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Abstract

The ongoing changes in global climate threaten the sources of livelihood, especially among smallholder farmers
in poor parts of the world. Smallholder farmers need to recognize the changes in climate already taking place in
their areas and undertake appropriate investments towards adaptation. The coping and adaptation strategies of
the farmers are linked to a very large extent with their perception on climate change and its impacts. The main
objective of this study is to examine smallholder farmers’ perception of climate change vis-a-vis meteorological
data. Specifically this paper answers the following research questions: how smallholder farmers perceive climate
change, what are the meteorological data of the study area, and how meteorological data link with smallholder
farmers’ perception to climate change. The study was carried out in semi-arid areas of Iringa District. The
research design was cross sectional. A multistage sampling procedure was applied to select divisions, wards,
villages and households. Ismani and Pawaga Divisions of Iringa District were purposefully selected based on
their climatic conditions. A total of 240 respondents were drawn randomly from eight villages. Data were
collected through household survey, key informant interviews, observation and focus group discussions methods.
Meteorological data were collected from Tanzania Meteorological Agency. Quantitative data were analyzed
through SPSS and qualitative data through content analysis. Instant Statistical Packages for Agro-climatological
data was used in analyzing the 54 years meteorological data of Nduli meteorological station in Iringa District.
The findings revealed that smallholder farmers perceived climate change in terms of change in temperature,
changes in rainfall, increase in drought condition and increase in malaria and crop pests and diseases. Change in
rainfall pattern, temperature pattern and occurrence of pests and diseases had significant impact on smallholder
farmers’ households whose livelihood depends on rain fed farming. Therefore smallholder farmers need to adapt
to the changing climate. It is recommended that there is need for development of appropriate adaptation
strategies to climate change of which smallholder farmers in semi-arid areas of Iringa District perceived. This
can be achieved by helping smallholder farmers use their local knowledge in combination with introduced
innovations to enhance adaptation to the impact of climate change.

Key words: perception; climate change; temperature and rainfall; semi arid; Iringa; smallholder farmers;
Tanzania

1.0 Introduction

The earth’s average surface temperature has increased by almost 0.74°C over the past century (IPCC, 2007a).
The consequences of this alteration are now becoming more visible as climatic conditions and ecosystems
change (IPCC, 2007b). Climate refers to the characteristic conditions of the earth’s lower surface atmosphere at a
specific location over long period of time; weather refers to the day—to—day fluctuations in these conditions at the
same location (FAO, 2008). Air temperature, precipitation, atmospheric pressure and humidity, wind, and
sunshine and cloud cover are variables that are commonly used by meteorologists to measure daily weather
phenomena. Climate change refers to changes for at least 30 years in all the essential climate variables (FAO,
2008). Climate variability refers only to the year—to—year variations of atmospheric conditions around a mean
state (WMO, 1992). The change in climate is a natural phenomenon as it has been changing since the origin of
earth (FAO, 2008). The natural rate of climate change is so slow that species would have time to adapt the
changes (Darwin, 1959 cited in Lamichhane, 2010). However, change accelerated by anthropogenic activities
takes place at a high rate not allowing species to adapt to that change. This finally creates adverse impacts on
lives, people’s livelihood and development of the society.

Developing countries are more vulnerable to impact of climate change due to the fact that they have low income
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and high dependence on natural resource sectors for their livelihoods and incomes (Leary and Kulkarni, 2007;
Shemsanga et al., 2010; Yanda and Mubaya, 2011). The impacts of climate change are likely to severely damage
social and economic systems of most developing countries (Yanda and Mubaya, 2011). The ongoing changes in
global climate threaten the sources of livelihood, especially in poor parts of the world (Hisali et al., 2011).
Agriculture is negatively affected by climate change (Desanker and Magadza, 2001). It has been said that climate
change is set to hit the agricultural sector the most in Sub-Saharan Africa (Tanzania being one of them) and
cause much suffering, particularly to smallholder farmers (Komba and Muchapondwa, 2012).

Smallholder farmers need to recognize the climatic changes already taking place in their areas and undertake
appropriate investments towards adaptation (Komba and Muchapondwa, 2012). Farmers’ ability to perceive
climate change is a key pre-requisite for their choice to adapt (Maddison, 2007; Gbetiouo, 2009; Acquah and
Onumah, 2011; Mengistu, 2011; Moyo et al., 2012; Kitinya et al., 2012). The coping and adaptation strategies of
the smallholder farmers depend, to a very large extent on their perception knowledge level and sources of
information about climate change available to them (Bello et al., 2013). However, perceptions are influenced
not only by actual conditions and changes, but also by other factors (Acquah and Onumah, 2011). Weber (2010)
believes that most farmers’ knowledge and exposure to climate change have been influenced indirectly by the
media reporting various events on climate change occurring elsewhere. Having fertile soil and access to water
for irrigation decreases the likelihood that farmers will perceive climate change (Gbetibouo, 2009) due to the fact
that perception of climate is based on economic and social impact it has on personal lives (Slegers, 2008).

Several studies have been done in Tanzania on climate change impacts, vulnerability, and adaptation strategies.
Only few of them partly focused on perception of local communities on climate change (Lyimo and Kangalawe,
2010; Mongi et al., 2010; Swai and Majule, 2009). However, those studies were done in semi-arid areas of
central and western parts of Tanzania. The knowledge of climatic perception is a key entry points for farmers to
respond to impact of climate change, also for decision makers and policy makers to learn how and where to
enhance adaptive capacity of smallholder farmers. But there is limited knowledge on how smallholder farmers
perceive climate change in semi arid areas of Iringa District. It is important to note that local perception cannot
be estimated by models (Okonya et al., 2013) and adaptation is place based and needs the use of place specific
strategies (Hassan and Nhemachena, 2008; Kurukulasuriya and Mendelsohn, 2008; Lobell et al., 2008; Seo et al.,
2008; Deressa et al., 2011). Therefore, this study examined how smallholder farmers in Iringa District semi arid
areas perceive climate change and implication of these changes in agriculture production.

This study is in line with the National Climate Change Strategy (URT, 2012) of which, one of its specific
objectives aims at building the capacity of Tanzania to adapt to climate change impacts. First first step towards
building this capacity is to underline the perception knowledge level of smallholder farmers (Tanzanians) about
climate change. Also, the study is in line with the National Adaptation Programme of Action (NAPA) (URT,
2007), which calls for identification of immediate and urgent climate change adaptation actions that are geared
toward long-term sustainable development. These efforts are intended to shield both the Tanzania Development
Vision 2025 and Millennium Development Goals from failure due to the climate change impacts. As such,
perception is a necessary precondition for adaptation. Therefore, smallholder farmers’ perceptions of climate
change and variability are important in adaptation as they determine decisions in agricultural planning and
management.

2.0 Methodology

The study was conducted in Iringa District in Iringa Region Tanzania. The district is one of the four districts of
Iringa Region. Iringa District has six administrative divisions. Two divisions namely Ismani and Pawaga out of
six were selected for the study basing on their climatic conditions. The area (Ismani and Pawaga) is semi-arid
with low mean rainfall ranging from 500 to 600 mm. The temperature in Pawaga Division is over 25 °C while
that in Ismani Division is 20 — 25 °C.

The rationale for choosing Iringa District for the study was twofold. First, Iringa District was one of the major
maize producing districts in Iringa Region until the early 1970s, but now agricultural production is low due to
unreliable rainfalls. Secondly, Iringa District especially in Ismani and Pawaga Divisions experiences recurrent
drought conditions, therefore, is more vulnerable to impact of climate change than other areas in the region.
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The study used a cross-sectional research design. A multistage sampling procedure was applied to select
divisions, wards, villages and then households. This procedure allows more than one sampling method to be used.
Ismani and Pawaga Divisions were purposifully selected basing on their climatic condition. Four wards in
Ismani and Pawaga Divisions were selected randomly. In each selected ward; two villages were randomly
selected making a total of eight villages. A total of 240 respondents were drawn randomly.

Both quantitative and qualitative data were collected. Quantitative data were collected through household survey
method. A tool for this method was a questionnaire. The questionnaire was pre-tested to ten households in
Lwang’a village, Ismani Division and accordingly revised to produce the final questionnaire that was
administered to heads of household smallholder farmers through in—depth personal interview approach.
Information on smallholders’ perception on climate change was gathered through this method. Qualitative data
were gathered through focus group discussion, key informant interview and field observation methods.
Secondary data were collected from Tanzania Meteorological Agency whereby temperature and rainfall year to
year data from 1961 — 2013 from Nduli meteorological station in Iringa district were gathered. Meteorological
data were collected so as to establish the extent to which climate has changed (through rainfall and temperature).

Quantitative data collected through household survey method were analyzed using Statistical Package for Social
Sciences (SPSS). The perception of smallholder farmers was organized into three levels. The highest perception
had a score of 30; the neutral had a score of 20; the lowest perception had a score of 10. Therefore the lowest
perception was represented by 10-19 while the highest perception was represented by 21-30. A score of 20 meant
neutral. Descriptive statistics was applied whereby frequency and percentage were calculated. Qualitative data
were analyzed using content analysis. Instant Statistical Packages for Agro-climatological data was used in
analyzing the 54 years meteorological data of Nduli meteorological station. Daily mean rainfall was computed
and cumulative mean daily rainfall curve was used to estimate possible late start and early end of growing season.
Maximum and minimum mean temperatures, annual mean temperature were computed. Total rainfalls, number
of wet days and a 7-day or more dry spell within 30-day periods in each season were computed for each year and
hence simple linear trend analysis for each characteristic was carried out. The dry spells were grouped into three
temporal periods of seventeen years each for early, mid and late years i.e. 1961-1977, 1978-1994 and 1995-2011
respectively.

3. Results and Discussion

The main objective of this study was to examine on how smallholder farmers perceive climate change. The level
of perception on climate change is very high as shown in Tablel. About 99% of respondents perceived changes
in climate. The minimum perception was 11 while the maximum perception was 30. The results imply that
smallholder farmers had very high perception on climate change. The results were complemented by
climatological data from Nduli station, Ismani Division in Iringa District which showed the climate was
changing (Figure 1-7).

Tablel. Level of Perception on Climate change
I II Frequency II Percentage
I Low perception II II 0.8
I Neutral II 0.4

I High perception 3 II 98.8
| Total 1000

3.1 Smallholder Farmers’ Perception of Temperature Change

The study revealed that significant numbers of smallholder farmers perceived that there was an increase in
temperature. About 61% of respondents (Table 2) remarked that the temperature has increased today comparing
to twenty or more years back. However, 35% did not notice temperature increase. About 59% of respondents
claimed that there was extremely high temperature during summer, while 34% opposed that claim. Also
respondents were asked whether they agreed that there was an extreme cold weather during winter. About 64%
of respondents agreed that there was extreme cold during winter. However, perception of smallholder farmers on
increase of temperature was confirmed by the trend of mean annual temperature (Fig. 1) which showed increase
in temperature.

The trend of mean annual temperature for Iringa District was increasing and statistically highly significant (P<
0.01) (Fig. 1). Both the mean maximum and mean minimum temperature were significantly increasing. But the
mean maximum temperature appeared to rise at a higher rate than the mean minimum temperature. These trends
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were similar with those of Manyoni District (Mary and Majule, 2009) where mean maximum temperature
increased rapidly and mean minimum temperature increased slowly. The results differ from those of Tabora
(Mongi et al., 2010) where the minimum temperature increased faster while the maximum temperature increased
gradually. Also the results differ from those of Shinyanga Rural District (Lyimo and Kangalawe, 2010) who
reported that both minimum and maximum temperature showed significantly increasing trends but the minimum
temperature increased sharply while the maximum temperature increased gradually. This implies that different
areas experiencing similar climatic conditions can experience changes in climate differently.
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Figure 1: Iringa Mean Annual Temperature 1960-2013

According to IPCC (2007b), increase in average temperature will adversely affect crops, especially in semi arid
areas where heat has become a limiting factor for crop production. Increase in temperature also increases evapo-
transpiration rate of plants, and increases chances for severe drought. This means farming activities in semi-arid
areas of iringa District were affected by the increased temperature. This has impact on food security and
smallholder farmers’ wellbeing in general.

Table 2: Perception of Climate Change among Smallholder Farmers

Variables Disagree Undecided Agree
There is increase in temperature 354 33 61.3
There is extremely high temperature during 34.1 6.3 59.6
summer

There is extreme cold temperature during winter 279 6.7 65.4
Precipitation has decreased 1.2 0.0 98.7
There is change in timings of rains 1.2 0.0 98.8
Frequencies of drought have increased 1.2 0.0 98.8
It rains in patches within the same village 0.8 0.0 99.2
It rains much in short time periods leaving other 2.5 1.3 96.2
months dry

There is increase in malaria 28.3 5.8 65.8
There is increase in pests and crop diseases 10.5 54 84.2

3.2 Smallholder Farmers’ Perception of Changes in Rainfall Pattern

Field results show a decrease in rainfall, whereby 98% of respondents (Table 2) observed that the rain was
decreasing comparing to two or more past decades. The meteorological data also show total annual rainfall in
Iringa District is decreasing with time (Fig. 2), though the rainfall trend of 54 years shows the decrease is not
statistically significant at P<0.05. Thus smallholder farmers’ perception on decrease in rainfall might be
influenced by other factors such as distribution of rainfall. A similar trend has been noted in Usangu Plains in
Tanzania (Kihupi ef al., 2007), and Shinyanga Rural District (Lyimo and Kangalawe, 2010) that annual rainfall
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amount had been in declining trends, but the decrease was not statistically significant. This implies that the area
might be receiving the same amount of rainfall, but there are changes in its distribution. Kingamkono et al (1994)
and Kihupi et al., (2007) argue that the timing and distribution of rainfall determine both the length and quality
of the growing season, and hence have important implications for agricultural production and food security
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Figure 2: Trend of annual rainfall for Iringa (Solid line = linear; dashed line = polynomial)

Rainfall from farmer’s point of view entails the onset, cessation and length of rain season (Kihupi ez al., 2007).
Field results show that the rain falls much in a short period of time living other months dry during rainy seasons.
This was noted by 96% of respondents (Table 2). Also about 98% of respondents (Table 2) agreed that there was
change in timing of rains. These results were also confirmed in meteorological data which showed the beginning
and ending of rains has changed significantly (Fig. 3 and 4). The trend shows the onset of rains in 1960s and
early 1970s was in November but currently has shifted to mid December; the trend was statistically highly
significant at P < 0.01 (Fig. 3). Also the trend of cessation dates was changing. Rainfall cessation in 1960s and
early 1970s was in May, but currently it has shifted to April. The trend of cessation was statistically very highly
significant at P < 0.001 (Fig.4). These trends (onset and cessation) imply that, the rain season starts late and ends
early. This has repercussion on the growing season. The length of growing season has declined with time and the
change was statistically very highly significant at P < 0.001 (Fig.5). The results were similar to those of Bukita
District in Zimbabwe (Simbarashe, 2013) that showed a general increase in temperature and declining in rainfall
and shortening of crop growing season. The same had been reported by farmers of Laikipia District in Kenya
( Ogalleh et al., 2012) that were experiencing shorter rain than in the past. As Lobell and Marshall (2010)
reported, climate was reducing and expected to further reduce growing season length throughout much of the
tropics. This has impact to smallholder farmers because traditional seed varieties cannot reach their full maturity
under such shortened growing season. The situation calls for attention on adaptation measures, such as planting
early maturing seed varieties, drought resistant crops and irrigation so as to improve agriculture production in
semi-arid areas of Iringa District.
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Figure 3: Trend of rainfall onset dates for Iringa (Solid line = linear; dashed line = polynomial)
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Figure 4: Trend of rainfall cessation dates for Iringa (Solid line = linear; dashed line = polynomial)
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Figure 5: Trend of growing season length for Iringa (Solid line = linear; dashed line = polynomial)

Field results show increase in drought frequency, as reported by 98.8% of respondents (Table 2). These field
results are reflected in meteorological data (Fig. 6 and 7). The quality of growing season is influenced by the
magnitude of intervening dry spells (Kihupi et al., 2007). The number of wet days within the growing season in
Iringa District is decreasing and highly statistically significant at P < 0.01 (Fig. 6). Meteorological data shows
increase in the occurrence of dry spells during rainy season in Iringa District (Fig. 7). The probability of having a
7-day or more dry spell within a 30-day during growing season is high now comparing to 1961-1977 period.
These results are similar to those of Laikipia District in Kenya (Ogalleh et al., 2012) who asserted that farmers in
Laikipia District are experiencing increase in frequency of droughts. The same has been noted in Manyoni
District in Tanzania (Swai and Majule, 2009) whereby farmers were experiencing increase in dry spells.

During focus group discussion and key informant interview, it was revealed that, there were prolonged dry spells
in February which affected crops especially early maturing maize varieties that were said to be intolerant to
drought conditions. This means increased risk of crop failure to smallholder farmers due to poor germination,
stunted growth and drying of crops before their maturity caused by changes in rainfall pattern. Also focus group
discussions and key informant interviews revealed that, smallholder farmers sometimes had to re-plough and re-
plant crops due to unpredictability of rainfall, hence, increase in production costs. The results were similar with
those of Dodoma in Tanzania (Nelson and Stathers, 2009) whereby farmers had to replant bulrush millet and
groundnuts more often due to unpredictable rains. This means that time and seeds were wasted and quality of
crops was affected. Farmers also in semi-arid areas of Iringa District reported changes in rainfall pattern, that
rains used to fall throughout the entire village or across villages at a time, but nowadays it rains in patches in the
same village. This was reported by 99% of respondents (Table 2). All these changes in climate have impacts on
crops, food security and wellbeing of smallholder farmers who depend mostly on farming activities.
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Figure 6: Trend of number of wet days for Iringa (Solid line = linear; dashed line = polynomial)
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Figure 7: Trend of probability of a 7-day dry spell within a 30-day period following the date indicated on the
horizontal axis for Iringa for the respective temporal periods

3.3 Smallholder farmers’ Perception on Increase in Diseases and Pests

The study revealed that, there is increase in diseases and pests such as malaria to human being due to increase in
temperature favouring environment for multiplication of host insects and pests. About 65% of respondents (Table
2) claimed that there was increase in malaria in the study area. Malaria has been increasing and spreading even
in cold areas of Tanzania like Njombe and Arusha where formerly there was no malaria. This is due to increase
in temperature creating favourable environment for mosquito (URT, 2012). Mosquito is responsible for spread of
vector bone disease malaria. About 28% of respondents (Table 2) did not agree that malaria is increasing. This
was complemented with focus group discussions where some members said malaria incidences were decreasing
due to provision of free mosquito nets in Tanzania. Also the study revealed that there was increase in crop
disease and pests which were not there or were at small scales in two or more past decades as reported by 59% of
respondents (Table 1). Crop diseases and pests have impact on crop production, especially to smallholder
farmers due to increase in pests and crop diseases; farmers have to buy pesticides which are expensive, hence,
increasing production costs.
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4. Conclusion and Recommendation

Smallholder farmers have perceived that the climate is changing and it is getting worse over time. There is a
concern that the temperature is increasing and rainfall is unreliable and unpredictable; the onset and ending of
rain have changed leading to significant reduction in growing season. Also dry spells have increased causing
poor germination and drying of crops before reaching a maturity stage. This sometimes led to re-planting of
crops adding more cost of production to smallholder farmers. These perceptions on climate change could be
influenced by other factors such as availability of irrigation water, soil fertility, and information from media on
climate change. Meteorological data trends (from Nduli station in Iringa District) of temperature, rainfall, onset
and cessation of rain, growing seasons, number of wet days and probability of occurrence of dry spells provide
evidence that the climate is changing. Change in rainfall pattern, temperature pattern and occurrence of pests and
diseases has significant impact on household of smallholder farmers whose livelihood depends on rain fed
farming. Therefore smallholder farmers need to adapt to the changing climate.

It is recommended that there is a need for development of appropriate adaptation strategies to climate change
which was perceived by smallholder farmers in semi-arid areas of Iringa District. This can be achieved by
helping smallholder farmers use their local knowledge in combination with introduced innovations to enhance
adaptation to the impact of climate change. Joint action among researchers, extension officers, smallholder
farmers and policy makers will enable development of adaptations strategies which are more efficient to
overcome impact of climate change.
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