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ARTICLE

Climate variability and crop yields synergies in Tanzania’s semiarid
agroecological zone
Msafiri Y. Mkonda a,b and Xinhua Hea,c

aCentre of Excellence for Soil Biology, College of Resources and Environment, Southwest University, Chongqing, China; bDepartment of
Geography and Environmental Studies, Solomon Mahlangu College of Science and Education, Sokoine University of Agriculture,
Morogoro, Tanzania; cSchool of Biological Sciences, University of Western Australia, Crawley, Australia

ABSTRACT
Introduction: The consequences of climate change have been considerably high to small-
holders in most of Sub-Saharan Africa. These impacts have been more enormous to crop
production and other attached livelihoods. However, the comprehensive assessment of these
impacts has suffered numerous challenges because crop productivity is also susceptible to
other factors involved in the production process. This study aimed to understand how crop
yields are affected by climate change in the semiarid zone of Tanzania. The findings would
establish a thorough literature within smallholder adaptation in the area. Furthermore, they will
intensify strategies to cope with reduced yields attributed by climate-change impacts.
Outcomes: There has been a dramatic decrease in rainfall (R2 = 0.21) and increase in
temperature (R2 = 0.30). In addition, we found that rainfall and temperature variability had
positive (R2 ~ 0.5) and negative (R2 ~ 0.3) correlations with crop yields, respectively.
Discussion: The decline in yields at both local and national levels elevated the magnitude of
food shortage and poverty. The increasing climate impacts necessitate undertakings of
various studies to plan, design, recommend, and implement various useful adaptation mea-
sures, especially in the vulnerable communities.
Conclusion: To limit climate effects, we need to increase investments in adaptation and
mitigation measures.
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Introduction

In this era of climate change, it is worthwhile to assess
the effects of climate variability on agriculture and
environment in order to design proper adaptation and
mitigation measures that improve resilience (IPCC
2014; Serdeczny et al. 2017). The Intergovernmental
Panel on Climate Change (IPCC) has confirmed that
there is substantial evidence that themean and extremes
of climate variables have been changing in recent dec-
ades, and that rising atmospheric greenhouse gas con-
centrations could cause the trends of climate variables
to intensify in the coming decades (Intergovernmental
Panel on Climate Change 2014). Ahmed et al. (2011)
found that rainfall has significantly decreased in
Tanzania, especially in the recent years, and is further
expected to decrease by the mid of this century. In
addition, Challinor et al. (2007) warned of the increased
vulnerability of the rain-fed agriculture due to the chan-
ging climate. Under such situation, Lobell et al. (2008)
realized the importance of studying and proposing ways
of reducing the vulnerability among the rural commu-
nities in most developing countries, because their liveli-
hoods depend on rain-fed agriculture. Likewise, this
vulnerability has implications for agricultural

production and the ecosystems services as farmers
may degrade the environmental resources when trying
to cope with the associated challenge (Nyong, Francis,
and Osman-Elasha 2007; Speranza et al. 2009; Rao et al.
2011; Muller and Shackleton 2014).

To date, there is substantial literature examining the
effects of climate change on agriculture and ecosystems
in various developing countries. National Adaptation
Plan of Action (NAPA) and Tanzania’s National
Strategy for Growth and Reduction of Poverty identi-
fied droughts and floods as among the primary threats
to agricultural productivity and vulnerability to poverty
in the country (URT 2007, 2005). In addition, Paavola
(2008), Rowhani et al. (2011), and Msongaleli et al.
(2015) confirmed on the decreasing rainfall and insisted
that this scenario has significant implications for crop
yields. Furthermore, Lobell et al. (2008) and FAO
(2009) emphasized that rain-fed agriculture will be
more susceptible to any further intensification of cli-
mate change.

Similarly, Challinor et al. (2007) confirmed that
climate change and variability have significantly
affected food crops, especially cereals like maize,
rice, sorghum, and millet. In addition, Paavola
(2008), Mongi, Majule, and Lyimo (2010), Mkonda
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(2011), and Yanda (2015) affirmed that there is a
positive correlation between climate change and
crop yields under the rain-fed scenario. Rowhani
et al. (2011) specified that 20% increase in intra-
seasonal precipitation variability reduces agricultural
yields by 4.2%, 7.2%, and 7.6%, respectively, for
maize, sorghum, and rice, which are the major food
crops in Tanzania. Consequently, they projected that
by 2050 climate change and variability will affect crop
yields in Tanzania by 3.6%, 8.9%, and 28.6% for
maize, sorghum, and rice, respectively. Kangalawe
(2016) further asserted that the impacts of climate
change have significantly dried water sources such
as wetland, thus narrowing the threshold of commu-
nity livelihoods. Other scholars have warned of the
increased degradation and vulnerability of the eco-
systems due to increased incidences of droughts and
temperature (Paavola 2008; Muller and Shackleton
2014).

Although the science of assessing the impacts of
climate changes on agriculture (crop yields) and eco-
systems in various agroecological zones is progressing
rapidly, a variety of knowledge gaps still exist. Most
of these studies have paid little attention to the ana-
lyses of semiarid agroecological zones where most
peoples’ livelihood is considerably susceptible due to
insufficient yields and abject poverty; thus, the pre-
sent study aims to advance from where other studies
ended. Since the vulnerability posed by climate
change is progressing high, compelling adaptation
measures for either adjusting or healing the stress
are inevitably required to curb the situation. By
doing so, the livelihoods of over 80% smallholders
will be rescued (Mkonda and He 2017b). The study
will further enable planners and policy makers to
propose robust policies and sound tools with new
techniques of curbing the impacts of the increasingly
changing climate at both local and global scales,
which mostly affect smallholder farmers in develop-
ing countries, especially sub-Saharan Africa.

Essentially, this paper aims at establishing the cor-
relation between climate variability and that of crop
yields in the semiarid agroecological zone of Tanzania
(focusing on Kongwa District). Furthermore, it aims to
intensify the adaptation measures that would increase
crop production in the area. These objectives are
addressed through the following research questions:
a) what are the trends of rainfall and temperature in
the area? b) what is the production trend of the major
food crops in the area? c) is there any substantial
correlation between climate variables and crop yields?
d) what are the non-climate factors that seem to affect
crop yields? and e) what is the contribution of the
present study to smallholder adaptation in the area?
In this aspect, climate variables were rainfall and tem-
perature, while maize, sorghum, and millet were the
selected crops. We selected these crops because they

are staple food crops contributing to about 90% of the
food security in the area (URT 2014, 2013, 2007). The
current Agricultural Policy advocates the adoption of
adaptation strategies; however, it has not exhausted
solving the problems, and therefore, this study suggests
the best practices that can optimize yields, food secur-
ity, and socioeconomic welfare, especially in the face of
climate change.

Materials and methods

Profile of the study site

Kongwa District is among the semiarid districts of
Central Tanzania (Figure 1). The vegetation type of
most semiarid areas of the country (including the
study area) mainly comprises bush or/and thicket.
The total annual precipitation is 400–600 mm, with
the maximum rain between December and April, and
the mean annual temperature is 26°C. The soils in the
area are classified as Chromic Luvisols (FAO 1988),
with a sandy loam texture.

The silt contents of the soils at the different farms
were not significantly different (P > 0.05) and ranged
between 170 and 255 g kg–1 soil with a bulk density
between 1.25 and 1.65 mg/m3. The soils have neutral to
alkaline pH (potential of hydrogen) values and medium
levels of organic carbon, nitrogen, phosphorus, potas-
sium, and other micro soil elements (e.g., manganese).
It has moderately high cation exchange capacity (CEC)
and high base saturation (Solomon, Lehmann, & Zech
2000; Glaser, Lehmann, Führböter, Solomon & Zech
2001; Bationo, Kihara, Vanlauwe, Waswa & Kimetu
2006).

The potential evaporation (PE) in the area ranges
from 700 to 900 mm per year, while rainfall ranges
from 400 to 600 mm per year. This is why the ratio
between rainfall (precipitation) and PE is around 0.05–
0.65 (Intergovernmental Panel on Climate Change
2014). The P/PE is sometimes referred to as the aridity
index, where the total annual precipitation is divided
by PE (Zomer et al. 2008). The low P/PE value in this
semiarid area has significantly affected the agricultural
systems and the environment (Elliott et al. 2014).

Data collection

Our data were collected in the study area from June to
September 2016. Climate data (i.e., from 1980 to 2015)
were collected from the authentic meteorological sta-
tions in the study area and from Tanzania meteorolo-
gical Agency (TMA). For authenticity, the data from
the two sources were compared, and where contrast
arose, we calculated the mean of the varying aspects.
In the study area, we obtained the recorded data of
over 30 years, and where records were not found, we
used the data from TMA to fill the gaps. Practically,
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the data from several met stations were collected, and
finally the mean of these data was calculated to get one
set of data. Precipitation was measured in terms of
both the total annual rainfall and the monthly rainfall
during the growing season (i.e., January, February, and
March). Nevertheless, when comparing with crop
yields, we used the total annual rainfall (1980–2015)
versus the yields. As reference, we would append the
temporal rain data for readers.

Most qualitative data were obtained through
Participatory Rural Appraisal method (PRA) and
group discussion. Some of these data included the
approximate date of onset, cessation of rains, and
the approximate crop yields obtained per year. All
these were enquired from every household head. On
the other hand, crop data were first measured based
on the data collected by the District Agricultural and
Livestock Officers (DALDO) and the Ministry of
Agriculture. Similarly, we collected crop data from
individual households to estimate the yields quan-
tity. From that, we treated all data equally by esti-
mating their mean that would serve when
comparing with climate data. Additionally, we inter-
viewed some agricultural experts in the area to
understand the overall implications of the same
(i.e., climate impacts on crop yields).

Geographical proximity between the met stations
and the sampled villages was observed. We sampled
the villages that were located within 10 km from the
met stations. A total of 400 questionnaires were col-
lected from household heads of smallholders (farmer/
livestock households) as seen in Appendix A. The
questionnaires involved both closed and open ques-
tions (see Table 1). We sampled about 10% of the
total households in each community (Table 1), which
has also been mentioned by Saunders (2011). The
household lists were obtained from village govern-
ment leaders in the study area.

We also used PRA to collect socioeconomic data in
the area. PRAs include informative interviews, group
discussion, and physical observation. The PRA method
has been used in various studies to explore perceptions
of rural communities on environmental issues that
affect their lives (Cramb, Purcell, and Ho 2004;
Brown 2006; Humphrey and Kimberly 2007). In the
present study, PRA was used to acquire data on cli-
mate, yields, and environmental changes.

One group discussion comprising 15 people was
organized in each village (Table 1). We also con-
ducted a total of 20 interviews with agricultural
experts, farmers, livestock keepers, and village gov-
ernment leaders (see Table 1). In this category, we

Figure 1. Location and sampling positions of the selected villages in Kongwa District. The study sites are also denoted with
latitude and longitude degrees.
Source: IRA GIS Lab, UDSM: 2016
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used a checklist of questions recapping the main
theme of the study (see Appendix A). Finally, scien-
tific works such as books, journal papers, government
reports, and academic dissertations, just to mention a
few, were sources of secondary data, especially during
the establishment and development of the study.

Data analyses

The yields data collected from the Ministry of
Agriculture and from the study area (i.e., from
respondents) were parameterized, compared, and
averaged to acquire a reliable and representative
data package. We analyzed the yields data and the
trend of rainfall and temperature, focusing on
their mean annual variability using the Mann–
Kendall Test (at 95% level of confidence) and
Microsoft excel (window 13) (Stern, Dennett, and
Dale 1982). The qualitative data from the house-
hold surveys were analyzed using theme content
methods.

Pearson’s Moment correlation coefficient and
regression analyses were used to compare the
trends of rainfall and temperature variability ver-
sus crop yields and extrapolate the future correla-
tions (McCullagh 1974). P-values less than 0.05
were supposed to be statistically significant
(P < 0.05). In addition, a conceptual framework
(Figure 6) was constructed to portray the correla-
tion among the salient aspects of the study (see
the results section).

Results

The majority of respondents agreed that climate
variability is a true phenomenon and has been

affecting their livelihoods significantly. Table 2 pre-
sents the demographic characteristics of the house-
hold heads. Most of them were male farmers
(62.8%) (female 37.3%) with different years of
farming experiences. Length of farming experience
ranged between 10 and 40 years. The demographic
characteristics were further used in correlation ana-
lysis to test the relationship between farmers’
understanding of climate and their experiences.

Furthermore, farmers’ experience mostly
involved their age and the years spent involved in
agriculture. The results in this aspect determined
the number of years the farmer has intensively or
fully engaged in agriculture. Thus, the best results
in farmers’ experience were obtained following the
actual quantification of the farmers’ age and the
total years they have engaged in agriculture. The
results from PRAs presented in Table 3 indicate
that 93.8% old people (>74 years) were sure that
climate variables have been varying/changing, com-
pared to 90.4% of 54–73-year-olds, 89.4% of 34–53-
year-olds, and 80.5% of 18–33-year-olds.

There were positive correlations between the num-
ber of years spent in agriculture and the experience

Table 1. Summary of questionnaire administration and PRA
tools in the selected villages.

Mnyakongo Ugogoni

Questionnaires (N = 400)
Total HH
(2050)

Total HH
(2080)

Number of households interviewed 200 200
Crop farmers (%) 70 80
Livestock farmers (%) 10 10
Both crop and livestock farmers (%) 20 10

Focus group discussion (N = 30)
Number of people participating in group
discussion

15 15

Crop farmers 15 10
Livestock farmers 0 2
Both crop and livestock farmers 3 3

Interview (N = 20)
Number of people participating in
informative interviews

10 10

Crop farmers 8 9
Livestock farmers 0 0
Both crop and livestock farmers 2 1

PRAs: Participatory Rural Appraisal.
HH: Household heads.
N: Number of observations.
Source: Field Data Survey, 2016.

Table 2. Summary of demographic and farming characteris-
tics of respondents in the two villages.
Variables Percentage

Age
i. 18–33 7.2
ii. 34–53 25.5
iii. 54–73 60.5
iv. >73 6.8

Sex of the Household Head
i. Male 62.8
ii. Female 37.2

Marital Status
i. Married 90.3
ii. Single 7.7
iii. Divorced/Separated 2.0

Level of Education
i. Primary 72.3
ii. Secondary 20.2
iii. Post-secondary certificates 4.1
iv. University 3.4

Experience in farming
i. 10–19 40.2
ii. 20–39 55.3
iii. ≥40 4.5

Agricultural practices
i. Crop production 60.5
ii. Livestock keeping 10.2
iii. Mixed farming (i.e., crop and livestock) 29.3

N 400

Source: Field Data Survey, 2016.

Table 3. Response (based on age) to the question “Have you
noticed climate change.”
Age range Yes No Not sure Total

18–33 80.5 7.2 12.3 100
34–53 89.4 5.4 5.2 100
54–73 90.4 3.2 6.4 100
≥74 93.8 0 6.2 100

Source: Field Data Survey, 2016.
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(P < 0.05). Thus, it was discerned that the older the
farmers, the more the experience accumulated.

Climate variability

The total annual rainfall and mean annual tempera-
ture patterns from 1980 to 2015 experienced dramatic
changes. The former decreased at R2 = 0.21, while the
latter increased at 0.30 (Figure 2). These climate
trajectories increased the vulnerability of agricultural
systems. The temporal variability of rainfall pattern
affected the onset and cessation, intensity, frequency,
and amount of rains. The changes of onset dates have
had significant impacts on the farming calendar for
most farmers in the study area, while intensity,
amount, and frequency affected the whole process
of agricultural production (Mkonda and He 2017a).

The results from Figure 2 provide a general explora-
tion of the trend of rainfall in the study area based on
the annual amount. It displays a wider context on long-
term variability that explores the general situation on
the ground (Challinor et al. 2014; Mkonda 2011). About
70% of the respondents also reported that rainfall and
temperature have been decreasing and increasing,
respectively. Table 4 reveals that the farmers were asser-
tive that rainfall has been decreasing (70%), fluctuating
(25%), and increasing (5%), while temperature has been

increasing (65%), fluctuating (25%), and decreasing
(10%). Overall, these results indicate that there has
been a scenario of decreasing rainfall and increasing
temperature in the area.

Crop production

There were significant variations in crop yields
among maize, sorghum, and millet in the study area
(P < 0.05). Maize had high yields (in tons per hectare)
compared to sorghum and millet (Figure 3).
However, in all crops, there was significant yields
fluctuation. On average, about all crops experienced
optimal yields from 1980 to 1980, while meager yields
were observed from 1997 to 2000 and from 2011 to
2015 (Figure 3).

Impacts of climate variability on agricultural
production, i.e., crop yields

Rainfall
The results from analyses show that there was a
strong relationship between rainfall and crop yields
in the area (P < 0.05). The significant correlation
between rainfall and yields is shown in Figure 4.

For example, rainfall had a positive correlation
with maize (Zea mays L.), sorghum, and millet at

y = -6.0234x + 12624
R² = 0.21; n =36; ** 0.05
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Source: Field Survey Data, 2016
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R2 = 0.53, 0.39, and 0.48, respectively (see Figure 4).
Consequently, the result in Table 5 indicates that the
decrease in rainfall has been affecting the yields of
maize, millet, and sorghum at 90%, 65%, and 45%,
respectively. Furthermore, the results from informa-
tive interviews, discussions, and physical observations
had similar findings. In the present study, the posed
effects ranged from slight, moderate, severe, to very

severe. Maize and sorghum were the most and least
vulnerable to rainfall variability, respectively.

Since maize is a major cereal staple food crop for
more than 70% of Tanzanian communities, its failure
had repercussions on the whole country (United
Republic of Tanzania 2014; 2013). Studies by
Challinor et al. (2014), Ahmed et al. (2011),
Schelenker and Lobell (2010), Lobell et al. (2008),

Table 4. Farmers’ response (in percent) on climate change (i.e., closed questions).
Rainfall Temperature

Village Increasing Decreasing Fluctuating Increasing Decreasing Fluctuating

Mnyakongo 5 65 30 70 5 25
Ugogoni 5 70 25 65 8 27

Source: Field Data Survey, 2016.
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and Challinor et al. (2007), just to mention a few, had
similar observations, as they found that the yields for
major staple cereal food crops like maize, sorghum,
and millet have been affected by climate impacts and
will continue to be affected.

Temperature
Despite temperature being a useful abiotic factor in
crop production, its excess has negative impacts on
crop productivity. In this study, there was a nega-
tive relationship between temperature alterations
and crop yields in the area (P < 0.05). Both
Pearson’s moment correlation coefficient and
regression analysis showed that type of correlation
between these variables. For years that encountered
high temperature, there were meager yields and
vice versa (Figure 5).

For instance, temperature had a negative corre-
lation with maize (Zea mays L.), sorghum, and
millet at R2 = 0.36, 0.30, and 0.33, respectively
(see Figure 5). However, maize and sorghum
were the most and least vulnerable to temperature
alterations, respectively. Maize production was
impacted by extreme temperature, which resulted
in meager yields and eventually caused frequent
food shortage for about 70% of the people. These
results were also supported by the respondents in

the study area (Table 5). The findings from infor-
mative interviews, discussions, and physical obser-
vations also supported the same. Besides, these
results were in agreement with the studies by
Rowhani et al. (2011), Challinor et al. (2014),
Mkonda (2011), and Mkonda and He (2017b),
which were conducted in diverse agroecological
zones of Tanzania.

Various projections (e.g., from CMIP5 GCMs)
have indicated that over the Tanzanian context,
there will be a decrease in rainfall by the end of the
21st century despite the occurrences of some
extremes. This will have substantial impacts on crop
production through excessive droughts in most areas
and floods in fewer lowland areas. Therefore, the
direction of yields change in the study area depends
on the state of current climatic condition, physiology
of the crop, and soil management of the area (Lobell
et al. 2008; Challinor et al. 2014).

Discussion

Although the study has used Tanzania as a case study,
its findings are applicable in many countries of sub-
Saharan Africa where semiarid and tropical climates
are predominant (Hertel, Burke, and Lobell 2010;
Elliott et al. 2014; Serdeczny et al. 2017). This study
has largely established the relationship among climate
variability, i.e., rainfall and temperature, crop yields,
and the environment (see Figures 2–5). The differ-
ences of rainfall and temperature variability have also
been confirmed by this study. It has been revealed
that the total annual rainfall and mean annual tem-
perature were decreasing and increasing, respectively

Table 5. Impacts of climate change (in percent) on specific
crop yields.
Crop Mnyakongo (N = 200) Ugogoni (N = 200)

Maize 90 (Very severe) 85 (Very severe)
Millet 60 (Severe) 65 (Severe)
Sorghum 50 (Moderate) 40 (Slight)

Source: Field Data Survey, 2016.

Maize: y = -0.4167x + 13.697
R² = 0.36

Sorghum: y = -0.2842x + 9.4895
R² = 0.30

Millet: y = -0.2988x + 9.8283
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(Figure 2). This variation had impacts on agricultural
production (Table 5) and the environment (Figures
2–5).

These results have complied with those estab-
lished in different models at both local and global
levels. For example, the rainfall projection from
CMIP5 GCMs over the Tanzanian context sug-
gests a decrease in rainfall by the end of the
21st century despite the occurrences of extremes
(droughts and floods). These models further
reveal that the whole east African region will
experience more drought incidences than flood.
In addition, the findings of the present study are
in agreement with those by Mongi, Majule, and
Lyimo (2010), Rowhani et al. (2011), Challinor
et al. (2014), and Muller and Shackleton (2014),
just to mention a few. In all means, these inci-
dences have adverse impacts on agriculture and
the ecosystems of the locality, thus upsetting the
sustainability of the peoples’ livelihoods (Mkonda,
He, and Festin 2018).

On the other hand, the agriculture sector, in
which over 70% of the people in Tanzania are
engaged, has been giving diminishing returns, espe-
cially in the past three decades. This decline has
been incremented by a number of factors, but
mostly being excessive droughts and increase in
temperature (Hertel, Burke, and Lobell 2010). For
example, the yields of maize, sorghum, and crops
from 1980 to 2015 in tons per hectare fluctuated
significantly (Figure 3). The impacts of climate
change, including prolonged number of dry days,
also have had adverse effects on this agricultural
turbulence. The optimal shift of rains onset and
Cessation, the reduced number of wet days, and
the shrinking of the growing season have all
affected the farming calendar in the area.
Previously, rain onset occurred in December,
while cessation was in April; thus, it was clear to
the farmers about when they could start their farm-
ing operation.

Similarly, various models have shown that an
increase of 2°C in temperature during the growing
seasons (1992–2005) reduced maize and sorghum
yields by 18.6 ± 5.2% and 12.6 ± 5.3%, respectively,
while an increase of 20 mm in average monthly
precipitation during that time increased yields by
6.7 ± 1.7% and 5.7 ± 1.7%, respectively (Rowhani
et al. 2011). Similarly, Figure 2(b) shows that the
increase in temperature influenced the decrease of
crop yields. The scenario of increased temperature
mostly impacted maize than millet and sorghum
(Figure 4). It is also evident that maize, which is
a major staple food in the country, has a high
sensitivity to temperature above 30°C (Luo 2011).
Lobell et al. (2008) concluded that each day of the
growing season with such amount of temperature

reduces yields by 1% compared to optimal,
drought-free, and rain-fed conditions. In this
aspect, maize was the most vulnerable to rainfall
variability, while sorghum was the least vulnerable.

Since maize is the most preferred food for over
70% Tanzanians, its yield decline has significant
repercussions on the livelihoods of the majority of
people (United Republic of Tanzania 2014). In years
with worst yields, farmers became more vulnerable,
destitute, and sorrowful (Mkonda, He, and Festin
2018). Despite the fact that the area has already
been experiencing temperatures above the optimal
range, it is projected to increase in future
(Mwandosya, Nyenzi, and Luhanga 1998).
Therefore, compelling adaptation measures need to
be adopted to curb this trend and elevate the living
standards.

Temperature alterations further increased evapo-
transpiration, thus affecting crop production and
increasing farmers’ vulnerability. This observation
is in agreement with the study by Rowhani et al.
(2011), who argued that the adaptive capacity of
vulnerable smallholder farmers is significantly wea-
kened by increased stress due to climate-change
impacts. On the other hand, Sen (1986) found
that vulnerability increases among the poor people
due to lack of resource endowments and entitle-
ment failure. By comparing the wealthy and desti-
tute, the author found that the former had
compelling resilience than the latter. Thus, most
smallholder farmers in Tanzania’s semiarid agroe-
cological zone are destitute and thus are easily
affected by any challenging conditions posed by
any environmental stress.

Despite plotting the total annual rainfall and
temperature, the intra-rainfall variability had sig-
nificant impacts on crop production during the
growing seasons. In that area, January is a planting
month, but it has been experiencing high rainfall
variability in terms of intensity, frequency, and
amount. This variation has implications on the
production process of the crops. In years when
the month received optimal rains, the yields were
significantly high and vice versa (Mkonda and He
2017a). For example, in 1985, 1990, 2002, 2008, and
2014, there was somewhat high total annual rainfall
and crop yields (Figures 2(a) and 3). In contrast, in
1988, 1995, 2005, and 2014, there were low total
monthly rainfall and less yields. Thus, in years with
low rainfall, vulnerability among smallholder farm-
ers increased significantly.

In most scenarios, February was the driest
month in the growing season compared to
January and March (Mkonda and He 2017a). This
was evidenced by the result from meteorological
analyses and responses from farmers in the study
area. The month experienced low total rainfall and
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wet spells (see Figure 2(a)). Besides, about 80% of
the farmers agreed that February had low rains and
the fewest wet spells. However, better yields were
also reported when February had optimal rainfall
and increased number of wet days. For example, in
1982, 1990, 2005, and 2012, there were high rainfall
and crop yields, while in 1985, 1988, 2001, and
2010, as seen in Figure 3. Low yields elevated
food shortage, resulting in further vulnerability to
the destitute farmers. March saw optimal rains in
terms of both total and wet spells. During March,
most crops are always at the ripe stage; thus, the
month of March greatly determines crop yields.

In addition, the farmers agreed that, in success-
ful years, during March the early-maturing maize
varieties, i.e., Stuka, Staha, and Tan 250, and sor-
ghum varieties, i.e., Macia, are almost at the com-
pleted stage of ripeness. These breeds are early
maturing, give high yields, and are tolerant to
drought and nitrogen deficiency. However, the gen-
eral trend showed that for the past 36 years, March
has experienced climatic turbulence and thus was
not giving the best in terms of both frequency and
intensity of rains.

By doing so, it has significantly affected crop yields
(P < 0.05). Fortunately, in some few years when rain-
fall was at its best, there were optimal yields. For
example, in 1981, 1988, 1993, and 2012, March had
high total rainfall and numerous wet days, and con-
currently increased maize, sorghum, and millet yields
(Figures 2(a) and 3). This was in contrast to 1985,
1990, 2000, 2010, and 2014, for example, when both
rains and yields were low (Figures 2(a) and 3).

Recently, in 2015, the level of household self-
sufficient ratio in the area was found to be around
70%, making the magnitude of food insecurity in
the area to be around 30% (URT 2005; 2007;
Mkonda and He 2017b). In some areas, this deficit
accrued to 50% depending on the level of liveli-
hoods vulnerability. This percent (50%) implies
that if livelihood options are not well established,
the situation could lead to serious problems, i.e.,
hunger, famine, diseases, and death, just to men-
tion a few. Since frequent food shortages have been
reoccurring since the last three decades, this justi-
fies that no compelling measures have been taken
to fully address the disturbing crisis. This study
calls for compelling mechanisms to optimize crop
yields aimed at curbing the above-mentioned
challenges.

Likewise, various studies have also been carried
out on the impacts of climate change on livestock
production (United Republic of Tanzania 2007).
Thornton et al. (2011) confirmed that despite live-
stock being a source of income, or insurance, in
many countries (especially Tanzania), its produc-
tion has been significantly affected by climate

change. This happens because most pastoral sys-
tems of the arid and semiarid lands of Tanzania
and other sub-Saharan countries are highly depen-
dent on the limited natural resources, especially
pasture, fodder, forest products, and water. These
resources are limited because they are also directly
affected by climate variability (Morton 2012). In
the study area and in other parts of central and
northern Tanzania, i.e., especially Singida, Dodoma,
Arusha, and Manyara regions, there have been
increased incidences of animal deaths due to exces-
sive droughts. This has increased the level of vul-
nerability and poverty among the people.

Apart from affecting crop yields, the impacts of
climate change, especially droughts, amplify the
degradation of soil fertility and other soil micro-
organisms. The projected warming in east African
countries can have significant impacts on the same.
In terms of environment, the increase in tempera-
ture can affect the plant pathogens. In most cases,
high temperature and excessive drought can affect
microorganisms, e.g., mycorrhiza. Figure 6 depicts
the relationship among climate, yields, and ecosys-
tems, where important aspects like soil manage-
ment, crop production, photosynthesis, soil
respiration, and carbon emission/sequestration
have been covered.

Figure 6 illustrates the existing interrelationship
among climate, agricultural production, and ecosystems.

Among other things, the major entities of the
ecosystems include but not are limited to soils,
water, vegetation, microorganisms, and animals
(Luo 2011). In a wider perspective, the develop-
ment of good ecosystems needs to have a
balanced mutual relationship among the members
of a particular ecosystem. Many of the areas that
are classified as semiarid in Tanzania have been
adversely affected by prolonged droughts thus far,
and most of the important aspects of various
ecosystems are not properly functioning
(Serdeczny et al. 2017).

It also appeared that most water sources have
dried out due to excessive drought. Various vegeta-
tion species such as miombo woodlands have almost
disappeared, leaving the cactus because they are
drought resistant. As a result, most of the carbon
that was stored in the plant biomass before degra-
dation was offset in the atmosphere (Zomer et al.
2008), as depicted in Figure 5. To curb this, soil
organic management can be recommended to opti-
mize the functions of microbial activity and soil
mineralization. This can optimize the formation of
organic matter, soil fertility, and soil carbon
accumulation.

The findings of this study are in agreement with
those from other studies like Paavola (2008) and
Mwandosya, Nyenzi, and Luhanga (1998), who
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stated that the overall climate variability has
impacts on agro-ecosystems. Mwandosya, Nyenzi,
and Luhanga (1998) further predicted that the
expected increase in temperature by 2°C and 4°C
by 2050 and 2100, respectively, will aggravate the
situation. They warned that further exacerbation of
the ecosystems will incapacitate them from provid-
ing environmental services, especially soil fertility
and water for both agricultural production and
livelihoods.

Soil organic management, i.e., conservation
agriculture, irrigation, and good agricultural prac-
tices, is significant for crop production as it forms
a complex web of agricultural systems. However,
under rain-fed agriculture, improved soil manage-
ment alone may not bring the expected crop
yields, but a combination of diverse farming
approaches can achieve this. This is because cli-
mate-change also affects water sources, forestry,
and a wide range of biotic ecosystems in diverse
locations.

In most cases, it has been discerned that the
affected ecosystems, i.e., dried water sources, can-
not further help in the livelihoods of the people
(Kangalawe 2016). To underpin climate resilience,
there is a need to improve the existing adaptation
and mitigation measures (Table 6). These include
good agronomic practices, organic fertilizations,
conservation agriculture, small-scale irrigation,
and adoption of drought-tolerant breeds. This
will optimize yields, carbon sequestration, and

environmental conservation, all of which are
important for sustaining peoples’ livelihoods.

Influence of non-climatic factors

Despite the significant influence of rainfall and tem-
perature on maize, sorghum, and millet production,
the influence of non-climatic factors such as soil man-
agement, agronomic practices, labor, and capital could
not be underrated. Among these, soil fertility was
degraded by continuous cultivation without fertiliza-
tion. This situation affected other biological functions
of the soils. Thus, poor soil fertility brought about poor
yields and environmental services. However, these fac-
tors accounted for less than 50% of the total impacts on

Table 6. Existing adaptation and mitigation measures in the
study area.

Adaptation activities
Mnyakongo
(N = 200)

Ugogoni
(N = 200)

Total
(N = 400) CYC

Early planting 72% 54% 63.0% 60%
Adopting resistant
crop cultivars

55% 50% 52.5% 50%

Mulching 35% 43% 39.0% 45%
Agroforestry 23% 25% 24.0% 20%
Crop rotation 35% 30% 32.5% 30%
Small-scale irrigation 10% 8% 9.0% 5%
Fallowing 42% 48% 45.0% 40%
Afforestation 20% 15% 17.5% 15%
Transformative
adaptation

21% 23% 22.0% 20%

Conservation of
water sources

25% 20% 22.5% 25%

CYC: Contribution to crop yields.
Source: Modified from Mkonda and He (2017a).

Carbon emission &                                                    
Sequestration                                                        Decomposition by Rainfall & Temp.

Soil respiration 

Mineralization                                             Crops residue

Absorption of nutrients

Climate

Soil management

Increased soil fertility

Plant growth, Photosynthesis,
Harvest etc.

Improved ecosystems i.e. 
supporting crops yields and 
food security. The crop 
straws are also used for soil 
management

Figure 6. Relationship among climate, crops yields, and ecosystems.
Source: Created by the authors, 2017
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the area. Therefore, climate change had significant
impacts compared to non-climate factors.

Community adaptation strategies

The results in Table 6 indicate that early planting and
small-scale irrigation were the most (63%) and least
(9%) used adaptation measures in the area, respec-
tively. In general, the farmers in the sampled villages
(i.e., Mnyakongo and Ugogoni) have been applying
both incremental and transformative adaptation stra-
tegies (Mkonda and He 2017a). Incremental adapta-
tion involves the improvement of the existing
strategies such as the use of more drought-resistant
crops, while transformative adaptation involves the
complete change of strategies (Mkonda and He
2017b). Here, farmers completely shift from agricul-
ture to other economic activities, such as business,
employment, and so on.

On other hand, the timing of farm operation
received high attention in both villages. More than
60% of the farmers confirmed that they have been
starting farm operation in November instead of
December. This is done regardless of the availability
of rains. Moreover, about 50% of these farmers
adopt resistant cultivars as a way of addressing the
situation (i.e., climate impacts). For instance, they
had adopted maize cultivars like TMV-1, Staha, Tan
250, Kilima, and STUKA M1, which are drought
resistant and can mature within two to three
months. Furthermore, about 45% and 40% of the
farmers adopted fallowing and mulching, respec-
tively, as their adaptation strategy. On the other
hand, early planting, adopting resistant crop culti-
vars, and mulching had significant contributions to
crop yields (Table 6).

We realized that there were very few irrigation
schemes/rivers in the area (Figure 1). For example,
Mseta River had an irrigation scheme that at least serves
the livelihood of a few people who live around it. The
farmers efficiently use water for irrigation under the
auspices of Irrigators Organization (formerly water
user association). These adaptation measures can be
up-scaled or intensified to form an adaptation plan
that can be recognized/introduced in the policy.
Althoughmost of the adaptations are meant to improve
agricultural production, they are also conserving the
environment, especially soil fertility (Hertel, Burke,
and Lobell 2010). For example, organic fertilization
can optimize yields and create favorable condition for
microbial development and functioning.

Therefore, this study has confirmed that the varia-
bility of the intensity, onset, and cessation of rains
has posed significant negative impacts to both agri-
culture and livelihoods at large. To reduce the vulner-
ability of climate-change impacts, all stakeholders
have to play their role at its best. Moreover, for

smallholder farmers to achieve their expected yields,
they should adhere to proper adaptation strategies
that are relevant to their locality.

Conclusion

Although climate is changing, it’s realistic especially
on the magnitude of change and impacts to agricul-
ture and ecosystems is not yet well established across
the whole country. This study found that there were
temporal climate changes and variabilities in the
study area (semiarid agroecological zone). This was
evidenced by the results from both meteorological
and farmers’ perceptions analyses. Furthermore,
these results confirmed that local communities, espe-
cially old people, had significant awareness on the
same. At the local level, rainfall variability had been
the major concern for both farmers and other climate
practitioners. In this respect, rainfall varied in terms
of amount, occurrences, and intensity. On the other
hand, there was a significant relationship between
climate variability and crop yields (P < 0.05). This
was confirmed in the study area as the increase in
rainfall influenced optimal yields and vice versa.
However, this was contrary to temperature, which
increased with the decrease in crop yields and vice
versa.

Despite maize being the preferred crop, it was the
most vulnerable to climate alterations compared to
sorghum and millet (Figures 3 and 4). Thus, the
decline of maize yields had significant repercussions
on the status of food security in the area and at the
national level. In addition, the diminishing yields
increased land conflict, poverty, and degradation.
These happened as people were seeking out other
alternative livelihoods. Thus, the changing climate
affected the entire livelihood of the destitute commu-
nities, who entirely depend on rain-fed agriculture.

To address this problem, a robust policy and
sound tools associated with raising climate resilience
need to be in place. Furthermore, a set of compelling
adaptation plans and measures needs to be adopted
by farmers corresponding to the biophysical charac-
teristics. This will optimize crop yields to curb fre-
quent food shortage and abject poverty. Since the
science of climate impacts is dynamic, we call for
more studies to detail the information on climate-
change and adaptation in various agroecological
zones of the country and other areas at the global
level. We need to think globally but act locally.
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Appendix A. Research Instruments for the
Household Survey

Appendix I. Farmers Questionnaire

(1) Demographic and Socio-economic Characteristics of Respondents

General Information

(2) How do you perceive climate change and variability through?
(Tick as appropriate)

(3) What has been the trend of rainfall for the past 30 years to date
according to your memory? (Please tick as appropriate)
(A) Increasing
(B) Decreasing
(C) Fluctuating
(D) No change
(E) Don’t know

(4) What has been the trend of temperature for the past 20 years to
date according to your memory? (Please tick the appropriate
answer)
(A) Increasing
(B) Decreasing
(C) Fluctuating
(D) No change
(E) Don’t know

(5) In your view, how do you perceive the following:
(A) Rainfall and its variability
(B) Temperature and its variability

(6) Information on existing adaptation strategies and the reasons
for doing so.

6.1. Please tick in the appropriate box matching and give
the reasons for those farming practices as indicated

6.2. Please distinguish by listing between the old and new
adaptation strategies as indicated hereunder

6.3. What do you think you can do in the future to be able
to adapt to the changes if they persist?

Appendix II.

Research Instrument for group discussions with farmers
and informative interviews

(1) What are your comments on the local climate
a. Give your view on the local climate situation for the past

30 years
b. Are there any changes, in so far what are the extremes in

terms of high/low ones
c. What do you think are the major reasons for those changes (if

any)?
d. What is you anticipation on the future state of the climate?

Increase or decrease?
(2) Key changes in the farming practices and their sustainability

a. Are there any changes in crops cultivars, soil management
techniques, water harvesting, storage, etc.

b. How about the timing of the farm practices, e.g., early planting
c. Is there any sustainable livelihood option, e.g., income sources

(3) Motivating factors for changes in the farming practices and
adoption of alternative livelihoods options
a. Climatic conditions
b. Economic factors
c. Policy changes
d. Social
e. Any other

(4) Socioeconomic implications of the changes in the local climate

Identification of the effects of the changes, e.g.,
Food production and social security
Financial situation
Water availability
Conflicts over resources base
Health status of the vulnerable people

Household conflicts if associated with the impacts of
climate change, etc.
(5) Policy and strategic interventions for enhanced capacity to

adapt to climate change impacts and strengthening long-
term resilience

Zone Region District Village Age Sex Marital
status

Education
level

Code Perceptions Tick

A Change in total amount of rainfall during main rain
season

B Increasing rainfall in amount during main rain season
C Decreasing rainfall in amount during main rain seasons
D Shift in the timing of the onset of rain in the main season
E Rain starting later than normal
F Rain starting earlier than normal
G Short rains than normal
H Long rains than normal
I Planting date change applying to most crops
J Temperature of the area decreasing
K Temperature of the area increasing
L Rainfall increasing
M Rainfall decreasing
N Rainfall fluctuating
O Increase in recurrences of floods
P Decrease in recurrence of floods
Q Increase in intensity of floods
R Increase in recurrence of droughts
S Increase in intensity of droughts

Adaptation Strategies Tick where appropriate Reasons

Adopted higher yielding
crop varieties

Introduce new crop varieties
Adopted shorter cycle
crop varieties

Stop cultivating some
crop varieties

Agroforestry
Timing of farm operations
Practicing crop rotation
Crop rotations

Code
Old adaptation

strategies
New adaptation strategies (within

30 years)

i
ii
iii
iv
v
vi

Code Future adaptation options Tick

A Abandon agriculture at the expense of other economic
activities

B Abandon the current farms and move to wetter areas like
river banks

C Emigrate from your village to other areas with better
conditions

D Continue changing agricultural practices in line with the
changes in the local climate

E Ask for food aid
F Ask for government support like introduction of new and

modern adaptation options
G Seek to obtain more information, knowledge and

education on adaptation to climate change
H Promote irrigation using underground water
I Promote conservation practices further
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