Atmospheric and Climate Sciences, 2014, 4, 369-384 00:0 Scientific
Published Online July 2014 in SciRes. http://www.scirp.org/journal/acs ‘0::0 Research
http://dx.doi.org/10.4236/acs.2014.43037

Drought Pattern along the Coastal Forest
Zone of Tanzania

Iddi H. Hassan?, Makarius V. Mdemu?, Riziki S. Shemdoe?, Frode Stordal3

1Department of Science, The State University of Zanzibar, Zanzibar, Tanzania
’Ardhi University, Dar es Salaam, Tanzania

3Depa rtment of Geosciences, University of Oslo, Oslo, Norway

Email: iddi.hassan@suza.ac.tz, mak mdemu@yahoo.co.uk, shemdoes@gmail.com,
frode.stordal@geo.uio.no

Received 14 May 2014; revised 8 June 2014; accepted 2 July 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

This study focused on identifying drought patterns particularly during the growing seasons along
the coastal zone of Tanzania in order to facilitate the determination of drought impacts on forest
Ecosystem. The growing seasons were March, April and May (MAM) referred as long growing sea-
son and October, November and December (OND) which is known as short growing season. The
main data were precipitation from 16 weather stations covering the coastal zones of Tanzania.
Standardized Precipitation Index (SPI) was used to establish meteorological drought patterns. The
duration of records was between 34 and 59 years depending on the available data on the con-
cerned stations. The SPI time series of 3 and 12 months showed that the coastal region of Tanzania
experienced frequent drought conditions ranging from mild, moderate, severe and extreme
droughts during both short and long growing seasons. It was found that the coastal zone of Tanza-
nia experienced higher drought duration, severity and intensity with frequent extreme events af-
ter 2000 than before. Despite that Kisarawe area revealed low frequency of drought events (88%)
than other study areas; it exhibited greater frequency of extreme droughts (46%) over the whole
study areas. Higher drought duration (40 months) and severity (sum of SPI —-36) were observed
for precipitation data from Unguja Islands, while data from Julius Nyerere International Airport
areas displayed higher drought intensity (SPI value of —1.9). Generally, Tanzania coastal zone was
never completely without drought or anomalously wet conditions at any time scale during the pe-
riod of record. The coastal zone was nearly entirely in drought periods especially the last decade
after 2000. This suggests that vegetation in the coastal zone might have experienced the impacts of
these droughts within the period. The magnitude of the impacts will be understood by tracking
changes of biomass and forest cover along the coastal zone within the last decade from 2000 to
2011 in addition to the 1990/92 which experienced drought dominance for Pemba.
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1. Introduction

Drought is a complicated incidence, which is difficult to define and affects all regions of the world [1]. However,
drought is essentially a climatic phenomenon, as a consequence of an abnormal decrease of precipitation and
untimely rainfall on a particular location. When strike over a particular forest, drought become the most signifi-
cant climatic threat affecting the productivity of tropical forest ecosystems more profoundly than any other cli-
matic natural disasters [2].

A drought is an extended period when a region experiences a deficiency in its water. Generally, this occurs
when a region receives consistently below average precipitation for a given period. Drought can have a substan-
tial impact on the forest ecosystem and agriculture when hits a given region. Although droughts can persist for
several years, even a short, intense drought can cause significant damage. It is not possible to avoid drought but
drought preparedness can be developed and drought impacts can be managed. The success of both depends,
amongst others, on how well the droughts are defined and drought characteristics are quantified [3]. Yet carrying
out drought analysis would enable us predict drought occurrence and plan appropriately on ways of mitigation.

Over the past two decades there has been extensive tree mortality on every vegetated continent and in most
bioregions in the world triggered by drought conditions [4]. Droughts affect the function of forest ecosystems
and ultimately lead to poor supply of goods and services. On the other hand, drought reduces the resilience ca-
pacity of the natural ecosystems to stabilize itself after disturbances. Impacts of drought on forest ecosystems are
much influenced by drought patterns i.e., frequency, duration and intensity [5]. Global climate change has been
acknowledged by scientists as the major cause of severe droughts around the world [6] [7].

Literatures show that droughts pose considerable impacts on forest ecosystems especially in the tropical fo-
rests regions [8]. The increased drought intensity and alternating high and low precipitation patterns disrupt
ecosystem stability, thus causing large carbon emissions [9]. It has been reported that East Africa is, on average,
drought free for only 21 out of 100 years [10]. Extreme rainfall anomalies are common in East Africa, and some
of these are localized, while others cover a larger area and persist for several seasons or years [11]. In Tanzania
droughts have already caused severe effects to different sectors [12]. Although the coastal forests of Tanzania
have been subjected to wide fluctuations of droughts conditions [13], no attempt has been made to quantify the
impacts of droughts on the coastal forest ecosystems. Given the existence of droughts in Tanzania and impor-
tance of coastal forests ecosystems goods and services, our understanding of drought and its effects on forest
ecosystems is very important.

As a step toward attaining that understanding, this study focused on identifying drought events and their pat-
terns (i.e., duration, severity and intensity) particularly during the growing seasons along the coastal zone of
Tanzania in order to facilitate identification of droughts impacts on coastal forest ecosystems. The study aims
were achieved by analyzing the long term droughts along the coastal zone of Tanzania specifically within grow-
ing seasons, which is an important step to monitor the response of forest ecosystem to droughts. The growing
seasons of the study area are March, April and May (MAM) which is referred as long growing seasons and Oc-
tober, November and December (OND) which is called short growing seasons.

2. Materials and Methods

2.1. Study Sites

This study was conducted in coastal forest zone comprising Pugu-Kazimzumbwi at Kisarawe, in the coastal
mainland of Tanzania, Ngezi Nature Reserve and Jozani National Park which are located in Pemba and Unguja
islands of Zanzibar respectively (Figure 1). The study areas are characterized by the bimodal rainfall regimes
with the long rain season (Masika) experienced between March and May (MAM) and the short rain season (Vuli)
occurring between October and December (OND).
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Figure 1. The study areas.

2.2. Methods

Meteorological drought patterns were established by using Standardized Precipitation Index (SPI). The SPI is
accepted by the World Meteorological Organization as the reference drought index for more effective drought
monitoring [14] and most suitable drought index for monitoring droughts in East Africa [9]. Using the precipita-
tion data, the SPI has anability to determine duration, magnitude and intensity of droughts [15] [16]. Monthly
precipitation data were obtained from TMA for 4 weather stations in Pemba, Kisarawe, Julius Nyerere Interna
tional Aiport (JNIA) and Jozani. Average rainfall data with at least 30 years per study area was calculated ac-
cording to Guttman [17] and WMO [18].

The SPI computation was done by fitting historical precipitation data to a Gamma probability distribution
function for a specific time period and location. The Gamma distribution was transformed to a normal distribu-
tion with a mean of zero and standard deviation of one [19]. The alpha («) and beta () parameters of the gamma
probability density function were estimated for each station along the coastal zone of Tanzania using the maxi-
mum likelihood solutions (Equations (1) & (2)) as per Thom [20] and Edwards [21].

o?:iA(l+ 1+%J (1)

X @
(04

where

A=InIn(x)- In() 3)

and n is the number of precipitation observations

The resulting parameters were then used to find the cumulative probability starting with a gamma probability
density function of an observed precipitation event for the given month and time scale for the station in question.
According to Edwards and McKee [22], a gamma probability density function to a given frequency distribution
of precipitation totals for the station of interest is fitted as:

o _ 1 X a1 _x/p
G(x)_.[og(x)dx_—ﬁ&r(&)fox e ¥’ dx (4)
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Letting
t=x/p ®)
This equation becomes the incomplete gamma function:
1 X &
G(x)= x“ e 'dx 6
(9= 7k ©

Since the gamma function is undefined for x = 0 and a precipitation distribution may contain zeros, the cumu-
lative probability becomes,

H(x)=q+(1-0a)G(x) (7)

where q is the probability of a zero. If m is the number of zeros in a precipitation time series, then g can be esti-
mated by m/n according to Thom [20].

Then the calculated cumulative probability H(x) was then transformed to the standard normal distribution
to yield SPI according to Abramowitz and Stegun [23]. This study used time scale of 3- and 12-month SPI as
recommended by WMO as best time scale to monitor drought on forest ecosystems [18]. The drought conditions
corresponding to the SPI values were classified according to the McKee [24].

Drought patterns were calculated as follows:-

1) The drought duration

D=3-Di (8)

where Di, is defined as the number of months for which the SPI values is below zero.
2) The drought severity or Magnitude is the cumulative sum of SPI for that particular drought event which is:

S=->SPI, ©)

where j starts with the first month of a drought and continues to increase until the end of the drought (x) for any
of the i time scales.
3) Drought Intensity is value obtained by dividing the Severity over Duration i.e.,

I=S/D (10)

where | is Drought Intensity, S is the severity or Magnitude and D is stand for Duration

3. Results

Comparing drought and non-drought events, the results show that Zanzibar Islands exhibited higher drought
events over the wet events than in Tanzania mainland (JNIA and Kisarawe). As shown in Figure 2, Unguja and
Pemba experienced 52% of drought events compared to 48% of non-drought events. Despite that Tanzania
mainland revealed low frequency of occurrence of drought events per observation periods, it displayed higher
frequency of occurrence of extreme drought events over the whole study area. For example Kisarawe exhibited
13% of extreme events which was higher than any other location in the study area.

Results reveal that extreme drought years along the coastal zone of Tanzania were 1965, 1975, 1976, 1996,
2003, 2004, 2006, 2009 and 2010 while the severe drought episodes were 1956, 1961, 1970, 1975, 1976, 1980,
1984, 1987, 1990, 1991, 2000, 2003, 2004, 2006, 2009, 2010, and 2011 (Table 1 and Table 2). Drought inci-
dences were found to strike more during the short rainy seasons of October to November than in long rainy sea-
sons of March to May. Again, results shows that Pemba region is less affected by extreme droughts during the
past ten years compared to Unguja and Pugu-Kazimzumbwi areas. The trend line shows that there is an increase
of drought incidences in all study areas along the coastal zones overtime (Figure 3).

Comparing drought incidences among these study sites, results show that Unguja Islands and Kisarawe areas
were affected by extreme droughts within this decade from 2001 and 2011 more than any other time within the
observation period (Figure 3 and Figure 4). Results of the 3-month SPI indicates that extreme drought stroke
Unguja areas during the 1997, 2001, 2003 and 2011 events. The 12-month time scale SPI indicated that the ex-
treme drought events were 2003, 2004 and 2009. In Kisarawe, results show that the severe drought years exhi-
bited similar trend to extreme drought events. Results show that in the 3-month SPI, severe drought affected

()
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Table 1. Drought years within Growing Seasons for the Coastal zones—3-Month SPI.

Drought Years by Location

No. Period/ Droug'ht Around PKER
Season Intensity Pemba Unguja
JNIA Kisarawe
Extreme  (~2.5) April 1991, (-3.2) April 2003, (~3.3) April 1991, 1961, (~2.7) March 1982,
Drought 1984, 1992, 2003 March and May 2003 1965, 1982, 2003 2003, 2009
(~1.9) May 2009,
Severe 1962, 1967, 1980, (=1.9) March 1987, 1980, -
) vy Drought 1991, 1992, 2000 2005, 2011 (71.6) May 1980
' 2009
(-1.4) 1987, 1974 (~1.4) May 1961, (~1.4) May 1988, 1955, (~1.4) March 1987,
Moderate 197.6 1980'1996’ 1965, 1982, 1987, 1959 1970, 1971, 1973, 1982, 1991, 2003,
Drought ' 2003’ ' 1988, 1994, 2000, 1980, 1982, 1985, 1992, 2004, 2005, 2007,
2011 2000, 2003, 2009 2010
Extreme » (~2.4) Oct 2001 and (~2.3) Oct 2001, 1955, 3
Drought (~2.1) Dec 1975 Nov 2001 1974 (~3.0) Nov 2001
Severe (~1.9) Dec 1995, (~1.8) Dec 2001, (~1.7) Oct 1992, 1956, (~1.9) Dec 2003,
Drought 1976, 1987, 1996 1995, 2000, 2008 1960, 1973, 2003 1987, 2001, 2010
2. OND (—1.4) Dec 2003,
(-1.4) Nov 1974, 1963, 1969, 1973, (—1.4) Nov 1958, 1956,
Moderate 1983, 1985, 1986, 1974, 1983, 1992, 1960, 1963, 1966, 1971, (-1.4) Oct 2010,
Drought 1990, 1995, 1998, 1995, 1996, 1999, 1974, 1976, 1985, 1987, 2003, 2005, 2009

2001

2000, 2005, 2008,

2000, 2001, 2009

2009, 2010

Kisarawe areas in 1980, 1986, 1987, 1997 and throughout from 2001 to 2011 with exception of 2005 and 2008.
Results indicate that both extreme and severe drought events affected both long and short growing seasons
around Kisarawe areas.

In Pemba, the frequencies of extreme and severe droughts were detected more in the 1990s events than any
other time period plus 2003 and 2004 events. On the other hand, Pemba experienced severe droughts in the 1976,
1987, 1990, 1991 events and consecutive years of drought from 1994, 1995, 1996 and 1997 events (Figure 3
and Figure 4). For 12-month SPI the severe drought events were 1975, 1991, 2003 and 2004. According to 3
month SPI, drought events were detected well during both long and short growing seasons with exception of se-
vere drought event in MAM. The 12-month SPI shows that there were no extreme drought events during both
long and short growing seasons (Table 1 and Table 2). Extreme droughts episodes during growing seasons
around JNIA reoccurred at minimum of every 2 and maximum of 8 years. Results show that extreme drought
years in JNIA were 1955, 1961, 1965, 1974, 1975, 1980, 1982, 1991, 1997, 2001, 2003, 2006 and 2009 (Figure

3 and Figure 4).
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Table 2. Drought years within Growing Seasons for the Coastal zones—12-Month SPI.

Drought Years by Location

Period/ Drought
) Season Intensity Pemba Unguja e FINARS -
JNIA Kisarawe
Eﬁ)ﬁ;ﬂi ~2.2 April 2009 (~2.0) March 1965, (~2.3) March 2010, 2004
(-1.9)March 2011,  (—1.9) April 1975, 1961, .
Severe | 9)May 1991 1965 2003,2009, 19912003, 2009, 2010, (18 April 2003,2004,
1 Drought 2010 2011 2009, 2010,
© MAM '
(~1.4) 1975, 1981, (1;132) iggg’fggg’ (~1.45) 1961, 1957,
Moderate ~ 1984,1987, 1988, 000" 2000 200 1970,1974, 1980, 1988, (~1.4) 2004, 1980, 1982,
Drought 1992, 1996,2003, 2000 5000"200% 1997, 2003, 2004, 2005, 1988, 2005, 2006, 2010
2004, » 2009, 2010, 2009, 2010, 2011
2011
Extreme (—2.7) Dec 2003, » »
Drouht o (-2.7) Nov 2009,2003  (~2.7) Dec 2003, 2009
(~1.8) Oct 2003, -
Dse"erﬁt (~1.8) 2003 1996 2000, 2009, ¢ 23%5?9%%03’2’0119165’ (~1.9) Oct 2009
2. OND roug 2010 P 2980
- (~1.39) 2010, 2000, -
Moderate (o 070 1080 “1064,1065, 1970, | U 1) 19801958, 1 4y 1987, 1980, 2004,
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Figure 4. 12-Month SPI for (a) Unguja; (b) Pemba; (c) JNIA and (d) Kisarawe coastal zone of Tanza-
nia.

Comparing drought incidences among these study sites, results show that Unguja Islands and Kisarawe areas
were affected by extreme droughts within this decade from 2001 and 2011 more than any other time within the
observation period (Figure 3 and Figure 4). Results of the 3-month SPI indicate that the extreme drought stroke
Unguja areas during the 1997, 2001, 2003 and 2011 events. The 12-month time scale SPI indicates that the ex-
treme drought events were 2003, 2004 and 2009. In Kisarawe, results show that the severe drought years exhibit
the same trend as in extreme drought events. Results show that in the 3-month SPI, severe drought affected Ki-
sarawe areas in 1980, 1986, 1987, 1997 and throughout from 2001 to 2011 with exception of 2005 and 2008.
Results indicate that both extreme and severe drought events occurred both during long and short growing sea-
sons around Kisarawe areas (Table 1 and Table 2).

In Pemba, the frequencies of extreme and severe droughts were detected more in the 1990s events than any
other time period except for 2003 and 2004 events. On the other hand, Pemba experienced severe droughts in
the 1976, 1987, 1990, 1991 events and consecutive years of drought from 1994, 1995, 1996 and 1997 events
(Figure 3 and Figure 4). For 12-month SPI the severe drought events were 1975, 1991, 2003 and 2004. Ac-
cording to 3-month SPI, drought events were detected well during both long and short growing seasons with
exception of severe drought event in MAM. The 12-month SPI shows that there were no extreme drought events
during both long and short growing seasons (Table 1 and Table 2). Extreme droughts episodes during growing

)
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seasons around JNIA re-occur at minimum of every 2 to maximum of 8 years. Results show that extreme
drought years in INIA were 1955, 1961, 1965, 1974, 1975, 1980, 1982, 1991, 1997, 2001, 2003, 2006 and 2009
(Figure 3 and Figure 4).

The coastal zone of Tanzania exhibited higher drought duration from 2000 to date than previous time. Based
on 3-month SPI, the 2008/2011 was the strongest drought event at Unguja with 40 months period which was al-
so the highest duration over the whole study areas (Figure 5 and Figure 6). The 2008/2011 drought was fol-
lowed in magnitude with 2003, 1974/75, 1964 and 1999/2000 events with magnitudes of 13, 12, 10 and 10
months respectively. Comparing with 12 SPI scale, the 2008/2011 remained the strongest drought with 44
months period.

Pemba has experienced higher drought during the 1983/84 event which lasted for about 16 months period
followed by 2007/08 and 2001 with 14 and 11 months period respectively (Figure 4). Based on 3 month SPI,
results show that drought events distribution reveals no larger discrepancy for the rest of drought events, i.e.,
ranging from 2 - 8 months time (Figure 5 and Figure 6). However, when using the 12 SPI scale results show
large discrepancies among drought episodes. The 2003/06 and 2007/2010 were strongest drought events which
lasted for 38 and 30 months time respectively.
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Figure 6. Drought duration (12-month SPI) for (a) Unguja; (b) Pemba; (c) JNIA and (d) Kisarawe zones of
Tanzania.

The 2000 to 2011 periods have experienced strongest drought events in Kisarawe. Results for Kisarawe show
that the 2008/2010, 2002/04 and 2005/06 events were leading by higher drought duration which lasted for 18, 16
and 10 months. The same trends were revealed by 12-month SPI in which 2007/2011 and 2003/06 showed
higher drought duration of 47 and 46 months (Figure 5 and Figure 6).

Results in JNIA show that there is difference in distribution of drought events compared to Kisarawe because
previous events (before 2000) are dominated by higher drought duration around JNIA areas. Based on 3-month
SPI, the 1964/66 periods exhibited strongest drought duration in JNIA which lasted for about 21 months period
(Figure 5 and Figure 6). However, the 12 SPI shows that 2007/2011 experienced higher drought duration with
49 months period followed by 1973/76, 1970/72, 1987/89 and 2003/04 with 29, 26, 25 and 21 months respec-
tively

Based on 3-month SPI the 2008/2011 year recorded the highest drought severity in Unguja with cumulative
SPI of —36. The same year had the highest drought severity over whole study areas. It is followed by events of
2003, 1996/97, 2001/2002 and 1974/75 with cumulative SPI of —15, —11, —10 and —10 respectively (Figure 7
and Figure 8). The 12 SPI scale results follow similar trend to 3 SPI scale beyond the 2008/2011 event leading
to drought severity with cumulative SPI of —63 for Unguja. This was the strongest severity over the whole study
areas. It was followed by 2000/02 with cumulative SPI1 of —28 (Figure 7 and Figure 8).
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Figure 7. Drought Severity (3-month SPI) for (a) Unguja; (b) Pemba; (c) JNIA and (d) Kisarawe zones of
Tanzania.

In Pemba, the 1991 drought event had stronger severity with cummulative SPI of —2.59. The 1991 event was
followed by 1987/88 and 1974 events with cummulative SPIs of —1.5 and —1.2 respectively (Figure 7 and Fig-
ure 8). Despite being the strongest drought severity, the 1991 year did not show any reflection of emergent
event for drought duration. The drought event had less duration but with higher sum of SPI values (stronger
drought severity). Based 12 SPI scale the 2003/06 drought event had higher severity in Pemba with cummulative
SPI1 of —=31. The event was followed by 1990/92 and 1980/82 with cummulative SPI of —22 and —20 respectively
(Figure 7 and Figure 8).

The 2002/2011 and 2009/10 events revealed higher drought severity for Kisarawe and JNIA respectively.
Results shows that the highest drought severity for JNIA was experienced within the period of 2009/10 which
exhibit the cummulative SPI of —19. The event was then followed by the 1964/66, 1979/80, 1974/75 and 1950
events with cummulative SPI of —16, —10, —10 and —10 respectively (Figure 7 and Figure 8). In Kisarawe, the
2002 to 2011 were the drought years with higher drought severity as reflected by cumulative SPI of —20, —19,
—11 and —10 respectively for 2002/04, 2008/10, 2010/11 and 2005/06 (Figure 7 and Figure 8).

Despite of higher drought duration and severity as indicated by the 2008/2011 event, the 2001/02 and 1996/97
events had higher drought intensity in Unguja Island with SPI of —1.7 each. Results show that the last decade
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Figure 8. Drought Severity (12-month SPI) for (a) Unguja; (b) Pemba; (c) JNIA and (d) Kisarawe zones
of Tanzania.

from 2000 to date was severely affected by droughts in Unguja because the decade was dominated by higher
drought duration, severity and intensity (Figure 9 and Figure 10). As for drought severity in Pemba, the 1991
year also exhibited higher drought intensity. Results for Pemba show that the year 1991 had intensity of —0.64
SPI followed by 1992 and 1987/88 which had SPIs of —0.36 and —0.31 respectively. Based on 12 SPI scale, the
1974/75 displayed higher drought intensity in Pemba than other study sites with SPI value of —1.0 (Figure 9 and

Figure 10).
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Figure 9. Drought Intensity (3-month SPI) for (a) Unguja; (b) Pemba; (c) INIA and (d) Kisarawe zones of
Tanzania.

Results of 3-month SPI drought intensity revealed that in Kisarawe the years after 2000 were extremely af-
fected by drought intensity compared to the years before 2000. The year 2004 was highly affected by drought in
Kisarawe as illustrated by higher drought intensity with —1.49 SPI. The 12 SPI scale showed similar trend in
Kisarawe where years between 2000 and 2011 were dominated by higher drought intensity. The 2003/06 and
2007/11 events exhibited higher drought intensity with SPI of —1.2 and —1.0 respectively. The situation was dif-
ferent for INIA because before 2000 was dominated by higher drought intensity. Based on 3 SPI scale, the year
1997 in JNIA was leading by higher drought intensity with SPI of —1.9. With SPI of —1.9, JNIA exhibited the
highest drought intensity over the whole study areas while for 12 SPI scale, the years before 2000 had higher
drought intensity.

4. Discussion

Drought incidences was found to strike more during the short rainy seasons of October to November than in
long rainy seasons of March to May. Kijazi and Reason, [25] suggested that the northern Tanzania coast expe-
rienced below average rainfall during OND, and lesser extent in MAM. Based on 3 SPI scale more extreme
drought were detected within 2001 to 2011 events in Unguja Island which strike both MAM and OND growing
seasons and affect vegetation particularly forest trees along the coast of Tanzania. Renneberg and others [26]
suggested that extreme droughts kill trees through cavitation of water column within the xylem. On the other



I. H. Hassan et al.

2_
1.5 -
1 - (a)
wl
0.5 -
0,
S O KN 0 4 W N~ o & S 0 O O & S N o S W 0 o
© W VW O NKNKNK®XO®R DO O O O O O O O 0 O O o
9 F 2 2 5 FT 208 A RIS T2 o R D
< 7 " RR T % T wwoo T aan " ao o Yo o o
a o o o A N N a o o & o & & o
i — L] — i — — OoN NN
2_
1.5 -
T 1 (b)
cnl
0.5 -
0;
W~ N W W o N ~ o o 9o o
T T g 2 2 2 ¥ 8§ 2 2 25 & & 8
§ 6 & o w ~ 3 3 S o w I L., .&
~ ~ 53] o) ] 0 o o] o dT NN o
a @ o & o o d & &6 o o o o
8 NN N
15
(c)
1
o
73
0.5
0
NN >0 dMONNOONCANOOANMNNNNDN o N NN WO
NN TOOLOLOOONNENNNNDNNDDDDDDNNDNOOD O OO
T 208N T8l anrnagf2080c0ml08 R
N Mo " TOVOVWR~N """ g """ " a0 YNVo o
mA N DDA D ORI Ra R ISR=N=] SIS
= — R B o B I I | L B B I B | N NN N N
1.5
! d
z (d)
73
0.5
o =
~ ~ < < © 0 o~ o~ © —
0 00 00 o o0 o0 I =] < =
= o - ey < R a e . -
o — o — [Tp) r~ — — [s2) ~
@ 00 0 0 o o o
o I o o S o
— — i — o~ o~ o

Drought Events

Figure 10. Drought Intensity (12-month SPI) for (a) Unguja; (b) Pemba; (c) JNIA and (d) Kisarawe
zones of Tanzania.

hands, when using the 12 SPI scale the consecutive negative value of SPI from 2007 to 2011 events indicate that
the forest ecosystems in Unguja Island have been affected by drought as per Ceglar and others [27]. Generally,
the trend lines show increasing of drought duration, severity and intensity with time along the coastal forests of
Tanzania. Thus more effects of droughts episodes on vegetation are expected to be observed in last decades
within observation periods. Collectively more extreme droughts were detected before 2000 years in Pemba
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which included 1975, 1984, 1991, 1992, 1996, 2003 and 2004 events (3 SPI). However, when 3 SPI scale results
are integrated the 12 SPI scale we found that the forest ecosystems in Pemba might be affected severely by the
2003/06 than any other time during the period of records as per Renneberg and others [26] and Ceglar [27].
Frederic and Volkmar [28] suggested that this kind of results might lead to changes of forest cover and biomass
over time; hence the 2003/06 is a useful event to determine the response of coastal forest ecosystems to droughts
in Pemba.

Based on both 3 and 12 SPI scales, results show that only the drought duration shows slightly increasing trend
with time along the coastal forests of Tanzania. The severity and intensity show decreasing trends with time
which suggest that more effects of droughts on vegetation are to be found before 2000. Therefore, for more
comparison, the investigation of response of forest biomass and cover would be useful to be conducted for
2002/06 and 1990/92 events. JNIA exhibited repeated episodes of drought in such a way that the site expe-
rienced more than one episode per year, a situation which may cause decrease in leaf area index in the forest
ecosystems [29]-[31]. However, drought duration decreased with time, and both severity (3 and 12 SPI) and in-
tensity (3 SPI) showed increasing trends with time within the observation periods. Moreover, results suggest that
the years after 2000 displayed higher extreme of droughts values which again underscore the importance of de-
termining the response of forests to the detected droughts by 3 and 12 SPI scales. Areas in Kisarawe experienced
low frequency but higher extreme drought episodes especially during the 2000 and 2011. These results are sup-
ported by drought duration severity and intensity trend lines which display increasing trends over time within
observation periods. The results suggest that it will be useful to examine the response of drought on forest eco-
systems during the 2000 to 2004 and from 2009 to 2011 in the areas. These kind results which reflect stronger
droughts phenomena within the last decades are really expected in many areas of Tanzania as part of the
sub-Saharan Africa countries. Using SPI in the Horn of Africa and sub-Saharan African, Viste and friends [32]
identified severe drought episodes within 2000 to 2011 than the previous periods recorded between 1972 and
1999.

The strongest drought years along the coastal zone of Tanzania was identified as 2003 which reflected maxi-
mum drought intensity range from —2.5 to —3.3 (3 SPI scale) for long growing seasons (MAM) and 2001 short
growing seasons (OND). The results in this study display similar trends to other studies in Tanzania. For exam-
ple, Kijazi and Reason [33], reported that, the period 1998-2005 stands out as one of the worst drought period in
recent decades over Tanzania. They reported that the 2003 OND dry season was preceded by a MAM 2003
drought (standardized value of about —1.2) followed by the driest season in MAM 2004 (standardized anomaly
value of —1.57) making the impact of the 2003/2004 drought particularly devastating. Based on 12 SPI scale, the
2009 events show the strongest drought especially during the October-December season.

5. Conclusion

Drought phenomenon is one of the important elements in the perspective of forest ecosystems and their man-
agement. Trying to understand drought is also considered as the important step in solving drought-related prob-
lems occurring in the perspective of forest ecosystems. Generally, Tanzania coastal zone was never completely
without drought or anomalously wet conditions at any time scale during the period of record used in this study.
However, it was never entirely in drought at any time scale during the period. Drought patterns in the study area
clearly show that drought magnitudes are increasing with time. This trend can cause severe effects on important
sectors especially when there are no plans to adapt to the drought conditions. On the other hand, the results in all
study sites show increasing drought events overtime. These results suggest that the impact of droughts frequency,
duration, intensity and severity is quite evident and becomes persistent in the coastal zone of Tanzania. Since the
results have been analyzed using 3 and 12 time scale SPI series, it is also likely that agriculture, forest ecosys-
tems and water resources have been affected by the drought patterns and their characteristics. Therefore, the
examination of the response of forest ecosystems to droughts in coastal zone of Tanzania would be useful to be
carried out within the last decade from 2000 to 2011 in addition to 1990/92 events for Pemba.
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