search and other relevant sources. 
Primary data were collected using multiple approaches 
including both quantitative and qualitative PRA methods 
were used to collect primary data from the study area. The 
methods used included key informant interviews, focus 
group discussion with at total number of 20 participants 
per village, household interviews to 10% of the total 
number of households per village, historical mapping of 
different climate related events over the past years that 
could be remembered, wealth ranking of different social 
economic groups based on local criteria they use and then 
direct field observations through transect walks. 
Qualitative data from various sources were examined and 
presented bin different forms. Quantitative were edited, 
coded and entered in a computer and the Statistical 
Package for Social Science (SPSS) software version 11.5 
spread sheet was used for the analysis. Descriptive 
statistics were run to give frequencies and then cross-
tabulation was undertaken. Multiple response questions 
were analyzed so as to give frequencies and percentages. 
Tables and bar charts were used to present different 
variables. Cross-tabulation allowed a comparison of 
different study parameters in the two villages. 
Temperature and rainfall data from meteorological 
stations were analyzed using Microsoft Office Excel 2003 
to present patterns and trends of rainfall and temperature 
in the form of graphs (Mary and Majule, 2009). 

The experiment 2 was conducted by Tonkazi et al. 
(2010). Decision Support System for Agrotechnology 
Transfer (DSSAT, 3.5) software is set to manage and 
manipulate weather, soil, and crop data and to run. 
different crop models such as soybean, maize, wheat, 
barley in various ways and analyze outputs. Crop growth, 
and resulting yield and yield components were simulated 
under no water stress using the CERESWheat model, with 
different rates of current daily minimum and maximum 
temperatures and CO2 levels on wheat growth and yield 
parameters. Some of the weather and soil characteristics 
were presented in Table 4 (Tonkazi et al., 2010). 
Simulated parameters included flowering date, 
physiological maturity, grain yield (kg ha-1; dry), 1000 
seed weight (g), grain number (grain m-2), maximum leaf 
area index (m2 m-2), biomass (kg ha-1) at harvest 
maturity, and harvest index (kg kg-1). Simulation region 
was assumed to be faculty of agricultural engineering 
research field (37008I N, 38046I E, with altitude of 465 
m) located at Research Station of the University of 
Harran, Sanliurfa, Turkey. Experiment was conducted on 
a clay loam soil type classified as of the Ikizce soil series 
(Vertic Calciorthid Aridisol) that had a field capacity of 
around 32%, permanent wilting point about 22%, 
available water about 155 mm /120 cm and infiltration 
rate was 13 mm h-1 (Table 5) (Tonkazi et al., 2010). The 
reason this location was selected for this study was 
because recent studies showed that climate in this region, 
either because of global warming or since it was recently 
opened to irrigation, is changing Sanliurfa has average. 
temperature, relative humidity, and wind speed values of 
18.1 0C, 52%, and 1.7 m s-1, respectively, and surrounded 
with Fatik and Tektek mountains from west and east, 
respectively, while Urfa mountain on the north and Syrian 
border on the south side. Winter-US cultivar was used in 
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simulations under the conditions that; there was no 
fertilizer deficiency and water stress (automated irrigation, 
100% efficiency), 1st of October was planting date, and 
250 seed m-2 sowing rate was used with 100% 
germination rate. Weeds, insects and crop diseases had no 
negative effect on yield. CERES-Wheat model was set to 
use Priestly-Taylor evapotranspiration model to calculate 
crop water requirement Weather data used in this study 
were generated using Autoregressive Moving-Average 
method (ARMA (p, q), with which daily average 
minimum and maximum data for each set of temperatures 
(0 and ±2, 4, and 6 0C, 0 represents long term average 
values of temperature and hereafter called as current) 
were simulated. Daily average solar radiation and 
precipitation values were average of 1975-2005 years 
(Tonkazi et al., 2010). 

 

RESULTS AND DISCUSSION 

 
In the experiment 1 was conducted by Mary and 

Majule (2009). Resource maps are important as it shows 
various resources available in the village in which 
peoples’ livelihood depend on. A village resource map 
Figure 2 in Kamenyanga village occupies 4480 hectares 
of land of which residential area is 920 ha, farm land is 
1740 ha, grazing land 884 ha and 1016 ha is a village 
forest reserve area. Kintinku village covers an area of 
3600 ha, 792 ha is residential areas, 1368 ha is farm land, 
1436 ha is grazing  land and 4 ha is village forest reserve 
area Figure 3. In terms of land resource (farmland) as well 
as forest cover, Kamenyanga village seems to be in a 
better position than Kintinku village and therefore 
communities are less vulnerable to impacts of CC & V. 
Their proportions of the groups were provided by the local 
people as presented in Table 1. Generally the stratification 
of the surveyed villages indicated that the poor group 
embodying the largest number of households (Mary and 
Majule, 2009). The percentage of rich category is low in 
both villages which implies that a high level of 
vulnerability of communities in these villages (Table 1). 
For comparison, the household numbers in the medium 
rich group in Kamenyanga were higher than those in 
Kintinku. Parallel to that, Kintinku led with the number of 
households in the poor group but also has a higher number 
of households falling in the rich group. Based on the 
characteristics of the three wealthy groups, it implies that 
vulnerabilities and adaptive capacities among groups vary 
accordingly in the two villages studied. Farming is the 
major economic activity for (61.8%) of the respondents in 
Kamenyanga and (56.9%) in Kintinku (Table 2). 
Although livestock is the second major economic activity 
in Kamenyanga (35.3%) and Kintinku (25.0%), all 
livestock keepers are also farmers and none of the 
respondents was keeping livestock alone. Petty business 
ranked as the third economic activity. However the 
activity appeared to be of less importance to Kamenyanga 
(2.9%) as compared to Kintinku (18.1%) (Mary and 
Majule, 2009).. This is due to the difference in the levels 
of urbanization in these two villages. Since Kintinku is 
more urbanized than Kamenyanga that means petty 
business opportunities are also higher. This implies that 
villagers in Kintinku stand a better chance of coping with 
the impacts of CC & V because they can diversify 

economic activities more easily than villagers in 
Kamenyanga. Given that, farming and livestock keeping 
is the main economic activities in both villages this 
implies that CC & V will have a far-reaching effect on the 
livelihoods of these communities. Other minor economic 
activities included selling of local brew, which was 
common in Kamenyanga and was mainly done by women. 
According to interviews this activity has increased 
recently. In addition, currently there has been an increase 
in the number of women involved in the production of 
charcoal and the collection and selling of firewood. This 
is unlike in the past when these activities were only 
undertaken by men. 

Also in Kamenyanga, there were few people involved 
in bee keeping. It was observed that most of these 
emerging activities are non-farm activities (Mary and 
Majule, 2009). However, the raw materials for preparing 
local brew depend on the availability of crops, whereas 
charcoal and firewood was harvested from the natural 
forest, which is also affected by the CC & V. Table 3 
presents the existing farming systems in Kamenyanga and 
Kintinku villages, which include crop farming (referring 
to production of crops alone), mixed farming (referring to 
crop farming and livestock keeping), shifting cultivation 
and agroforestry. Figure 4 shows that (63.8%) of the 
respondents in Kamenyanga village and (73.8%) in 
Kintinku village perceived that there was an increase in 
temperature over the last 10 years. 

It has been reported that over the last 10 years during 
September to December the area becomes extremely hot, 
especially in Kintinku and during the night it is very cold. 
Figure 5 show that, the majority of respondents (35.8%) 
and (36.2% perceived changes in onset of rains and 
decrease in precipitation (35.8%) and (24.5%) as well as 
increase  in  frequency of  drought (24.7%) and (29.8%) in 
Kamenyanga and Kintinku respectively. The majority 
declared that rainfall onset has changed because they used 
to plant crops in October/November but nowadays they 
have  to  plant  in  December/January. Similar results were 
 

Table 1: Distribution of Wealth Groups in Kamenyanga and 
Kintinku (Mary and Majule, 2009) 

Village 
name 

Total number 
of households 

Rich 
group 

Medium 
rich group 

Poor 
group 

Kamenyanga  400 (100) 20 (5) 140 (35) 240 (60) 
Kintinku   411 (100) 41 (10) 62 (15) 308 (75) 
Total  811 61 202 548 

 

Table 2: Proportion (%) distribution of respondents’ main 
occupation (Mary and Majule, 2009) 

Main occupation  Kamenyanga Kintinku 

Farming  61.8 56.9 
Livestock keeping  35.3 25.0 
Business  2.9 18.1 
Total  100.0 100.0 

Source: Field survey (2008). 

 
Table 3: Farming systems by proportions (Mary and Majule, 
2009) 

Systems  Kamenyanga Kintinku 

Crop farming  48.8 45.5 
Mixed farming   25.5 29.6 
Shifting cultivation  19.3 13.8 
Agroforestry  6.4 11.1 
Total  100.0 100.0 
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Table 4: Some of the selected soil properties used in the study FC, Field capacity; PWP, Permanent wilting point; BD, Bulk density, 
OM, Organic water (Tonkazi et al., 2010) 

Depth,  FC cm3 cm-3 PWP % BD, g cm-3 pH Sand Silt Clay Texture class 

18 0.39 0.23 1.35 7.3 7.3 34.7 58 Clay 
39 0.39 0.23 1.35 7.3 7.1 32.6 60.3 Clay 
49 0.39 0.23 1.36 7.4 7.7 29.2 63.1 Clay 
88 0.39 0.23 1.36 7.4 34.3 19.3 46.4 Clay 
120 0.39 0.23 1.35 7.4 34.3 19.3 46.4 Clay 

 

Table 5: CERES-Wheat model simulation results (Tonkazi et 

al., 2010) 

Parameters CO2 levels (ppm) 

Yield, kg ha-1 380 420 460 500 
Lowest 5209 5312 5413 5498 
Highest 10843 11101 11343 11579 
Current 8287 8455 8611 8754 
Average 8018 8183 8336 8478 
% increase 37.14 37.17 37.14 37.19 
% decrease 30.84 31.29 31.73 32.27 
Flowering date (DAP) 
Lowest 156 156 156 156 
Highest 203 203 203 203 
Current 181 181 181 181 
Average 177 177 177 177 
% increase 13.82 13.82 13.82 13.82 
% decrease 12.16 12.16 12.16 12.16 

 
reported whereby a significant number of farmers in 
eleven African countries believed that temperatures had 
increased and that precipitation had declined. Also 
reported the same. Local perceptions by farmers with 
respect to changes in temperature as well as increasing 
rainfall variability are closed related to empirical analysis 
of rainfall and temperature trends using the data obtained 
from meteorological station. Trend analysis of rainfall 
data indicated that annual rainfall decreased from 1922 to 
2007, more pronounced decrease being from 1982 
onwards.  

Also shows that the onset of rainfall has shifted from 
October to November and that the rainy sea-son is shorter 
ending in March or April(Mary and Majule, 2009). What 
can be noted is that the area might be receiving the same 
amounts of rain but there are changes in distribution and 
therefore leading to floods and/or droughts (see for 
example a graph representing year 2000 – 2007).  

Also the figure show there was changes in rainfall 
peak, see for example the graph representing year 1922-29 
and 1930-39 compared to 1980-89 and 2000-07. For 
farmers, this implies increased risk of crop failure, due to 
poor seed germination, washing away of seeds and crops, 
stunted growth, drying of crops caused by changes in 
rainfall pattern and amount. 

Sometimes this leads to re-ploughing and replanting 
thereby increasing production costs. For livestock, this 
implies decreased pasture and increased parasites and 
diseases due to decreased rainfall (drought) and increased 
(floods) rainfall (Mary and Majule, 2009). In the 
experiment 2 was conducted by Tonkazi et al. (2010). 
ARMA(3,1) and ARMA(3,2) models were well fitted to 
daily maximum and minimum temperatures series of the 
station, respectively. In order to generate synthetic data, 
residuals of the model fitted to certain probability 
distributions. Considering KS values, logistic and 
BetaGeneral distributions were found adequate for 
maximum and minimum temperatures series, respectively. 

Synthetic temperature series were generated using the 
adequate models recombining periodic and probabilistic 
components of the series. At 380 ppm CO2 level, the 
lowest yield occurred at +6 0C, +6 0C treatment (max. and 
min. temperatures, respectively) as 5209 kg ha-1, while 
highest yield occurred as 10843 kg ha-1, at -60C,-60C 
treatment with an average yield of 8018 kg ha-1. At 
current temperatures (0 0C) and CO2 level (380 ppm) 
simulated yield was 8287 kg ha-1. Similarly, at 420 CO2 
level, highest and lowest wheat yields were 11 101 and 5 
312 kg ha-1, respectively (Table 6) (Tonkazi et al., 2010).  

Average and current yield at 420 ppm CO2 level were 
8183 and 8455 kg ha-1, respectively. Likewise, highest 
and lowest wheat yields were simulated as 11343 and 5 
413 kg ha-1 with current and average yields of 8611 and 8 
336 kg ha-1 at 460 CO2 level, respectively (Table 6). In 
agreement with the other three levels, at 500 CO2 level 
maximum, minimum, current and average wheat yields 
turned out to be 11 579, 5 498, 8 754, and 8 478 kg ha-1, 
respectively. Also, when CO2 level was fixed, effect of 
both studied temperatures were similar and there was 
about 37% increase and 32% decrease in wheat yields 
compared to current situation (Table 3 and Figures 1 and 
2). It was noticed that 4.5 0C increases in both 
temperatures would result in severe impact on wheat yield 
(Tonkazi et al., 2010).  
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