American Journal of Climate Change, 2014, 3, 212-222 .0:0 Scientific
Published Online June 2014 in SciRes. http://www.scirp.org/journal/ajcc 00:0 Research
http://dx.doi.org/10.4236/ajcc.2014.32020

Analysis of Climate Variability, Perceptions
and Coping Strategies of Tanzanian Coastal
Forest Dependent Communities

J. J. Kashaigilit*, P. Leviraz?, E. Liwenga3, M. V. Mdemu+*

1Faculty of Forestry and Nature Conservation, Sokoine University of Agriculture, Morogoro, Tanzania
*Tanzania Meteorological Agency, Dar es Salaam, Tanzania

*|nstitute of Resource Assessment (IRA), University of Dar es Salaam, Dar es Salaam, Tanzania
*School of Urban and Regional Planning, Ardhi University, Dar es Salaam, Tanzania

Email: ‘jkashaigili@gmail.com

Received 16 January 2014; revised 12 February 2014; accepted 7 March 2014

Copyright © 2014 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Climate variability and change are among the biggest challenges of the 21st century. Like in many
other areas globally, the coastal communities of Tanzania have always been facing climatic varia-
bility at various time scales. Using focus group discussion and a household survey, this study ana-
lyzes the perceptions of climate variability and change and the strategies for coping and adapta-
tion by the selected coastal rural and peri-urban communities in Tanzania. The perception of cli-
mate variability and change is complemented with the time-series analysis of rainfall and tem-
perature data from Julius Nyerere International Airport Met. station and Kisarawe using Instant
Statistical Software. Results indicate that households are aware of climate variability and identify
indicators of climate change and variability as being decreasing rainfall trends, increasing inci-
dences of droughts, unpredictable rainfall patterns, disappearance of wetlands and failure to pre-
dict on-set of rainy season using traditional knowledge. Households primarily attribute reduced
crop yields to changes in rainfall pattern and increasing incidences of drought leading to soil
moisture stress. The implications are that the agriculture dependent households are now food in-
secure. As a way of coping to the observed changes, the coastal communities among others have
shifted to production of high value horticultural crops and use of forest resources. Nevertheless,
the increased use of forest resources is threatening the existence of coastal forests and contri-
butes to the decline of forest resources and disappearance of wildlife in the forest reserves. It is
concluded that the communities studied are aware of climate issues as revealed from perceived
indicators of climate variability and changes. The results from statistical analysis of 30 years cli-
matic data are consistent with community’s perception of climate variability and change. The
study recommends examining the present coping strategies for the sustainability of the coastal
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forests and in designing of alternative adaptive strategies such as alternative energy options, crop
diversification and environmental friendly activities such as beekeeping.
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1. Introduction

Climate change is cited as a complex and interdependent environmental challenge facing the world today [1] [2].
African countries including Tanzania are likely among the most world vulnerable to the impacts of climate
change due to lack of inadequate adaptation capacities, economic development, and institutional capacity [3].
According to Hugq et al. [4], climate change in sub-Saharan Africa may lead to decreased precipitation in semi-
arid to arid parts of Africa, hence leading to vulnerability and food insecurity to most of the communities. Cli-
mate change impacts have the potential to undermine and even, undo progress made in improving the socio-
economic well-being of communities. The negative impacts associated with climate change are also com-
pounded by many factors, including widespread poverty, human diseases, and high population density, which is
estimated to double the demand for food, water, and livestock forage within the next 30 years [3]. Climate
change is expected to influence crop and livestock production, hydrologic balances, input supplies and other
components of agricultural systems [3]. However, the nature of these biophysical effects and the human res-
ponses to them are complex and uncertain [5].

Global climate changes are expected to affect coastal communities around the world, many of which are al-
ready considered vulnerable to ongoing climatic variability [3]. The coastal zone of East Africa, including
coastal parts of Tanzania such as Dar es Salaam and Coast region are not spared from the impact of climate
change. While the impacts of climate change have been more evident [3], there is limited understanding on the
extent of the perceptions, vulnerability and adaptive capacities of different communities such as in the coastal
areas. This paper contributes to addressing these gaps based on experiences from the coastal communities. In
this regard, this paper discusses local communities’ perception with regard to climate variability and change
based on experiences from coastal communities and complemented with the time-series analysis of rainfall and
temperature from two metrological stations within the study area.

2. Materials and Methods
2.1. Description of the Study Area

The study area transcends across the administrative boundaries of Dar se Salaam and Coast Regions. It lies be-
tween longitudes 38.7°E and 39°E and latitudes 6.5°S to 7.08°S. Settlements abutting the two forest reserves in-
clude the agglomeration at Pugu Kajiungeni that comprise the settlements of Pugu Kajiungeni, Mwakanga, Ma-
johe, Buyuni and another agglomeration at Chanika. These two major settlement agglomerations are located
within Dar es Salaam Region. On the part of Pwani Region, the settlements considered were Kisarawe town, and
a series of settlements along Kazimzumbwi road that includes the villages of Vigama, Kazimzumbwi, Kisanga,
Sungwi, Masaki and Gumba. At the centre of this area, are the two forest reserves of Kazimzumbwi and Pugu
covering 53.77 and 24.19 square Kilometers respectively (Figure 1).

Topographically, the area rises from 80 m from east to about 750 m above mean sea level towards the south-
ern slopes in Kisarawe, east of Sungwi Village that marks the southern border between llala and Kisarawe dis-
tricts located at Dar es Salaam and Coast Regions respectively. In terms of accessibility, the Dar es Salaam-
Manero-Mango road that passes through Kisarawe town is the main spine that links between llala and in Kisa-
rawe District. The Pugu Kajiungeni-Chanika road serves the Buyuni and Chanika agglomeration with ultimate
link to Chamazi settlement in llala.

2.2. Methods

A socio-economic survey was conducted in three locations in the study area (Buyuni/Majohe and Chanika in

)
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Figure 1. Map of the study area.

llala District and Masaki in Kisarawe District) in order to assess the community’s perception of climate change
and variability and their implication on coastal forest degradation as well as the communities coping strategies.
Chanika and Buyuni/Majohe settlements were selected to represent the peri-urban environment for llala District,
while Masaki was identified to represent the rural setting for Kisarawe District. Key informant interviews with
agricultural extension staff in the study areas, focus group discussion and semi-structured questionnaire were
used to collect socio-economic data. Focus group discussion involved about ten members from each of the study
area. The members were drawn from the communities representing men, women, elderly and youths. A prepared
checklist was used to guide the focus group discussions. The semi-structured questionnaire was administered to
a total of 150 households representing 50 randomly selected households from each of the three study locations.
SPSS and Microsoft Excel computer programs were used to analyse collected data and to characterize the socio-
economic condition of the study communities.

The questionnaire was also designed to capture perceptions of climate variability and change using the indi-
cators of rainfall variability between seasons and years, trends in temperature increase for the past 10 years and
occurrence of extreme events such as droughts and using indigenous knowledge. Perceptions of climate varia-
bility and change is complemented with the time-series analysis of annual rainfall, number of rainy days, sea-
sonal rainfall variability and extreme events from thirty years rainfall and temperature for Julius Nyerere Inter-
national Airport Met. station in Dar es Salaam and Kisarawe using Instant Statistical Software. The climatic data
were collected from Tanzania Metrological Agency (TMA) in Dar es Salaam.

3. Results and Discussion
3.1. Perceptions on Climate Variability and Change and Their Effects

The communities’ perceptions on climate variability and change are presented in Table 1. The revealed indica-
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Table 1. Community’s perception of climate variability and change.

Indicators still in use for Extreme events
Community  Community indicators of climate variability and change  determination of on-set of observed
rainfall recently
. Decreasing trend of rainfall (past 10 yr)
. .0 Unpredictable
Buyuni/Masaki P R
. Increasing incidences of droughts
o Increasing food insecurity
. Unpredictable rainfall patterns compared to early 1990s
o Vuli (October-December)
o Masika (March-June)
. Yongwe used to be a wetland with Mzinga river . Heavy storms
flowing throughout the year but presently dry . Floods (1989/90)

. Appearance of )
certain insects ° Extreme high

(Sangaugimbi, Vakule, Vikanikani) mperature

. Failure to predict onset of rain season using
traditional indicators and indigenous knowledge such as:

] Moon direction ) ) . . Mzinga river
(in the past could dete_:rmlne on-set of rainfall season; . changed to seasonal
Chanika however, presently this is no longer the case). . Appearance of certain plants :
 oluster of st (Tindiga) . Disappearance of
o Appearance of cluster of stars Hippopotamus

(Kilimia and Mpini wa Kata). Stars were seen at a
distance around midnight. Presently they are unable to do such
predictions using these stars).

o Occurrence of insects (Mzungu these normally dig down
on the ground, and Nyenze, normally found above the ground).
These insects are no longer available in the study areas.

o Appearance of certain types of clouds. These were used
to provide an indication of short or long rains, but
presently they are no longer seen during the daylight.

tors of climate variability and change include decreasing rainfall, increasing incidences of droughts, unpredicta-
ble rainfall patterns, disappearance of wetlands and failure to predict the on-set of rainy season using traditional
indicators and indigenous knowledge.

Communities in Buyuni reported to have experienced decrease of rainfall pattern for the past ten years. Before
2003, they used to receive good short rains (Vuli) between October and December and long rains (Masika) be-
tween March and June, but presently Vuli rains have almost completely disappeared and Masika rains comes late
(until April for some years) and stops earlier. In Chanika, communities reported to experience difficulty in de-
termining the on-set of rainfall using local or indigenous knowledge compared to 1980s and 1990s as revealed in
(Table 1). In the past, local indicators such as the moon direction, the appearance of cluster of stars (Kilimia and
Mpini wa Kata), occurrence of insects (Mzungu and Nyenze) and appearance of a certain type of clouds were
being used to determine the on-set of rainfall season, however, presently these are no longer possible.

Only few indicators such as appearance of some insects (Sangaugimbi, Vakule, Vibaruti, Vikanikani) and
plants (Tindiga) are still in use to locally forecast the rainfall season. Apart from unpredictable rainfall patterns,
extreme events such as heavy storms and flooding have been noted. Also Mzinga River which was perennial has
become seasonal resulting into disappearance of hippopotamus, fish and increased river sedimentation. Changes
in rainfall pattern, particularly drought have considerably affected agriculture production in the study communi-
ties due to soil moisture stress. As a result of increasing rainfall variability, agriculture dependent households are
now food insecure.

Communities are experiencing livelihood challenges that include declining agricultural production of tradi-
tional crops such as cassava, groundnuts, maize and passion fruits, increased crop diseases and declining soil
fertility among other causes.

3.2. Rainfall and Temperature Variability and Trends Using Climatic Data

To confirm community’s perception on climate variability and change in the study area, statistical analysis of 30
years rainfall and temperature records for Julius Nyerere International Airport Met. Station in Dar es Salaam and
Kisarawe climatic station was made. The historical analysis of 30 years rainfall data from Julius Nyerere Inter-
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national Airport and Kisarawe Met. stations, indicate clear decadal climate variability. The seasonal rainfall and
the total number of seasonal rain days for Julius Nyerere International Airport and Kisarawe indicate declining
trend (Figures 2-5). For example, in the most recent decade (2000-2010), the total number of seasonal rain days
has decreased respectively with more changes occurring in short rains (Vuli). This implies that there is a strong
decadal variability of rainfall across the study areas with a decreasing trend. This is confirmed by statistical
analysis on slopes of trend line at 95% of significance for seasonal rainfall and annual rainfall. The slopes of the
trend line revealed to be significantly decreasing (Table 2), meaning that the rainfall amount has consistently
been decreasing over the time. Further analysis of mean monthly rainfall reveals the shifts in peaking and timing
of rainfall (Figure 6 and Figure 7).
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Figure 2. Seasonal rainfall Vuli and Masika for Julius Nyerere International
Airport Met. station in Dar es Salaam (1981-2010) fitted with a linear trend
line.
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Figure 3. Rain days for Vuli and Masika seasons for Nyerere International
Airport Met. station in Dar es Salaam (1981-2010) fitted with a linear trend
line.

Table 2. Summary of test statistic (Z) in seasonal and annual rainfall amounts.

Record length Seasonal Trends
Station
To  Short rains (SON) Intermediate season (DJF) Long rains (MAM) Dry season (JJA) ANN
Julius Nyerere Int. airport 1980 2009 —-0.642 -1.032 —-0.469 —2.232 —2.045
Kisarawe Met. station 1980 2009 -1.784 -1.219 -0.994 -1.895 —2.007
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Met. station in Dar es Salaam (1981-2010) fitted with a linear trend line.
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Figure 7. Shifts and change in magnitude of mean monthly rainfall amounts
Kisarawe Met. stations.

Analysis of seasonal rainfall records also shows strong seasonal variability of rainfall pattern within the study
sites, both for Vuli and Masika seasons (Figures 8-10). For example, there is a reduction of up to 200 mm of
seasonal rainfall (Vuli and Masika rains) for both locations in the period of 30 years. More analysis of total rain-
fall by seasons for Kisarawe and Julius Nyerere International Airport Met. station indicate negative trends for
both Vuli and Masika. Vuli rainfall displays more variability than Masika rains, and this poses greater risks to
farmers who depend on Vuli rains for crop production. The risks is likely to induce up to 30% crop failures (on
average one year in every three years receives Vuli rainfall less than 100 mm). Analysis of time series of tem-
perature records for Julius Nyerere International Airport and Kisarawe weather stations indicate evidence of
climate change with increasing trends of both mean minimum and maximum temperature and this is consistent
with the period of declining rainfall. The trend for the mean maximum temperature shows that the coastal areas
have warmed by almost two degrees for the past 30 years (Figure 11). However, a strong annual and decadal
variability for both mean maximum and minimum temperature with an increasing trend is shown by trend lines
(Figure 7 and Figure 8).

Extreme temperature events constitute climate variability and change. Such extreme temperature events are
observed from the analysis of temperature extremes for Julius Nyerere International Airport for 30 years. Tem-
perature greater than 35 degrees is not common for Dar es Salaam and is described as an extreme event. The
analysis shows that most of the temperature greater than 35 degrees in the region coincides with the cropping
seasons of Masika (Figure 12). Such coincidence could accelerate drought spells and contribute to crops failure.
The temporal distribution of maximum temperature greater than 35 degrees has increased in the recent decade
(Figure 13).

For the first decade (1 - 10) from 1981 to 1990 maximum temperature events were only five. In the next dec-
ade (1990-2000) the events increased to six, and they have reached to 8 cases in the recent decade ending 2010.

3.3. Coping and Adaptation Strategies by the Coastal Forest Dependent Communities

Irrespective of the motivation for adaptation, either purposeful or unintentional adaptations can generate
short-term or long-term benefits [6]. Adaptation to climate change requires that farmers first notice that the cli-
mate has changed, and then identify useful adaptation strategies and implement them [7]. This study has con-
firmed peoples’ perceptions that climate is variably changing and many effects have been realized including
drying of perennial rivers, declining agricultural production of traditional crops, increased crop diseases and de-
clining soil fertility among others. In coping with declining soil productivity, people noted that it is increasingly
becoming difficult to obtain good crop harvest without using farm manure. However, prolonged use of chemical
fertilizers was reported to contribute to degradation of land; hence it is no longer practiced. Considering decline
in agricultural production, farmers are shifting to production of high value horticultural crops and have taken the
advantage of urban demands on the vegetables. Also dependency on forest resources was reported to have in-
creased, a factor which contribute to decline of forest resources and disappearance of wildlife in the forest re-
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Figure 9. Seasonal total rainfall variability at Dar es Salaam Airport Met. station (1981-2010).

serves. For example 46% and 17% of the respondents in Buyuni and Chanika reported to depend on forest re-
sources for firewood and charcoal respectively. Other forest products which communities depend on include
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wild fruits, mushrooms, building poles and fodder for livestock. It is apparent that some of the adaptive strate-
gies such as charcoaling are not sustainable and can lead to other multiple effects on the environment and con-
tribute to climate variability and change. A study by Kashaigili et al. [8] revealed that for the periods 1980-1995
and 1995-2010, closed forest cover in Pugu Forest Reserve decreased by 4.5% and 25.3% respectively, while for
Kazimzumbwi Forest Reserve, the closed forest cover decreased by 11.9% and 31.3% respectively. Among the
key drivers for the changes is the charcoal business [9]. Considering that climate change impacts are already be-
ing felt, interventions aimed at reducing negative impacts and risks are required [10].

4. Conclusion

Observed climate variability and change from the statistical analysis of 30-year records of rainfall and tempera-
ture for Julius Nyerere International Airport and Kisarawe weather stations are consistent with community’s
perception of climate change and variability. According to the communities, climatic changes and variability are
identified by declining rainfall amount, increasing rainfall variability, increasing temperature over the last ten
years, drying of cassava crop, and increased incidence of diseases pests for crops and livestock. Other indicators
include disappearance of wetlands and failure to predict on-set of rainy season using traditional knowledge. The
implications are that the agriculture dependent households are food insecure. As a way of coping and adapting to
the observed changes, the coastal communities among others have shifted to production of high value horticul-
tural crops and use of forest resources. Nevertheless, the increased use of forest resources is threatening the ex-
istence of coastal forests and contributes to the decline of forest resources and disappearance of wildlife in the
forest reserves. The study recommends examining the present coping strategies for the sustainability of the
coastal forests and in designing of alternative adaptive strategies such as alternative energy options, crop diver-
sification and environmental friendly activities such as beekeeping.
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