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Summary (English)

1. Developing countries will be affected by climate change and consequent sea-level 
rise which can manifest itself as recession of shoreline, increasing inundations and 
salt water intrusion. The current estimate of the sea-level rise is 18 – 59 centimetres. 
The effects are aggravated by anthropogenic impacts. Small islands will be most af-
fected.

2. Coastal forest buffer zones have been proposed by several authors as effective means 
to mitigate the effects of rising sea-level and other actors causing shoreline erosion. 
Effectiveness of vegetation as a buffer against wave action was also proved during the 
tsunami catastrophe in 2004.

3. Tanzania has produced a National Integrated Coastal Environment Management 
Strategy and National Adaptation Programme for Action. These concern the whole of 
Tanzania but there is none specifically for Zanzibar.  Zanzibar does not have consist-
ent strategic action in environmental management, thus changing conditions are faced 
reactively, not proactively.

4. Management of coastal environments calls for a multi-sectoral approach and coop-
eration. This has to include both terrestrial and marine environments and all levels of 
government. Conflicts occur when some stakeholders are left out of the decision mak-
ing. In Zanzibar such tensions have developed between tourism industry and com-
munities.

5. Climate change has not been systematically studied or monitored in Zanzibar, how-
ever, extreme weather conditions have been experienced and recorded recently. Winds 
have reportedly become stronger. Some villages have been flooded occasionally and 
the people report that rains have become less reliable in their lifetime.

6. The purpose of this research is to establish sufficient knowledge of the coastal 
changes in Kiwengwa, Matemwe and Pwani Mchangani shehias in Zanzibar to mo-
tivate the stakeholders to take action. This is achieved by analysing the changes over 
the past 50 years, by interviewing the stakeholders and by initiating a participatory 
process to analyse the situation and to plan practical actions to mitigate the unwanted 
effects of the change.

7. The analysis shows that the coastline has mainly been encroaching inland and the 
coastal vegetation cover has lessened.  Encroaching is strongest at hotel fronts. The 
intertidal zone has reportedly become shallower than it used to be a couple of decades 
ago. This has consequences to local livelihoods, especially to sea weed farming, and 
to wave action.
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8. The changes are mainly attributed to the anthropogenic factors like heavy use of 
vegetation for household purposed and cleaning of the coast and shore area for tourism 
purpose, however, strengthening of wave action and winds has also been observed. 

9. If the present sea-level rise forecasts are realized to the upper side, entire villages
will be flooded. Flooding of villages has already occurred from time to time.

10. Building physical structures to reduce erosion in one place aggravates erosion in 
another place. Cleaning the beach from debris also increases erosion. The villagers are 
aware of the importance of the debris on the beach in keeping it stable.

11. Very few hotels have environmental management plans. Further, the Environmen-
tal Impact Assessments, which are required before hotels are given construction per-
mits, are poorly monitored.

12. All concerned government departments agree that research and management 
should be more coordinated and there should be more of it. This would require some 
party to take a leading role. An initiative to this direction is brewing as a result of the 
round table discussion with various government departments during this research.

13. The communities propose strengthening of the coastal vegetation as the most ef-
fective means to prevent erosion and they express willingness to be partners in such 
activities. Also the hotels express their willingness to join with other stakeholders in 
managing and improving the environment.

14. The villagers are well aware of the environmental degradation and the destructive 
effect of their use of the environment; however, due to lack of livelihood alternatives 
and poverty, they cannot change the course of their activities.

15. Poverty and the consequent lack of alternatives are the reasons to the villagers’ 
unsustainable use of the environment. Therefore, it is most important to plan strategies 
and implement programmes to help the local people to benefit more of the booming 
tourism. It must be realized by all that tourism is presently the only viable develop-
ment resource for the people of Zanzibar.

16. Rehabilitation of vegetation on the vulnerable places with a total of 30, 5 hectares, 
would require 41450 seedlings and cost about 14 000 euro.  The Zanzibari researchers, 
who are also forest officers, produced in cooperation with the communities a draft 
project proposal for such activity.
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Muhtasari (Kiswahili)

1. Nchi zinazoendelea zinategemewa kuathirika sana na mabadiliko ya hali ya hewa, 
mabadiliko hayo husababishwa kutokana na kuongezeka kwa kina cha maji ya bahari. 
Mmongonyoko wa ardhi, fukwe na kuingia ndani maji ya bahari katika mwambao ni 
baadhi ya athari hizo. Utafiti wa hivi karibuni unaonesha kuwa, kina cha maji kina-
panda baina ya 18- 59cm. Athari hizi zinaongezeka kila siku kutokana na matendo 
ya binaadam kwa kuharibu mazingira hasa katika fukwe, mwambao na ukanda wa 
pwani.

2. Wataalamu wengi wanapendekeza njia mbadala ambazo zitaweza kupunguza athari 
hizo. Kupanda na kuhifadhi miti iliyopo katika mwambao wa pwani ni njia moja wapo 
ambayo husaidia sana kutatua tatizo la kupanda kina cha bahari. Janga la Tsunami 
lililotokea mwaka 2004, linathibitisha umuhimu wa miti katika mwambao.

3. Tanzania imeanzisha mpango maalum ya kitaifa wa kuhifadhi ukanda wa pwani. 
Mipango hiyo ni “National Integrated Coastal Environment Management Strategy” 
na “National Adaptation Programme for Action”. Mipango hii inatekelezwa Tanzania 
nzima isipokuwa Zanzibar. Zanzibar haina mikakati madhubuti ya kuhifadhi ukanda 
wa pwani,  kuendelea wa hali hii kunasababisha athari za kimazingira kila inapotokea 
mabadiliko ya hali ya hewa hapa Zanzibar.
 
4. Udhibiti wa kutunza mazingira katika fukwe unahitaji mtazamo na mashirikiano 
wa sekta mbali mbali. Mazingira ya nchi kavu na baharini yote yanahitaji kusimami-
wa na serikali katika ngazi zote. Migogoro hutokea pale ambapo baadhi ya wadau 
kutoshirikishwa katika maamuzi, hali kama hii hujitokeza sana baina ya wanajamii 
na sekta ya utalii.

5. Zanzibar hakuna mpango maalum wa kufanya utafiti na kuchunguza mabadiliko 
ya hali ya hewa, ijapokuwa mabadiliko makubwa ya hali ya hewa yamejitokeza hivi 
karibuni lakini taarifa zake hazijawekwa pahala maalum. Kwa mfano upepo husemwa 
kuwa mkali, baadhi ya wakati kunatokea mafuriko katika baadhi ya vijiji, na mvua 
nazo zimeripotiwa kuwa kidogo na hazitabiriki kwa sasa.

6. Dhamira ya utafiti huu ni kuanzisha ujuzi na maarifa ya kutosha kuhusu mabadi-
liko ya hali ya hewa katika mwambao wa Shehia za Kiwengwa, Matemwe na Pwani 
Mchangani. Utafiti unakusudia kuwashajihisha wadau mbali mbali kuchukua hatua 
madhubuti na imara zaidi. Utafiti huu umewezekana kwa kufanya uchambuzi wa 
mambo katika kipindi cha miaka 50 iliyopita, kwa kupitia mahojiano na wadau na 
kuanzisha njia shirikishi, kuchunguza hali halisi na kupanga mipango madhubuti ili 
kupunguza madhara ya mabadiliko hayo.
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7. Uchambuzi wa mambo unaonesha kuwa mwambao unamegwa kutokana na kutowe-
ka kwa miti na mimea ufukweni.  Umegwaji huu wa ardhi unaonekana sana mbele 
ya hoteli za kitalii katika fukwe. Mabamvua yamendelea kupungua kila uchao kul-
inganisha na miaka iliopita. Haya yanatokana shughuli za kimaisha na uchumi wa 
binadamu kama vile kilimo cha  mwani na ongezeko la mawimbi ya bahari. 

8. Mabadiliko yatokanayo na shughuli za binadamu ni pamoja na kuhaulisha kwa miti 
na mimea kwa matumizi ya nyumbani, kusafisha fukwe kwa ajili ya utalii, nguvu za 
mawimbi na kuongezeka kwa pepo.

9. Imetabiriwa kuwa  kima cha bahari cha hivi sasa kama kitaongezeka  itasababisha 
kuzama kwa vijiji vyote. Hali hii inatokea mara kwa mara katika baadhi ya vijiji.

10. Kujenga vizuizi au matuta pembezoni mwa fukwe ili kupunguza mmongonyoko 
katika sehemu moja husababisha mmongonyoko sehemu nyengine. Usafishaji wa fuk-
we kwa kuondosha takataka  na mabaki ya miti baharini inaongeza mmongonyoko.
Wanavijiji wanajua umuhimu wa mabaki hayo katika fukwe katika kuiweka hali ya 
kawaida.
 
11. Ni hoteli chache sana zenye  mipango  madhubuti ya kimazingira. Kwa hakika 
tathmini ya kimazingira inahitajika kabla ya mahoteli kujengwa lakini ufuatiliaji na 
usimamizi wake umekuwa dhaifu.

12. Taasisi/Idara zote husika zimekubali kwamba tafiti zote zifanyike kwa njia ya 
mashirikiano. Hii itahitaji baadhi ya taasisi kuchukua msimamo wa mbele zaidi. Ma-
zungumzo ya pamoja baina ya Taasisi/idara mbali mbali za serikali ni matokeo ya 
utafiti huu.

13. Wanavijiji wametilia nguvu suala la uhifadhi na upandaji  wa miti pembezoni mwa 
fukwe, ni njia moja wapo ya kukinga mmomgonyoko na wameonesha utayari wao 
wa kushiriki katika kazi hii. Aidha hoteli zimewafikiana kujumuisha wadau wengine 
katika kuendeleza na kutunza mazingira.

14. Wanavijiji wanaelewa vizuri juu ya mmongonyoko wa kimazingira na hasara zake 
juu ya matumizi mabaya ya mazingira; ijapokuwa  kwa sababu ya kutokuwa na njia 
mbadala za kukabiliana na maisha na umaskini, hawawezi kubadili tabia.

15. Umaskini na uhaba wa kupata mahitaji ya kila siku kwa wanavijiji hupelekea ma-
tumizi yasiyo endelevu ya ardhi/ mazingira. Hivyo kuna umuhimu wa kuwa na mi-
kakati na mipango madhubuti pamoja  utekelezaji kwa wananchi ili kuwasaidia ku-
faidi zaidi na ukuaji wa sekta ya utalii.Imeonekana kwamba, kwa sasa sekta ya utalii 
pekee ndio rasilimali muhimu kwa maendeleo ya wananchi wa Zanzibar.
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16. Urejeshaji wa uoto wa kijani katika maeneo yaliyoathirika yenye ukubwa wa hekta 
30.5, utahitaji miche 41,450 na gharama yake ni uro 14,000/=. Watafiti wazalendo 
(Wazanzibari) ambao ni maafisa misitu, kwa kushirikiana na wanajamii wametayari-
sha mpango katika hatua ya mwanzo kwa kazi hizo.
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1. Introduction

Decisions made in Zanzibar in respect to the effects of climate change and adaptation 
strategies are based on policies and legislative frameworks related to many sectors 
such as land, forestry, tourism, fisheries, agriculture, water, investment, infrastructure 
and local governments. The environmental policy sets the guiding principles in the 
form of outcomes as follows:

•   To ensure the maintenance of basic ecological processes upon which   
 all productivity and regeneration, on land and in the sea, depend.
•   To promote the sustainable use of renewable resources and rational use   
 of non-renewable resources, and to minimize irrational use, contamina  
 tion or destruction of resources.
•  To preserve the biological diversity, cultural riches and natural beauty   
 of Zanzibar.
•   To ensure that the quality of life of the people of Zanzibar, present and   
 future is not harmed by destruction, degradation or pollution of their environ 
 ment.
•   To strengthen both the institutional mechanisms for protecting the envi  
 ronment and the capabilities of the institutions involved.

In historical perspective, translation of these goals into deliverable strategies gives 
reason to question the adaptation strategies regarding climate change. Whenever Zan-
zibar experiences extreme weather conditions as a result of climate change or other-
wise, the reactions are always reactive to the current conditions rather than proactive 
strategies for actual mitigation and adaptation. This represents inconsistency between 
the planned course of actions and the actual mitigation measures. For instance, the 
suggestions within the Integrated Coastal Management for Sustainable Development 
of Zanzibar’s Coasts (Makame et al. 2000) which call for integrated approach have not 
been adhered to. Subsequently, implementation of each strategy is independent from 
another. 

The problem is that Zanzibar has adopted and is proceeding to implement forms of 
economic development which are in conflict with the traditional systems. This poses 
a development dilemma and creates challenges to the traditional system in accommo-
dating environmental changes. The question is, what adaptation strategies are in place 
in an event of extreme climate change causing the sea water to rise, and what strategies 
are there to prevent and mitigate these changes and their effects?

Efforts to protect vulnerable environmental resources have focused largely on legal 
prohibition, sanctions and penalties. The role and importance of social and cultural 
factors have been much less considered and instead state institutions have taken a 
leading role in developing adaptation strategies for climate change. In some instances, 
private sector has been encouraged to take actions too, but these have not registered 
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significant output. Indeed, the individual decision to take or not to take action related 
to climate change adaptation is crucial when considering resource conservation be-
haviour in Zanzibar.

On the east coast, where massive tourism developments are taking place, however, the 
land and sea are mostly affected by erosion along the coastal line as a result of wave 
actions and monsoons. Yet, there is no strategic environmental information system 
and decision support model for adaptation. This research is set to contribute to the 
beginning of the development of strategic environmental information gathering and 
decision support and action model for adaptation in Zanzibar.
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2. Implications of climate change regarding developing countries

2.1. Climate change and adaptation measures 

Although developing countries are not the largest emitters of greenhouse gases, they 
will be most adversely affected by the changing climate (Paavola & Adger 2006) and 
most in need of adequate adaptation strategies (Füssel 2007). Developing countries of-
ten have, however, other priorities, such as poverty eradication and economic growth 
than climate change (Mimura et al. 2007). The region to suffer most is predicted to 
be Africa (Brown et al. 2007) as African countries are dependent on climate-sensi-
tive sectors (agriculture, fisheries, tourism), which are forecasted to face consider-
able changes in the future (Climate Change…2008; Brown et al. 2007; Osman-Elasha 
2007). Some predictions depict sea-level rise of 18-59 cm by the year 2100 in Africa 
(IPCC 2007), which would imply threats to coastal infrastructure, communities, and 
ecosystems. In addition, human population density is extremely high on coastal areas 
throughout the continent (Nicholls 2000).  

Small island states and low-lying coastal areas are especially vulnerable for climate 
change induced impacts and their adaptive capacity for adaptation measures is rela-
tively low as they are limited by their size and geographical setting (Pelling & Uitto 
2001; Nicholls & Lowe 2004; Mimura et al. 2007). The most significant effects of 
sea-level rise are the long term recession of the shorelines, increasing inundation and 
flooding, and salt water intrusion. This would result in the direct loss of economi-
cally, ecologically and culturally valuable land (Dubi 2000). Although the impacts of 
climate change itself may not be the largest threat, they become serious threats when 
coupled with anthropogenic impacts. Non-sustainable resource use and development 
therefore reduce the adaptive capacity of the natural systems (Dubi 2000).

Furthermore, sea-level rise has specific significance for small islands as coastal zones 
are often densely populated; furthermore, coastal erosion and natural hazards are pre-
dicted to increase in magnitude and number in the future. In addition, many rural 
communities are dependent especially on subsistence farming and local produce in 
small islands (Mimura et al. 2007). Eastern African shorelines are densely populated 
and thus environmental change will affect large numbers of populations (Technical 
Recommendations…1993). For example, Ubwani (2008) writes that according to 
some predictions if extensive sea-level rise would take place, Tanzania’s islands off 
the coast, such as Zanzibar and Mafia, might submerge under water by the year 2100. 
Scientists are thus calling urgently for adequate measures to protect vulnerable coastal 
areas both in mainland Tanzania and the surrounding islands (Ubwani 2008). Never-
theless, if the current predictions of sea-level rise (18-59 cm by the year 2100) by IPCC 
are taken into account, then it is not likely that the islands would submerge completely 
under water; moreover, sea-level rise is a long-term process and does not happen sud-
denly (Nicholls & Lowe 2004; Ragoonaden 2006). However, as Ragoonaden (2006) 
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notes, sea-level rise is the far greatest challenge for the Small Island Developing States 
in the near future. In the Western Indian Ocean, some of the small islands experience 
sea-level rise, whereas some islands experience a decline in sea-level; however, all 
islands will face a sea-level rise in the end of this century regardless of current locale-
specific trends (Ragoonaden 2006).  

The poor will be most adversely affected as their livelihood strategies are directly 
dependent on natural resources as these strategies are more climate-sensitive than, for 
example, those in the service sector (Climate Change…2008). In addition, poverty and 
underdevelopment will constrain the adaptive capacity of developing countries (Yole 
& Tol 2002). Moreover, climate change impacts might increase gender inequality, for 
instance, in Tanzania due to the traditional division of labour: women’s tasks are more 
dependent on the environment, whereas men are often employed in market-orient-
ed tasks (Paavola 2006). Therefore, a key feature of current climate change research 
should be to examine which livelihoods will be affected and to what extent (Barnett 
& Adger 2007). However, not all climate-induced effects will be negative as some 
regions might profit, for instance, from increased rainfall (Boko et al. 2007). In addi-
tion, climate change should be examined together with the multiple factors producing 
current vulnerabilities such as poverty and access to education (Brown et al. 2007).  
Nevertheless, climate change should be seen as an additional factor, which influences 
the processes and changes taking place in Africa (Boko et al. 2007). For instance, rain 
fall is predicted to decrease in Tanzanian inland regions resulting in longer dry sea-
sons, which will impact cultivation (Mwandosya et al. 1998); this has a direct impact 
on the socioeconomic conditions in the country. Furthermore, often drastic changes 
on societal level take place simultaneously with climatic changes especially with al-
ready instable societies (Holmberg & Öberg 2006).

Climate change will accelerate risks, conflicts and insecurity. However, conflicts 
emerge first and foremost from the underlying frameworks and societal contexts (Bar-
nett & Adger 2007). Nevertheless, as Pelling & Uitto (2001: 52) state, it is “…important 
to see local level risks as outputs of increasingly global political and economic systems 
and of physical processes that are global in scale”. Furthermore, climate change needs 
to be recognized by governments as a factor, which requires adaptation planning and 
mitigation efforts (Lewsey et al 2004; Tompkins 2005). Adaptation planning should 
therefore combine a diverse group of stakeholders such as scientists, practitioners, 
decision-makers and analysts (Füssel 2007). In addition, the success or failure of ad-
aptation strategies is determined by the management of these processes (Brown et al. 
2007). However, adaptation decisions are not made separately but are dependent on 
other decisions and factors, such as institutional and governance structures. There-
fore, defining adaptation measures specific to climate change is complex (Adger et al. 
2005). Van Aalst et al. (2008) point out that future predictions should be based on the 
existing knowledge on current vulnerabilities and adaptive capacity, which are often 
missed by assessments relying on only future climate scenarios. 
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The adaptation measures for climate change are largely determined by the existing 
societal, political, environmental and economic contexts in which communities and 
societies function. For example, entitlements to land, social capital, institutions and 
the environment all determine the opportunities and dependencies that humans have 
in a particular location (Barnett & Adger 2007). Moreover, such institutionalised 
structures as land-use planning, ownership and land rights frame a community’s pos-
sibilities for resource access and use (Dolan & Walker 2004). These are a part of a 
larger framework at national and global scale in which multiple processes interact 
and produce vulnerability on local levels (Eriksen & Kelly 2007). Therefore, effective 
environmental governance is, for instance, crucial as an adaptation measure to climate 
change (Paavola 2006).

Adaptation itself is complex as it includes not only individuals but communities, gov-
ernments (local and national) and nongovernmental organisations (Hay & Mimura 
2006; Paavola & Adger 2006) and it incorporates different values, which guide or 
impose on the decision-making processes (Adger et al. 2005). In addition, adaptation 
can produce both positive and negative outcomes judged on the bases of its viabil-
ity for multiple stakeholders. For example, individual adaptation action might trigger 
negative consequences on somebody else’s part (Adger et al. 2005). However, people 
tend to estimate which actions should be taken based on their own experiences of 
the occurrence and effects of happenings (such as natural hazards) and whether the 
outcomes from the chosen adaptation actions will be negative or positive ( Patt & 
Schröter 2008, in press). 

Adaptation measures are always local but the decisions regarding these measures are 
made on national and international levels (Adger et al. 2006). Especially in the case of 
communities, the adaptation measures are always community-specific and thus consist 
of multiple interacting variables (Smit & Wandel 2006). Moreover, as there is no uni-
versal adaptation strategy/plan due to the complexities, such measures should always 
address a specific locality (Füssel 2007). In addition, new management approaches or 
methods are rarely made regarding adaptation measures to climate change but the al-
ready existing models and management policies are modified for this purpose (Smit & 
Wandel 2006). In other words, the best approach is to integrate climate change adapta-
tion practice to the already existing decision-making structures. However, this has a 
bearing on justice issues because if the present decision-making structures contribute 
to inequality, then adding climate change adaptation to these will further prolong the 
existing inequalities. 

African communities have been adapting to environmental changes for decades and 
thus using the indigenous adaptation and coping strategies regarding climate change 
is essential (Boko et al. 2007; Downing & Osman-Elasha 2007). Mitigation is however 
an important part and therefore both adaptation and mitigation measures should be 
combined on policy level (Nicholls & Lowe 2004). Due to the large scope of climate 
change and its predicted impacts, new actors, such as tourism industry or forestry 
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sectors, must begin considering climate change as part of their reality (Füssel 2007) 
as, for example, the winter tourism industry in Norway, and in Finland to that matter, 
has already experienced some impacts of the warmer climate as amount of snowy 
days has decreased (O’Brien et al. 2006). In addition, adaptation is never value-free 
as the actors involved all have their own agendas, which they operate from (Adger et 
al. 2005) and these should be acknowledged when assessing the equity questions in 
adaptation. 

Adaptive capacity can be defined as a community’s ability to adjust to the changed or 
changing conditions shaped by political, social, economic, and environmental factors 
both at national and global scales (Smit & Wandel 2006). Adaptation strategies differ 
within a community as individuals have diverse social networks and status and are 
thus affected differently by, for instance, changing environmental conditions. Thus, 
some groups might be more vulnerable than others as some areas are more vulnerable 
due to varied factors causing exposure and sensitivity (Smit & Wandel 2006). Moreo-
ver, vulnerable issues for a community often relate to daily livelihoods rather than 
to uncertain predicted impacts of climate change (van Aalst et al. 2008). Therefore, 
policy makers should gain an understanding of the local realities before advising or 
planning adaptation actions (Patt & Schröter 2008, in press). 

However, vulnerability as a concept is also value-laid as its definition, for instance, 
is reached through the analysis of what constitutes the ideal condition for the envi-
ronment which will be aimed at (McFadden 2007). In addition, just as in the case 
of adaptation measures, vulnerability is also always context specific (Brooks et al. 
2005). Therefore, it is crucial to address the specific vulnerabilities of a place in order 
for providing sufficient knowledge on relevant adaptation measures and strategies. 
However, communities should not be victimized as merely passive victims but they 
should be viewed as active actors capable of coping with changes (Wisner et al. 2004; 
van Aalst 2008). In addition, different groups of people have different vulnerabilities 
determined by such issues as social status, gender, age, and practiced livelihood strat-
egies (Wisner et al. 2004). Furthermore, some groups are still more vulnerable than 
others although they would not be even poor (Kende-Robb & Van Wicklin III 2008). 
Both vulnerability and adaptation are thus changing dynamic systems, which are the 
outcomes of interlinking multiple processes (O’Brien et al. 2006). This complexity 
should thus be highlighted in the analysis in order to portray the current vulnerabili-
ties adequately. 

Nevertheless, instead of only focusing on preventing the predicted impacts through 
technological solutions, it should be asked “What can be done to strengthen people’s 
own capacity to respond and adapt?” (Eriksen & Kelly 2007:11). The indicators for 
vulnerability should thus focus on the processes that cause vulnerability and not only 
on statistical measures such as, for instance, GDP per capita (Eriksen & Kelly 2007). 
In addition, reduction of vulnerabilities is deemed most thriving when combined with 
other approaches at diverse scales (Smit & Wandel 2006). For example, such measures 
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as poverty reduction and enhanced access to resources can alleviate current vulner-
abilities (Adger et al. 2005). However, the understanding of human capacity and its 
ability for adaptation are still poorly understood although a large amount of knowl-
edge exists already on the adaptation capabilities of the natural environment (Nicholls 
et al. 2007). Nevertheless, taking no action on adaptation or mitigation will turn out 
costly as climate change will affect ecosystems and force societies into change (Payet 
& Obura 2004). In addition, more research is needed on those adaptation measures, 
which prove beneficial, although the predicted climate change impacts would not ma-
terialise (Carter 2007). 

2.2. Implications of climate change to coastal management 

Coastal environments are dynamic systems influenced both by human activities and 
physical processes (Phillips & Jones 2006; McFadden 2007) and are often bound to 
have multiple users/stakeholders with differing opinions and needs for that environ-
ment (Nicholls et al. 2007). Such factors as economic growth, increased resource pres-
sure, tourism and growing population density affect the coastal zones worldwide and 
contribute to environmental degradation (Tagliani et al. 2003). Many coastal manage-
ment issues are similar in developed and developing countries but the scope of poverty 
and the rapidity of ecosystem degradation are a much larger problem in developing 
countries (Olsen & Christie 2000). However, coastal zones are not isolated entities, but 
activities and processes further inland or out at sea affect its state (Thia-Eng 1993).

Multiple actors cause pressures on the coastal and marine environment in island set-
tings when diverse actors utilise the same resources (Vaitoti 2008) and these actions 
have also significance in relation to climate change impacts. For example, the destruc-
tion of coral reefs will reduce coastal protection against storm surges and erosion 
(Lewsey et al 2004; Middleton 1999); in addition, there is a strong correlation between 
coral reef destruction and climate change due to rising temperatures. An increase in 
sea water temperature and sea- level coupled with destructive fishing methods ad-
versely affect the growth potential of coral, which will in turn reduce the protective 
ability (Dubi 2000). In addition, coral reefs cannot keep up with sudden sea-level rise 
due to their fixed growth pace and rising water temperature can advance coral bleach-
ing (Reading et al. 1995). Moreover, coral reefs act as a buffer against waves and re-
duce coastal erosion (Cesar et al. 2000; Ragoonaden 2006) and therefore their role in 
protecting the shoreline cannot be underestimated. 

Traditional sector-based coastal management is not an appropriate approach as the 
coastal zone is a coherent interdependent ecosystem including both terrestrial and 
marine environments (Westmacott 2002). The complexity of such systems needs co-
herent management decisions and plans which the stakeholders form together through 
discussion and participatory planning. As McFadden (2007: 202) puts it: “…stakehold-
ers…need to foster a longer-term vision of the environment against which to plan both 
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the immediate and future management of the system”. However, in such cases where 
daily livelihoods, food security among others, are the main issues of concern, long-
term perspectives regarding conservation and environmentally friendly actions might 
not have functional value for the stakeholders. In other words, poverty can constrain 
the willingness of local communities to participate in coastal management activities 
(Westmacott 2002). 

Moreover, if it is more profitable for an individual to sell land rather than use it and 
conserve it, then the option with more short-term financial benefits is chosen (No-
ronha 2004). In addition, currently international donors and development banks favour 
short-term coastal management projects, which are supposed to function as examples 
or on case study bases. The short-term model, however, is deceiving as it might take 
decades for real and tangible changes in the environment to take place (Olsen & Chris-
tie 2000). In addition, coastal areas face a multitude of diverse factors which influence 
their current and future state sea-level rise being only one of them; therefore, there is 
a need to recognize the other factors and not just merely focus on sea-level rise alone 
(Nicholls et al. 2007). 

Other lessons learned from coastal management approaches are that all levels of gov-
ernance should be involved through co-management and that the chosen approach 
will differ from place to place due to the variability of the coastal environment in 
geographic, social, cultural and economic terms (Olsen & Christie 2000). In addi-
tion, specific documentation of the reached benefits and positive processes in coastal 
management should be provided which then could be used to enhance new projects 
and management plans (Olsen & Christie 2000). Moreover, as Olsen & Christie (2000: 
10) note: “Viewing coastal management as an expression of various forms of adaptive 
management emphasizes that practice is a learning process”. Adaptive management 
means that the processes and systems affecting the coast are taken into account and 
decisions can be thus altered together with research information on the best practices 
(Tompkins et al. 2007); a practice which should be also present in climate change re-
lated adaptation measures and coastal planning. From the sustainability perspective, 
successful coastal management requires a combination of adaptation and mitigation 
approaches (Nicholls et al. 2007). Furthermore, strengthening the local adaptive ca-
pacity to respond and plan long-term strategies is essential (Few et al. 2007). 

Odada (1993) suggests five approaches to adapt to coastal changes induced by climate 
change, and to reduce coastal erosion in the East African region. Firstly, governments 
need to increase public awareness of climate change in general and of coastal ero-
sion and the long-term consequences of coastal development in particular. Secondly, 
coastal management and planning should have a stronger scientific input, without 
which large scale losses of recreational beaches can be expected. Thirdly, buffer zones 
should be established in the form of set back lines within which conservation should 
be emphasised. Fourthly, regulatory measures for the protection and management of 
coastal areas as well as effective enforcement of these are essential. And lastly, a re-
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gional cooperative program on coastal management is important to manage the many 
interrelated factors.

In the case of Tanzania, Masalu (2000: 480) concludes that “With a high increase 
of population density which is taking place in the coastal regions of Tanzania, it is 
evident that access to land and other coastal marine resources will increasingly con-
tinue to be difficult”. Most of the conflicts relating to coastal natural resources in 
Tanzania and Zanzibar thus occur because not all stakeholders have been involved 
in the planning and decision-making over the issues, which have a direct effect on 
their livelihoods (Masalu 2000). For example, disputes in Zanzibar have specifically 
focused on the access and use rights of the coastal communities on their surrounding 
environment when increasing tourism industry has placed demands on common pub-
lic resources, such as the intertidal zone and the beach (Mustelin 2007). The conflicts 
thus arise between different stakeholder groups due to diverse resource use aims and 
needs (Westmacott 2002). In order for the coastal management to be truly functional 
in practice in Zanzibar, inclusion of diverse stakeholders and cooperation between the 
parties is needed. 

2.3. Coastal environments and vulnerability in Zanzibar  

There is not much research conducted currently in Zanzibar concerning climate 
change but the changes taking place can be linked to the possibility of climate change 
induced impacts. Most of the data available is produced by the weather stations under 
the Meteorological Agency’s Zanzibar Section; in addition, the Institute of Marine 
Science (IMS) collects data on sea-level change along the coasts of Zanzibar. Zanzibar 
is included in the Global Sea Level Observing System (GLOSS) under African Sea 
Level Network, and Zanzibar’s sea-level monitoring station has been upgraded to fit in 
the Indian Ocean Tsunami Early Warning and Mitigation System (GLOSS 2008). The 
sea-level monitoring station in Zanzibar has been operational since 1984 so sea-level 
data exists for the past 25 years. The data gathered shows a falling trend in sea-level 
in Zanzibar; however, according to Dr. Shagude at IMS, to depict actual trends in 
sea- level, continuous data at least for the past 50 years is needed. The reasons for a 
local decline in sea-level are multiple and there is certainly not only one given reason. 
Ragoonaden (2006) argues that falling sea- level can be connected to local tectonics 
but, for instance, Mahongo (2006) has suggested that declining sea-levels can be inter-
preted as a short-term phenomenon based on decadal variability. 

During the seminar held in May 2008 at the Department of Commercial Crops, Fruits 
and Forestry, the director of Zanzibar’s Section, Tanzania Meteorological Agency, Mr. 
Khamis A. Suleiman noted that several extreme weather incidences have taken place 
during the past years in Zanzibar. For example, on 21st March 2008 Zanzibar experi-
enced the highest rise in sea-level, which caused flooding of the old town. The warm-
est temperature recorded in Zanzibar since the commencement of the weather station 
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at Zanzibar International Airport 68 years ago was in 27th February 2008 when the 
station recorded a temperature of 39, 4 Celsius. At the same day and same time, low-
est mean sea-level pressure of 1000.6 mb was also recorded. In addition, the Victoria 
Garden rainfall station recorded 471 millimeters of rainfall within 24 hours on 16th 
of April 2005, which was the highest ever recorded in the last 50 years. According to 
the director, these are clear examples of extreme weather variables that can be linked 
to changing conditions. 

The whole region of Western Indian Ocean is facing shoreline erosion as a grow-
ing environmental problem (Shoreline Change…(s.a.)). The coastal areas in Zanzi-
bar are under an increasing pressure especially from growing tourism and increasing 
population growth according to the Department of Fisheries. Coastal environments 
include multiple stakeholders such as the coastal communities, the tourism industry, 
non-governmental organisations, private companies, governmental bodies and indi-
vidual citizens. At policy level, Tanzania has a National Integrated Coastal Environ-
ment Management Strategy; although not legally binding, it sets out the principles of 
coastal management (Torell et al. 2004). In addition, Tanzania has completed its Na-
tional Adaptation Programmes for Action (NAPA) in 2006 regarding climate change; 
however, no such plan currently exists for Zanzibar. Nevertheless, Tanzania’s NAPA 
does note the vulnerability of coastal areas and calls for more protection of the coast-
line against the impacts of climate change. In addition, different environmental man-
agement programmes are mentioned as the existing adaptation activities as adaptation 
measures should always be incorporated into the existing management structures and 
schemes (Smit & Wandel 2006). However, Zanzibar will experience different impacts 
than Tanzania as it belongs to the group of small island states (Paavola 2006).  

The coastal communities use the coastal zone for a variety of livelihood activities: 
tree planting, fishing, subsistence farming, seaweed farming, firewood and building 
pole collection and for cemeteries (Sitari 2005; Mustelin 2007). The intertidal zone 
(between the shoreline and the fringing reef) is also used for catching marine spe-
cies for consumption (Nordlund 2008). Seaweed farming has especially linkages to 
better food safety and enhanced standards of living (Tobey & Torell 2006) and it has 
enhanced the financial position of women in Zanzibar. According to an informant 
affiliated with the FMC Corporation, seaweed farming is directly affected by global 
warming and such phenomenon as El Niño in negative terms. Therefore, this activ-
ity as many other climate-sensitive livelihood strategies might come under strain and 
vulnerable due to the changing climate. In addition, fisheries might be affected in the 
future by, for example, predicted sea-level rise and changes in water temperature (Alu-
sa & Ogallo 1992). In other words, socio-economic sectors will be affected through 
physical changes in the environment (Nicholls et al. 2007). 

Water resources and availability might become constrained in the future. Aquifers in 
the eastern coralliferous limestone region of Zanzibar are recharged during the rainy 
seasons. The overflow discharges into the sea, which prevents intrusion of salt water. 
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If the discharge is reduced by drought or over-consumption, salt water intrusion into 
the aquifers can occur. Growing tourism is placing pressure on water resources espe-
cially in this region (Gössling 2001). Furthermore, the east coast of Zanzibar experi-
ences low rainfall and high evaporation, which is exacerbated by shifting (slash and 
burn) agriculture. The risk of salt water intrusion is further increased by the fact that 
the water table is close to sea-level; this creates a complex situation in which rainfall, 
deforestation, agriculture, tourism and sea-level rise all contribute to the threatening 
of underground water resources.

Tourism development is a strong factor influencing changes in many aspects, both 
positively and negatively. According to Lange (2009, forthcoming), there is no pub-
lic information on revenues from tourism taxes and fees being paid to the Zanzibar 
Government, but the overall contribution of tourism to the economy is estimated to be 
25% of GDP. However, only 20% of these revenues actually occur to local communi-
ties. ACRA (Italian NGO) together with Hands Across Borders Society (Canadian 
NGO) have also conducted several studies on the impact of tourism in the northern 
and southeast parts of Unguja. The studies show clearly that the communities are very 
concerned with such issues as solid waste management, children’s school absenteeism, 
land sales, cultural impacts and lack of employment in tourism (Kombo & ACRA 
2008; Open Dialogue Day…2008). These issues are similar to studies conducted in 
Matemwe and Kiwengwa (Mustelin 2007), which imply that in general tourism af-
fects not only the environment but also the social and cultural spheres of the local 
communities. The changes are significant also in terms of climate change impacts as, 
for instance, decreased access to natural resources does affect the level of vulnerabil-
ity and resilience within the communities. 

On Unguja, there are several other research activities currently on-going, in which 
further cooperation and the use of the results from this project could be of assistance. 
Institute of Marine Science (University of Dar es Salaam) conducts research on ma-
rine and coastal areas. They have also measured the sea-level in the past years and 
have conducted studies on coastal erosion and shoreline processes. Turku University, 
Department of Geography, carries research in Matemwe in the field of landscape ecol-
ogy, for instance, regarding social values in landscapes (Käyhkö et al. 2008). Com-
mission of Tourism conducts research on tourism’s effects in Kiwengwa and a large 
scale project, Marine and Coastal Environmental Management Project (MACEMP), 
funded by World Bank focuses on the management of environmental resources on 
Unguja. Western Indian Ocean Marine Science Association (WIOMSA) coordinates 
and acts as a forum for research through cooperating, disseminating information and 
organising research courses within the region. Colombia University together with the 
Institute of Marine Science has an on-going project, Environmental Accounting for 
Marine Ecosystems as a Tool to Promote Conservation, in which ecosystem values 
are nationally counted for Zanzibar. School for International Training (SIT) Zanzibar 
(affiliated with World Learning) organises research courses for international students 
on such issues as coastal erosion and ecology. Furthermore, a new NGO has been es-
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tablished, Zanzibar Beach Management Unit, which will focus on beach management 
and beach conservation in Unguja and Pemba. Thus, the initiatives within the field of 
environmental research are manifold in Zanzibar but closer cooperation and informa-
tion sharing would be needed between the different parties. 

2.4. Coastal forest buffer zones and climate change 

Integrated coastal management has become a vital part of the current adaptation and 
mitigation discussion as it is hoped to merge diverse interests and prove to be a viable 
tool for cooperation among stakeholders (Few et al. 2007; Nicholls 2007). However, 
coastal forest buffer zones as an adaptation measure are highly absent from this dis-
cussion as most existing practices only concentrate on hard and soft infrastructure 
options or retreat (Daniel & Abkowitz 2003; Phillips & Jones 2006). Physical struc-
tures, however, often aggravate coastal erosion and disturb the natural processes of 
sedimentation (McFadden 2007). Small islands have used such hard infrastructure in 
trying to protect their coastline as in the Samoan islands where the construction of 
seawalls have been identified as an adaptation measure to climate change (Sutherland 
et al. 2005). Nevertheless, hard structures require maintenance and are often costly in 
the long-term (Phillips & Jones 2006). 

Mitigation against the adverse impacts of climate change such as sea-level rise, in-
creased coastal erosion, increased storm surges, infrastructure destruction, and flood-
ing in Zanzibar is crucial. The establishment and maintenance of such mitigation 
measures are much needed because many villages and tourist developments are situ-
ated close to the beach and suffer the adverse impacts of wave action as reported by 
Boswell (2007) in BBC News. Dubi (2000) pointed out some important protective 
measures against coastal erosion such as dune restoration, afforestation, indigenous 
options (coconut leaf walls, stake walls, etc.), establishing set back zones, creating up-
land buffers, modification of land use and strict regulations of hazard zones. However, 
beach stabilisation and protection can only be functional if both beach and the land 
behind the beach are included in the management plan (Ramessur 2002). 

Often recreational beaches are maintained, and built areas adjacent to the beach are 
protected against wave attack and flooding, by constructing seawalls, breakwaters 
and groins (Middleton 1999; Conway & Nordstrom 2003). Such boundaries in the dy-
namic shoreline zone prevent natural flows and create new flows resulting in an altera-
tion in erosion and sedimentation patterns (Middleton 1999; Conway & Nordstrom 
2003). Seawalls in particular exacerbate shoreline erosion by reflecting wave energy 
(Beatly et al. 2002). Coastal vegetation, on the other hand, functions to prevent exces-
sive erosion by stabilizing beach sand (Lubke 1985; Avis 1989; Goudie & Viles 1997). 
Vegetation cover absorbs wave energy which otherwise erodes the beach, and there-
fore causes a decrease in erosion and offshore sedimentation (Türker et al. 2006). Fur-
thermore, vegetation plays a role in beach development as sand accumulates on the lee 
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of plants (Lubke 1985) and in this case, even narrow strips of vegetation can be very 
significant in trapping sediments. The importance of coastal vegetation as a protective 
barrier against the impacts of wave action was seen during the 26 December Indian 
Ocean tsunami, as coastal forests significantly reduced the height and velocity of the 
tsunami waves (Forbes et al. 2007). Mangrove forests and Casuarina stands in particu-
lar proved to be vital as coastal barriers (Danielsen et al. 2005). Casuarina plantations 
survived the 0,7 – 6,5 m above sea level tsunami waves, and thereby shielded adjacent 
settlements (Mascarenhas et al. 2007). 

Forbes et al. (2007) identified the width, density, and age and species composition of 
coastal forests as crucial factors in the mitigation of wave action. The width of for-
ests is an important factor in reducing wave energy, and as forest become narrower 
the undergrowth becomes increasingly important. Moderately dense forests proved 
to be most effective in the 2004 tsunami as they partly reflected and partly absorbed 
wave energy. The age of a forest refers to the diameter trees - an increase in diameter 
increases the strength of stems. And lastly, species composition refers to the vertical 
structure created by the roots, stems and foliage of different species (Forbes et al. 
2007). Furthermore, diversity (number of species) and complexity (number of interact-
ing species) contributes to the stability of an ecosystem, therefore reducing the vul-
nerability of an ecosystem against anthropogenic or natural impacts (Kikkawa et al. 
1986). It is therefore necessary, not only to establish a vegetation buffer on the beach 
front, but also to ensure the sustainability of vegetation extending further inland by 
means of reforestation and more sustainable methods of agriculture. 

In this research, coastal forest buffer zones are defined to be areas with high vulner-
ability to erosion and areas in need of vegetation cover. The coastal forest buffer zones 
in this research do not represent separate buffer zones which would cause relocations 
of structures or communities for that matter as, for instance, in Sri Lanka (see Ingram 
et al. 2006). The coastal forest buffer zone areas are identified based on fieldwork, a 
stakeholder seminar in Zanzibar and through further discussions with the communi-
ties. 
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3. Research questions and methods  
 

3. 1. Purpose and objectives

Purpose

The purpose of this research project is to establish sufficient knowledge of climate 
change related changes in the research area to motivate the stakeholders to come to-
gether to plan and implement joint environmental management. Thus it builds a bridge 
from scientific research activity to practical action.  This research focuses on the 
shoreline changes of the north-eastern coast of Zanzibar where spatial demands of the 
increasing population and international tourism create pressure on the environment,  
which is potentially further threatened by sea-level changes caused by climate change. 
A fundamental assumption motivating this research is that with a joint, planned and 
coordinated environmental management the adverse social and economic effects of 
these changes could be mitigated and rather turned positive. 

Objectives    

This research examines the current environmental state of the shoreline and the coastal 
strip of north-eastern Zanzibar and its change during the past 50 years. It further looks 
into the implications of these changes to local livelihood security, coastal biodiversity 
and infrastructure development.

The project identifies specifically vulnerable areas by compiling information of the 
coastal environmental changes. Specific focus is on coastal environments’ manage-
ment measures and a local management plan for coastal forest buffer zones. The project 
creates a participatory model for coastal buffer zone management planning, which in-
cludes all the stakeholders and is based on a situation and change analysis. The chosen 
approach reflects the current and past environmental change and the larger social and 
economic processes, which have accelerated such problems as deforestation.

This research does not represent a comprehensive study on national level but focuses 
specifically to study the north-east coast of Zanzibar. However, examples are used 
from other parts of Zanzibar based on existing literature and generalisations are made 
in what respect these are deemed viable. Although Zanzibar is comprised of two main 
islands, Unguja and Pemba, this research has concentrated on Unguja. 



26

TURKU UNIVERSITY DEPARTMENT OF GEOGRAPHY PUBLICATIONS B

Specific research questions 

- How is the shoreline changing in the eastern coast of Zanzibar? Other local/ 
 regional examples?
- What kind of vegetation is found on the shore and what is its current status?
- Which factors are contributing to shoreline erosion? 
- What practical measures should be taken? 
- What can be done to maintain the coastal forests?
- Which local species are best suited for creating and strengthening such   
 zones?
- Which areas are in need of tree planting and increased vegetation cover? 
- How can coastal forest buffer zones enhance local livelihoods?
- What kind of management plan is required for such zones? 

3.2. Data sets

Data sets

The primary data sets used for this research are either presented in Table 1 or derived 
from these (Table 1). Derived datasets comprise of stereo models, a digital elevation 
model (DEM), and shoreline data. The stereo models have been created from the aer-
ial photographs. The DEM were created by contour lines and point elevations from 
the 1:10000 topographic map as well as point elevations which have been manually 
selected from the stereo models. The shoreline data used has also been derived from 
the 1:10000 topographic map. All data sets used has been obtained or created by pre-
vious projects at, and are in  the possession of the University of Turku, Department 
of Geography as well as the Department of Commercial Crops, Fruit and Forestry in 
Zanzibar.

Data type Year Scale Source 
2004/5 1:25000 flight scale Department of Surveys and Urban Planning 
1989/90 1:25000 flight scale Photomap International Inc. 
1978 1:20000 flight scale Directorate of Overseas Surveys (DOS) 

Vertical aerial  
photograph 

1953 1:18000 flight scale Hunting AeroSurveys Ltd. 
Topographic map 1985 1:10000 DOS 
Wind data (monthly  
average speed and  
direction) 

1965 – 2005 N/A Tanzania Meteorological Agency 

 

Table 1. The primary data sets used in the research. 
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3. 3 Vegetation survey and GPS measurements

A vegetation survey was conducted in Matemwe, Pwani Mchangani and Kiwengwa 
within the boundaries of the research area between May and July 2008. The objective 
of this survey was to: 
- identify the tree species existing in the area
- classify the vegetation according to dominant species
- examine the species used by the communities based on the findings, make  
 suggestions regarding sustainable use and management of the vegetation

30 plots were sampled in areas of natural vegetation in the research area. Plots were se-
lected subjectively rather than randomly, in order to sample the least disturbed patches 
of vegetation. In the plots the following were observed and recorded:
• Species
• Species’ life form (e.g. tree, shrub, herb etc.)
• Species dominance
• Diameter at breast height (DBM) and height of all trees above 1,5m tall

The vegetation was statistically classified by means of Cluster Analysis. The purpose 
of Cluster Analysis is to group together sample plots with a similar species composi-
tion. First the similarity between the plots was calculated by using the Jaccard similar-
ity coefficient: 

100×
−+

=
CBA

CSC , 

where SC is the similarity coefficient, A is the total number of species in sample plot 
A, B is the total number of species in sample plot B and C is the total number of spe-
cies occurring in both plots A and B. After SC values were computed for every pair 
of sample plots, the two stands with the highest SC were plotted in a dendrogram. 
These two plots were then lumped into a new second-level plot and the SC values 
were again calculated for all sample plots. This process was repeated until all sample 
plots were clustered together in the dendrogram. The higher the value of SC the more 
similar two sample plots are. For example, an SC of 100 represents identity in species 
composition and an SC of 0, complete difference (Barbour et al. 1999). The purpose 
of this exercise was to establish the spatial correlation of plots with a similar species 
composition and thereby identifying patterns of vegetation types in the research area. 
Hierarchical Cluster Analysis and the resultant dendrogram is very effective for such 
interpretation because different levels of similarity or dissimilarity are shown clearly 
(Kent & Coker 2003).

Furthermore, the XY coordinates of hotel areas, recently cleared land, points of sig-
nificant erosion along the shoreline and stretches of natural beach vegetation were 
recorded with GPS (Garmin GPS60). These points were imported into ArcGIS 9.2 
where they were saved as shapefiles and used to aid in analyses. 
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3.4 Change analysis by means of aerial photography

Analysing vegetation changes from 1953 to 2003

The vertical aerial photographs of 1953, 1978, 1989 and 2004 are used as windows to 
analyze the continuous change process over the last half century in the research area. 
Firstly, land cover classes are created. In order to analyze changes, common nomina-
tors have to be selected, which can be easily identified in each of the four time layers. 
In the 2004 colour aerial photographs a great deal of detail in the landscape can be 
identified, however in the older black and white aerial photographs it is sometimes 
hard to differentiate even between dense and open vegetation. Therefore, crude classes 
are selected (which also simplified subsequent analyses) namely: i) continuous woody 
vegetation and, ii) open areas (including built areas) and fragmented vegetation. Con-
tinuous woody vegetation in this case refers to densely vegetated areas containing 
woody plants of substantial height (ca. 3m<). The second class is quite broad and con-
tains low shrubland, sparse or fragmented woodland and open areas (both vegetated 
and built). Areas belonging to the second class are mostly altered by agriculture. This 
classification differentiates areas useful for fuel wood and building material from ar-
eas which could provide little fuel wood or building material. 

The land cover classes are digitized from the aerial photographs into vector polygons 
in ArcGIS 9.2. The aerial photographs are also viewed in stereo to observe the height 
of vegetation. Separate data layers (shapefiles) are created for each time layer and then 
transformed into raster layers with a cell size of 10m. Raster layers facilitate map al-
gebra, which allows for the use of mathematical operations on individual cells values 
from two or more input layers to produce an output value (Heywood et al. 2002). The 
cell values of adjacent time layers are subtracted (Tx – Tx-1, where Tx is the raster 
layer at time x and Tx-1 is the raster layer temporally just before Tx) resulting in an 
output layer showing changes between the different time layers. Three such opera-
tions were performed resulting in three output layers indicating changes occurring 
during periods i) 1953 to 1978, ii) 1978 to 1989 and iii) 1989 to 2004, respectively. 
These output layers were then merged by means of addition after the pixel values were 
modified (multiplied by 1, 100 and 10000 for the respective output layers) to avoid in-
distinguishable classes in the merged output layer. The merged output layer was then 
visually interpreted.

Analyzing beach changes from 1953 to 2004

The accurate detection of shoreline position through remote sensing methods is prob-
lematic due to the dynamic nature of the coast. This is because of the short term influ-
ence of tides and the long term influence of relative sea level rise on the shoreline posi-
tion (Appeanding Addo et al. 2008). For this reason, in order to study the dynamics 
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along the shoreline, the changes along the beach edge (boundary between beach and 
vegetation/settlement) were examined against a fixed shoreline of the 1:10000 topo-
graphic map of 1985. A shift in the beach edge is a result of deforestation/reforestation 
processes caused by physical and anthropogenic processes such as wave action and 
hotel construction along the shoreline. 

Delineation of the beach edge was done from the four temporal sets of aerial photo-
graphs (1953, 1978, 1989 and 2004) in the same way continuous woody vegetation 
patches were delineated. Points were then created along these boundaries in 10 m 
intervals, and the distance from the shoreline calculated. These distances were plot-
ted on a graph for better visualisation of the changes between the different temporal 
layers.

3.5. GIS methods

Quantification of wave exposure 

Most waves are generated by the friction of wind on the water surface (Woodroffe 
2002; Ekebom et al. 2003; Tolvanen et al. 2005). The power which waves exert on the 
shoreline is related to the wind speed, wind duration and fetch length, which is the 
distance of open water over which wind blows uninterrupted by land (Ekebom et al. 
2003; Tolvanen et al. 2005). The exposure of a shoreline to wave action can be exam-
ined by calculating wave power for points along the shoreline.

Firstly, points were created along the research area shoreline in 1 km intervals. Each 
point was used as the origin of 8 straight lines – a line in each of the main wind direc-
tions. The lines were clipped at the nearest shoreline thereby determining the length 
of each fetch line. The length of each fetch line was calculated, and together with wind 
data, used to calculate wave activity. Fetch lines not intersecting the shoreline were 
considered as open sea i.e. infinite fetch length.

Wave exposure was calculated by applying the wave prediction method used by Eke-
bom et al. (2003), which is the same method described in the Shore Protection Manual 
of 1984 (Ekebom et al. 2003). The input for this method is fetch length, average wind 
speed for each direction and the frequencies of different wind directions. Wave height 
(Hm0) and peak spectral period (Tm) were calculated based on average wind speeds 
and fetch lengths:

   

Hm0 = 0,0183926U 1,1F0,45; 
 

Tm = 0,5591662U0,46F0,27, 
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where U is the wind speed (m/s) at 10 m elevation, and F is the fetch length (km). 
Maximum values of wave heights and periods of fully developed sea conditions were 
calculated for fetch lines of 10 km (infinite fetch):

Hm0 = 0,0341624U2; 
 

Tm = 0,810744U 

From Hm0 and Tm average wave energy (E) and wave power (P) were calculated as 
follows:

where ρ is the water density (kg/m3) and g the acceleration due to gravity.

P =  nEC0, 

 

where C0 (wave celerity) = gT/2π  ≈ 1,56T.

P was then multiplied by the probability of wind blowing from the direction of the fetch 
line, and the result of each fetch line, originating from the same point, was summed to 
compute the wave power for each point along the shoreline.

The wave exposure at four evenly distributed points along the study area coastline 
was calculated for the respective trade wind periods of the tropical Monsoon system. 
From April to October there is Southwest Monsoon or Kusi, and Northeast Monsoon 
or Kaskazi December to February. During November and March the wind direction is 
variable as there is a transition in the predominant wind direction.

Wave power was calculated in the same way as above, except that 48 fetch lines were 
created in 7,5º intervals radiating from each point. Again fetch lines not intersecting 
the shoreline were considered as open sea. The wave power at each of the four points 
was calculated as follows:

Pp = , 

 

where Pp is the wave power for point p,  the probability that wind blows from a 45° 
sector and Pi is the wave power in the direction of line/fetch i. As the angle between 
adjacent lines was 7,5° and each wind direction forms a 45° sector, the probability that 
the wind blows from the direction of a given line was 1/6 of the probability of the wind 
direction in question.

E = 1/16ρgH
2

m0, 
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Modelling sea-level rise

Sea-level at 2100 according to the Intergovernmental Panel for Climate Change (2007) 
is predicted to increase by 18 - 59 cm. This does not take into account uncertainties 
in climate-carbon cycle feedbacks nor the effects of changes in ice sheet flow. Consid-
ering a linear growth from the 1993-2003 rates, sea- level would rise is predicted to 
increase by an additional 10 – 20 cm. The effect of such increases in sea- level within 
the chosen research area was modelled by means of a Digital Elevation Model (DEM) 
showing areas inundated by 20, 40, 60 and 80cm sea-level rise. The input data for the 
DEM included contour lines and point elevation data from the 1:10000 topographic 
map of 1985 as well as point elevations manually selected from digital stereo models 
of the 2004 aerial photographs.

3.6. Interviews, questionnaire and discussions 
 
Interviews were used to collect data regarding perceptions on the coastal environ-
ment from stakeholders such as hotel managers, local leaders, fishermen, seaweed 
farmers and experts working at different governmental ministries. 58 persons were 
interviewed in community interviews and 35 persons regarding firewood collection, 
and 13 hotels were visited and interviewed (Figure 1). In addition, a questionnaire was 
sent to 60 hotels by email. 
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Figure 1. The numbers of respondents in different interviews in the research areas: in Ki-
wengwa, community interviews (n= 27), firewood collection (n= 15) and hotels (n=6); 
Matemwe, community interviews (n=22), firewood collection (n=10), and hotels (n=4), and 
Pwani Mchangani, community interviews (n= 9), firewood collection (n=10), and hotels 
(n=3). 
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The community interviews followed a semi-structured interview model in which 
keywords and key questions are predetermined (Appendix 1) but in which additional 
questions can be generated based on the respondent’s specific knowledge. In commu-
nity interviews, the respondents were chosen by the local leader (sheha) according to 
the requirements set by the researchers. Informants thus represent fishermen, seaweed 
farmers, teachers, village development committee members and village elders. Fish-
ermen and seaweed farmers were especially preferred as informants as they practice 
livelihoods in the intertidal area. Village elders were preferred because of their long-
term knowledge of the coastal environment and their intellect. The interviews were 
conducted in Kiswahili and translated to English. Geographically Pwani Mchangani 
is a much smaller administrative unit than Matemwe and Kiwengwa, where several 
sub villages were visited. This is reflected in the number of persons interviewed. 

Hotel managers were interviewed with a detailed questionnaire (Appendix 2) in an 
attempt to assess their awareness and knowledge of environmental changes and of 
current coastal management practices. At the middle of the fieldwork, however, Zan-
zibar experienced an electricity crisis which lasted more than a month. Therefore, the 
hotels were busy with urgent matters, such as customer care and obtaining generators, 
fuel and water. This interfered with the hotel interviews which were suspended and 
continued only when the crisis was over.

Prior to the fieldwork, an experiment was undertaken in which an email questionnaire 
was sent to most of the hotels in Zanzibar. The aim with the questionnaire was to gain 
information on environmental changes and hotels’ environmental activities before the 
actual interviews were to take place, and to assess, if this kind of data gathering is 
yet viable in Zanzibar.  It was hoped that the hotel managers would respond more ob-
jectively as the questionnaire came through email and consisted of simple questions. 
The questionnaire (Appendix 3) was accompanied by an introductory letter, which 
emphasized tourism’s role in coastal management and the main aims of this research. 
The initial project plan did not include this kind of questionnaire; however, some in-
teresting information was obtained through this method although the response was 
quite low (11,7 %).

Several key informants were interviewed separately regarding, for instance, invest-
ments in tourism, seaweed farming, and environmental management in Zanzibar. 
Interviews were conducted also at the Department of Environment, Department of 
Fisheries, Commission of Tourism, the Institute of Marine Science (University of Dar 
es Salaam), and the Western Indian Ocean Marine Science Association (WIOMSA). 
In addition, discussions took place with ACRA (an Italian NGO), which is involved in 
pro-poor tourism activities in Zanzibar and Zanzibar Association of Tourism Inves-
tors (ZATI). 
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3.7. Seminars

Information was also obtained and elaborated in seminars. An inception seminar was 
held in May 2008, which included participants from Tanzania Meteorological Agency, 
Institute of Marine Science (IMS), Department of Environment, Sustainable Man-
agement of Land and the Environment (SMOLE) (Finnish-Tanzanian development 
project), Commission of Tourism, Department of Commercial Crops, Fruit and For-
estry (DCCFF) and the University of Turku. The aim with the seminar was to present 
the planned fieldwork activities and to get a deeper scope of the current research con-
ducted on climate change issues in Zanzibar. Suggestions were also made regarding 
the research methodology and research questions of the project, which clearly en-
hanced the planned activities and the extent of contacts. Information sharing was an 
essential goal of the seminar as much research is conducted on similar issues but rarely 
becomes fully available for other researchers. 

Two seminars were organized in October 2008 to present and discuss the findings with 
the different stakeholders. One seminar was held with more or less the same partners 
as the inception seminar and the other with representatives from hotels, communities 
and NGOs.

3.8. Literature research 
 
Previous research regarding coastal management issues, climate change’s effects, and 
adaptation and mitigation measures in the context of developing countries, and re-
search regarding Zanzibar and Tanzania has been accessed through various sourc-
es. Particularly useful sources have been on-line article databases, such as Elsevier 
Science, Springer, and Taylor & Francis, which have numerous journals specifically 
focusing on coastal management and climate change issues. Grey literature in the 
Internet, such as unpublished research reports by NGOs and other groups have also 
highlighted different aspects of coastal management. Reports by ACRA and Hands 
Across Borders (NGOs) proved also very valuable sources in understanding the cur-
rent tourism development trends in Zanzibar. In addition, reports on coastal erosion 
from SIT Zanzibar and other reports from DCCFF and IMS were essential in under-
standing the environmental processes in the research area.

Research on coastal forest buffer zones as a climate change adaptation tool is a rela-
tively new area of research; therefore, the amount of current printed research literature 
on the subject is minimal. Practical measures for adaptation to climate change on 
coastal areas have not been considered in many articles. At policy level, the Intergov-
ernmental Panel for Climate Change (IPCC) and other bodies of international stand-
ing have, however, produced relevant documents regarding these issues although these 
are mainly in the form of general guidelines and not context specific recommendations 
as these needs to be always locale-specific.  
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4. Research area

4.1. Physical background of Unguja 

Unguja Island lies 40 km from the Tanzanian mainland just south of the equator (5° - 
6° S and 39°E). The island is 85 km long (N – S) and 39 km wide (E –W) with an area 
of 1660 km2 and the highest point reaches about 120 m above sea-level. The Zanzi-
bar archipelago, to which Unguja Island belongs, originated several million years ago 
(during the lower Miocene) as a delta, which formed by the sediment discharge of the 
Ruvu and Rufigi rivers (Hettige 1990). These sediments exist as limestone in the west-
ern part (Masingini Ridge) of Unguja. During the Quaternary (< 2, 5 millions year 
B.P.) the limestone deposits were flanked by coral deposits which expanded eastward, 
towards the ocean. The present day Zanzibar was further shaped by tectonic uplift and 
block faulting processes during the Pleistocene (1-2 million years B.P.) as well as sea 
level changes (Kent et al. 1971; Hettige 1990).

Due to the underlying geomorphology, Unguja has two distinct landscapes: i) the 
western deep soil region and ii) the eastern coral rag region. The western part of the 
island is characterized by elevated, undulating terrain with deep sandy soil. The east-
ern part of the island is characterised by a succession of cliffs with interleaved terraces 
descending in a stepwise manner from an elevation of ca. 40 m down to sea-level and 
continuing off-shore (Klein & Käyhkö 2008). The soil on the coral rag region is very 
shallow and underdeveloped in most parts. Closer to the coast, soil consist merely of 
coralliferous limestone fragments and organic matter (Klein 2008). 

The climate is humid tropical with mean annual maximum and minimum tempera-
tures of 29,3°C and 21,1°C respectively and an average annual rainfall of 1600 mm. 
There is a large variation in precipitation, varying between 1100 mm in the east to over 
2000 mm over the higher elevations in the west. Rainfall occurs in a bimodal pattern 
with masika from March to June, and vuli from October to December. In the western 
deep soil region masika accounts for half of the annual rainfall and vuli a third. In the 
coral rag region masika contributes two thirds and vuli a quarter (Klein 2008).

The environment has been heavily altered by anthropogenic influences leaving only 
small patches of natural landscape in protected areas. Krain (1998) describes three 
distinct “agro-ecological” zones in Zanzibar: i) coral rag area ii) plantation area and 
iii) hydromorphic valleys. The coral rag area contains shifting cultivation and fallow 
systems. The practice of shifting cultivation involves clearing vegetation by slashing 
and burning it during the dry season and cultivating it during the wet season (Kombo 
& Kitwana 1997). The plantation area is situated in the western part of the island and 
comprises monocropping of plantation crops such as fruit trees, clove trees and coco-
nut palms as well as mixed cropping of fruit trees and annual crops. Hydromorphic 
valleys refer to areas containing clay soil and where rice is cultivated.
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The research area is situated in the coral rag region, along the NE coast of Unguja 1 
km inland and includes Kiwengwa, Pwani Mchangani and Matemwe shehias (Figure 
2). In the southern part of the research area is the Kiwengwa-Pongwe forest area which 
is situated close to the villages in Kiwengwa. This is the best preserved coral rag for-
est in the northern part of Unguja (Käyhkö et al. 2008) in which wood harvesting is 
prohibited by law. Kiwengwa and Matemwe experience a blooming tourism industry 
which creates new livelihood opportunities and immigration (mostly from mainland 
Tanzania and Kenya) but at the same time decreases the availability of agricultural 
land and housing (Mustelin 2007).

Figure 2. The location of the research area and the sub villages. 



37

MUSTELIN et al.

4.2. Coastal vegetation, its use and extent

Coastal vegetation consists of plants tolerant to bi-monthly spring tide immersion, and 
is normally important in stabilizing beach sand (Richmond 2007). Several such spe-
cies in Zanzibar have adapted to the beach environment. Ipomoea pes-caprae (goat’s 
foot creeper) is an important dune stabilizing creeper occurring naturally in Zanzibar, 
which forms interwoven mats on the beach front (Richmond 2007). Scaevola sericea is 
also a common beach species along the Zanzibar coast (and to a lesser extent Scaevola 
plumieri). Pandunus sp. is particularly effective as a coastal barrier with its stilt roots 
and dense foliage absorbing and reflecting wave energy (Forbes et al. 2007). Other 
tree/shrub species which occur in close proximity to the beach include Guettarda spe-
ciosa, Grewia mollis, Terminalia cattapa, Dodnea viscosa, and Sideroxlylon inerme. 

The vegetation further inland in the Kiwengwa region was classified into different 
types, which has formed due to disturbances (DCCFF 2004). On the outer edge of the 
Kiwengwa-Pongwe forest, in close proximity to the road is mixed thickets which has 
an average height of about 7 m and is selectively cleared, presumably for fuel wood 
by nearby villages. Further inland is low coral rag vegetation, which is 8 – 12 meters 
high, sometimes alternating with high coral rag vegetation. The latter occurs in the 
middle of the Kiwengwa-Pongwe forest and reaches a height of 15 – 20 meters and 
tree diameter at breast height is up to 30 cm. Outside the Kiwengwa-Pongwe forest 
area there is shrubland, where shifting agriculture is practiced, as well as open patches 
cleared by fire, which are dominated by pioneer species. 

The Kiwengwa-Pongwe forest remains the last patch of forest that represents the bio-
diversity of the area (DCCFF 2004); however, even the Kiwengwa-Pongwe forest re-
serve is experiencing more and more pressure. Beentje (1990) identified the vegetation 
in the Pongwe region as dry evergreen bushland and identified the species growing in 
this region. Table 2 contains a list of the common tree species and their uses. There 
are species which occur in the northern part of Kiwengwa and not the southern part, 
such as Teclea simplicifolia, Grewia spp. Syzygium cumini, Blighia unijugata and 
Bysocarpus [sic] orientalis (DCCFF 2004).

The most common use for wood in Zanzibar is fuel, but plants are also used for con-
struction, food and medicine. Kiwengwa and Matwemwe still rely heavily on wood for 
fuel and environmental deterioration can be detected, which is caused by heavy utili-
zation of the natural vegetation. In Matemwe, access to wood has become constrained; 
this has forced people to buy wood collected from Kiwengwa, sometimes illegally 
from the Kiwengwa Pongwe forest reserve. The most common species used for fire 
wood in Kiwengwa are Rhus natalensis, Olea woodiana and Macphersonia gracilis. In 
Matemwe, the most preferred choices are Psiadia arabica, Macphersonia gracilis and 
Flueggia virosa. Other species in the region used for firewood include Maytenus mos-
sambicensis, Terminalia boivinii, Eugenia capensis, Ficus sp., Dichrostachys cinerea, 
Suregada zanzibarensis and Ozoroa obovata (Orjala 2006). 
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Botanical name Swahili name Common use 
Common trees   
Diospyros consolatae Mkururu  
Macphersonia gracilis Mjoma Fuel wood, medicinal (malaria) 
Mystroxylon aethiopicum Mlimbo  
Sideroxylon inerme Mkoko bara Medicinal (stomach ache) 
Terminalia boivinii Mkunguni Fuel wood 
 

Other trees   
Apodytes dimidiate Muwongoti  
Encephalartos hildebrandtii Mgwede  
Lannea schweinfurthii Muumbu  
Maytenus mossambicensis Mnusi Fuel wood, medicinal (stomach ache, fever) 
Mimusops obtusifolia Mjewu/Mukuvuu  
Ozoroa obovata Mng’ombe Fuel wood, medicinal 
Strychnos madagascariensis   
Ziziphus mucronata  Medicinal 
 

Table 2: Common and some other tree species occurring in the Kiwengwa region. 

4.3. Shoreline structure and coastal erosion  

The coastal platform in Zanzibar stretches from the coral reef landward to a cliff, with 
an undercut 2 – 3 m above the mean high water, or beach ridge plain 2 – 3 meters 
above the mean high water. The stability of the beach ridge plain depends on equilib-
rium between sediment supply and sediment loss in which case natural erosion occurs 
by changes in the prevailing conditions of sedimentation along the shore on annual 
to decadal timescales. The beaches on the east coast of Unguja are characterized by 
sand ridges up to 1 meter high situated parallel to the shore. Although losses of beach 
sediment are subject to temporal variation, presently it appears to be exacerbated by 
climate change, coastal storms and anthropogenic alterations to the shoreline (Odada 
1993; Arthurton 1999). 

Zanzibar experiences two especially high peaks of monthly sea-level during the 
transition months (March/April and October/November) due to steric effect, current 
and wind regime (Francis et al. 2001; Dubi 2000). The East African Coastal Current 
(EACC) prevails along the East African coast and comprises two alternating seasons 
(Dubi 2000), which result in a natural pattern of beach erosion and sedimentation 
(Odada 1993). The southeast is from April to October (kusi) and is characterized by 
strong winds and significant beach erosion. The northeast is from December to Feb-
ruary (kaskazi) and is a period of beach sedimentation. The EACC moves northward 
throughout year, and is accelerated during the southerly monsoons and retarded by the 
northerly monsoons (Newell 1957). A relative enhancement of the northeast monsoon 
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over the last few decades may have initiated and maintained a net southward or south-
westward drift along the northeast coast of Zanzibar (Odada 1993).

The position of the shoreline shifts with time as a result of natural and anthropogenic 
processes. Accretion is when the position shifts seaward due to sediment supply, and 
erosion is the opposite, when the sea advances landward (Dubi 2000; Beatly et al. 
2002). In East Africa, coastal erosion is a common problem damaging infrastructure 
and threatening tourism (Odada 1993). Nyandwi (2001) identified four human induced 
activities contributing to coastal erosion in Tanzania: i) Obstruction of sediment and/
or water flow by beach structures, ii) removal of beach material, iii) removal of pro-
tection against wave activity and iv) poor planning. In Zanzibar, erosion occurs along 
more than 60 km of coastline (Shufaa & Betlem 1996) and is noteworthy in Maruhubi, 
Nungwi, Paje and Jambiani where structures such as sea walls and jetties have accel-
erated erosion causing loss of land up to 10 m in width (Dubi 2000; Nyandwi 2001). 
Walls increase erosion due to wave reflection and jetties (and other structures placed 
perpendicular to the beach) impede longshore sediment transport, accelerating erosion 
(Shaghude et al. forthcoming, Nyandwi 2001, Odada 1993). 

Removal of beach sand for construction results in significant land losses. In Unguja 
Ukuu a land loss of about 5 meters over a period of two years occurred due to sand 
mining. Sand mining is a common feature in both Tanzania and Zanzibar; the beach 
sand is used for construction purposes such as roads and infrastructure and is often 
illegally mined (Masalu 2002). The protective properties of coastal vegetation are thus 
important and the removal of such buffer zones results in increased erosion. Poor 
planning refers mostly to the construction of hotels too close to the beach (Shaghude 
et al. forthcoming, Nyandwi 2001).  Odada (1993) sketches a common scenario in East 
Africa in which a building is constructed close to the beach, when erosion occurs, 
short term remedies, such as walls, are used to prevent erosion. Due to the temporary 
success, more buildings are built, however erosion continues at a faster rate. This end-
less cycle makes beach stabilization and erosion cessation increasingly difficult and 
expensive.
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5. Shoreline and the environment: past, present and future

5.1. Shoreline and environmental changes over the last 50 years     
         

There have been extensive changes in the vegetation structure in the research area 
over the last half century (Figure 3). Different patterns of changes can be recognized 
in different areas. In the southern part of the research area, between Pongwe and 
Cairo, most of the vegetation clearance has taken place over the last 20 years in the 
narrow strip between the Kiwengwa-Pongwe forests and the coast. This strip of land 
seems to experience considerable pressure due to restrictions on wood collection in 
the adjacent forest reserve. The black lined polygons in figure 3 show areas which have 
been cleared in 2008 through shifting cultivation (Figure 4). Furthermore, there are 
also many patches between Pongwe and Kumbaurembo that were being cleared dur-
ing fieldwork in May – June 2008 which are not represented in figure 3. In the vicinity 
around Cairo village, vegetation clearance shows a pattern of continuous expansion 
over the last 50 years with very little land being reforested.

Another distinct pattern occurs between Cairo and Pwani Mchangani. This is an area 
of vegetation regeneration, where a large part of the land has been cleared at some 
point in the past, presumably for agriculture. Some patches in this area have again 
been cleared in 2008. The area between Pwani Mchangani and Tundagaa seems to be 
a very dynamic environment, perhaps typical for a shifting agricultural landscape. To-
wards the sea there is a net decrease in woody vegetation cover, however further inland 
there seems to be equilibrium between forestation and clearance, which might indicate 
a sustainable agricultural system. The area in Matemwe shehia North of Tundagaa has 
contained fairly open and/or fragmented vegetation cover since the 1950s and possibly 
before.

The communities’ perceptions of the changes on the coast varied somewhat between 
the research villages (Figure 5). Sea rising in this case means that the sea extends 
further inland, a concern which was the most cited in all areas. Many informants said 
they had seen the waves rising and falling unexpectedly during the tsunami in 2004. 
This phenomenon was related to a religious view in that the unusual wave action was 
God’s hand at work. In addition, the rising sea was also said to be the will of God and 
therefore nothing could be done about it. According to Reading et al. (1995), this is a 
traditional view, which leaves human-influence out of the factors explaining the envi-
ronmental changes or natural hazards but refers to divine forces instead. 
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Figure 3. The changes in vegetation structure that have occurred in the research area over 
the last half century.
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      Figure 4. An example of a recently cleared area.
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Figure 5. The noticed changes in the coastal environments according to the informants in 
Kiwengwa (n= 27), Matemwe (n= 22) and Pwani Mchangani (n= 9). 
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The informants from different village areas differ in their responses regarding the 
observations of environmental changes. Sea rising is mostly cited in the Kiwengwa 
and Matemwe areas, whereas vegetation loss and weaker waves are mentioned most 
commonly in Pwani Mchangani. What is somewhat unexpected is the observation of 
wave activity in all of the research areas; the informants have conflicting perceptions 
whether the waves have become weaker or stronger. Especially in Pwani Mchangani, 
the wave activity is perceived to be weaker by the majority of the informants. How-
ever, in Matemwe, the informants have equally cited stronger and weaker waves. This 
would need to be further investigated. 

When asked about the timeframe of environmental changes during the last 20-30 
years, the majority of the respondents noted that the beach area has moved inland. 
20-30 years ago one could not see the villages from the beach due to the dense coastal 
vegetation. However, nowadays there are very few trees left on the coast and the vil-
lages can be clearly seen from the beach as the vegetation cover has decreased. In ad-
dition, waves flood those villages each year, which are situated right next to the beach. 
A mosque situated adjacent to the beach in Cairo village was eroded away by waves; 
this was noted in both community and hotel interviews. The indigenous vegetation 
can be seen in conserved areas, such as graveyards (Figure 6) where the vegetation 
cover is still thick enough so that one cannot see inland through the vegetation. The 
shoreline retreat was estimated to be 20-30 meters inland during the past 15 years. In 
addition, trees have fallen due to aggravated erosion in some sites. 

      Figure 6. Graveyard area with thick vegetation in Matemwe 
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Significant changes have taken place along the boundary between beach and land 
in Kiwengwa and Matemwe (Figure 7). The x axis in each graph is the distance in 
decameters from the southern points of the two respective beaches shown in the index 
map of the figure. The y axis is the distance in meters of the beach edge from the fixed 
shoreline, derived from the 1985 1:10000 topographic map. Each line in the graph 
represents the shoreline of one of the four time periods. The legend in the figure shows 
which line represents which year. So, the four lines in the graph can be interpreted as a 
spatial representation of the beach edge of the four time periods in which the distortion 
of scale should be taken into account. It is clear that the beach edge has shifted back 
and forth over the last half century. The nature of the current shoreline is indicated at 
the top of each graph, i.e. whether the shoreline is occupied by settlements, hotels or 
vegetation. Therefore one should keep in mind that these features should actually be 
positioned on the dark blue line in the graph (beach edge of 2004).

Beaches in the study area lie adjacent to villages, hotel areas, natural beach vegetation, 
or other vegetation such as coconut and Casuarina plantations. Most hotel develop-
ments along the shoreline have taken place after 1989. The effect of these develop-
ments can be seen by the significant inland shift of the 2004 beach edge (dark blue 
line). It is common for hotels to clear natural beach vegetation in front of the hotel area 
causing the beach to encroach inland as can be seen at hotel areas in Kumbaurembo, 
Gulioni, and the area between Cairo and Pwani Mchangani. Natural beach vegetation 
prevents excessive erosion; therefore where natural beach vegetation grows the beach 
does not encroach inland. In the graphs of figure x4 this can be seen especially along 
the shoreline in Matemwe: the beach edge does not show a pattern of encroaching, but 
instead the beach edge of 2004 has receded since 1978 and 1989. In the case of coastal 
villages such as Gulioni, Cairo and Pwani Mchangani, the beach edge moves seaward 
over time. In other words, the villages push the beach edge seaward by building too 
close to the shoreline. In Pwani Mchangani the 2004 beach edge has been pushed 
beyond the 1985 shoreline. This could imply a problematic situation in which villages 
may suffer from severe wave attack, erosion and flooding. With an increasing tourist 
industry, construction such as curio shops and hotels expand onto the beach which 
makes it vulnerable to destruction by the sea.

An interesting notion was made in Matemwe regarding the intertidal zone and the 
environmental changes. It was said that 20-30 years ago the intertidal zone was much 
deeper and an adult could not walk all the way to the reef during the low tide, whereas 
now even a young child can. The increase in intertidal sediment has been noted in sev-
eral interviews especially in Matemwe area. This could have an effect on the long-run 
on those livelihood activities directly dependent on the intertidal zone.
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Figure 7. The changes along the boundary between beach and land in Kiwengwa and 
Matemwe. 
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5.2. Factors causing the change 

Annual wave exposure values are fairly homogenous in the research area with a few 
exceptions at sheltered shores in the southern part (Figure 8). This is not surprising, as 
the shoreline faces open sea and is fairly straight and even. Seasonal wave exposure 
values, however, correspond with predominant wind direction: From April to Octo-
ber when southern and south-eastern winds prevail, shorelines open to those direc-
tions experience highest wave exposure, and the same is the case during December to 
February when northern and north-eastern winds cause higher wave exposure values 
on shores open to those directions. The highest wave exposure values, and therefore 
highest wave power on the shoreline, are in the northern half of the research area 
during April to October. Therefore, should pressure on the shoreline in the Matemwe 
region increase, this area could suffer from severe erosion from the strong wave at-
tack. Already there are accounts of destruction caused by wave action in Matemwe as 
reported by BBC News 13.12.2007. However, the wave exposure values should not be 
interpreted as absolute, as the method did not take into account tidal action, long shore 
currents and the buffering effect of coral reefs.

Factors identified to accelerate beach erosion, in Zanzibar, are sand extraction from the 
beach, cutting of mangroves, building seawalls and jetties, and building infrastructure 
too close to the high watermark (Nyandwi 2001). The regulation not to build inside 
30 meters from the high watermark is poorly observed and not seriously enforced. 
These are human-induced problems, which most often have led to aggravated erosion 
rates instead of protecting the shore. If hotels wish to build such coastal structures as, 
for instance, jetties, they need to apply for permission and the Commission of Tour-
ism will also be involved in the procedure. However, according to the Commission 
of Tourism, such cases have taken place where hotels have independently built jetties 
with no permission.

Population growth was remarked to cause the most pressure on the environment as 
people need to use the forests for their livelihoods. Vegetation loss was attributed to 
people cutting trees for firewood, fish traps and clearing the land for farming. Many 
wood collection points are situated outside the research area some distance from the 
villages (Figure 9); furthermore, a significant number of wood collection points are 
situated in the Kiwengwa-Pongwe forest reserve. Wood collection within this area is 
illegal; however, informants pointed out that they have no choice but to collect from 
the forest reserve. The small strip of land between the forest reserve and the sea in Ki-
wengwa cannot sustain the wood demand of the area, and the vegetation in Matemwe 
consists mostly of shrubs, forcing more and more people to collect food from the for-
est reserve. In addition, hotels were said to cut trees and clear other vegetation as well 
leading to large-scale erosion. At one research site, a hotel had first cut all the natural 
vegetation from the beach front and then planted there exotic casuarinas (Casuarina 
equisitifolia), which is said to function well as buffers further inland from the beach 
but not as the first beach front species. 
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Figure 9. The areas for firewood collection as identified based on the interview data. 
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Another concern when building infrastructure too close to the sea, is the predicted 
sea-level rise (Figure 10). With the current coastline topography, Pongwe, Kiwengwa 
and Pwani Mchangani beach areas will be affected even by small increases in sea-
level (Figure 10). For instance, a sea-level rise of 20 cm will flood the entire village of 
Pongwe and beach fronts along the Kiwengwa and Pwani Mchangani shoreline. The 
accuracy of the DEM is, of course, a limitation when modelling changes of tens of cen-
timetres. However, low-lying beach areas are generally at risk as even minor changes 
in sea level can have significant local effects. During field work in May – June 2008 it 
was observed that the beach slope in Matemwe is steeper than the beach slope in Ki-
wengwa. Furthermore, signs of significant erosion, such as the exposure of tree roots, 
damage to constructions and remnants of washed-away constructions were far less in 
Matemwe than further South. Therefore, despite the inaccuracies in the DEM, the sea-
level rise prediction model nevertheless presents some realistic outcomes. Although 
the maximum sea-level rise prediction of the IPCC (2007) rarely extends more than 
100m inland, flooding of this extent will cause major implications to the local village 
communities and to the tourist industry. The beach sand lost by sand mining as well 
as excessive erosion caused by deforestation only exacerbates the future impacts of the 
predicted sea-level rise, which is why practical measures are needed to strengthen the 
coastal environment. 

                
5.3. Vegetation analysis and identification of species              

A total of 115 species were observed in the research area of which 108 species were 
identified by both scientific and local names and 7 species only by local names. This 
is 60% more species compared to an earlier survey carried out by Additon (2004) and 
DCCFF (2004). This may be due to the degeneration of the natural forest resulting in 
more pioneer and herb species to establish in the area.

A total of 64 tree species were identified in the research area. The most common spe-
cies in terms of presence in sample plots and abundance are Eugenia capensis and 
Polysphaeria parvifolia. In Kiwengwa, Macphersonia gracilis and Euclea natalensis 
are also very common, which is not the case in Matemwe. Based on the field sur-
vey, other common tree species and species found exclusively in either Kiwengwa or 
Matemwe were recognised (Table 2).

It was found that the research area is seriously affected by deforestation caused by 
the heavy wood demand. Many species identified by Beentje (1990) occurring in the 
Kiwengwa Pongwe area did not occur or occurred seldom in the 20 plots sampled 
in 2008 in the Kiwengwa Pongwe area. Diospyros consolate, Mystroxylon aethiopi-
cum, Sideroxylon inerme and Terminalia boivinii, all identified as common species 
in the area by Beentje (1990), occurred in less than 50% of the sample plots in 2008. 
Other species identified by Beentje (1990) occurring in the region such as Lannea 
schweinforthii and Ziziphus mucronata were not found in any of the 20 sample plots 
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Figure 10. Sea-level rise model according to the Intergovernmental Panel on Climate Change’s 
predictions in 2007. 



52

TURKU UNIVERSITY DEPARTMENT OF GEOGRAPHY PUBLICATIONS B

Table 2. Dominant and exclusive tree species in Kiwengwa and Matemwe.

Kiwengwa Matemwe 
Dominant tree species 
Macphersonia gracilis Eugenia capensis 
Eugenia capensis Polyshaeria parvifolia 
Polyshaeria parvifolia  
Euclea natalensis  
Other common tree species 
Diospyros consulate Dodonea viscose 
 Sideroxylon inerme 
Exclusive tree species 
Maytenus mossambicensis Psychotria goetzei 
Mystroxylon aethiopicum  
Terminalia boivinii  
Euclea racemoca  
Harrisonia abyssinica  
 

in 2008. Also Vernonia zanzibarensis (mtumbaku mwitu) had been among the tree 
species found in the previous studies of Additon (2004) and DCCFF (2004) which was 
not found in 2008. Furthermore, Olea woodiana, Rapanaea melanophloes, Pittospo-
rum viviridoflorum and Grewia bircola are useful species to the communities, but are 
gradually disappearing from the area.

Common firewood species in Kiwengwa such as Rhus natalensis and Olea woodiana 
(Orjala 2006) were not common in the sample plots; the latter only occurred in one 
sample plot. In Matemwe the most common species used for firewood are Psiadia 
arabica, Macphersonia gracilis and Flueggia virosa (Orjala 2006) all of which occur 
in only a few sample plots.

The dendrogram (Figure 11) shows the levels of assemblages of vegetation sample 
plots based on the Jaccard similarity coefficient. A similarity coefficient of 30 was 
chosen as the threshold for identifying clusters of similar sample plots. Four clusters 
with similarity coefficients higher than 30 were identified (Table 3). Figure 12 shows 
the location of the vegetation sample plots as well as to which cluster it belongs. It is 
clear from this map that the vegetation sample plots within the clusters are not spa-
tially correlated. Sample plots in Cluster 3 occur in close proximity to the beach in 
Matemwe, but the plots from the remaining 3 clusters are scattered and located among 
each other. It was therefore not possible to identify different vegetation types within 
the study area. 
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Figure 11. The dendrogram showing different vegetation clusters. 
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Cluster I: Cluster II: Cluster III: Cluster IV:
Kiwengwa Kiwengwa Matemwe Kiwengwa & Pwani Mchangani

Plots: 8,15, 16, 1, 17, 25 Plots: 7, 13, 11, 14 Plot: 4, 26, 27 Plots: 21, 30, 18, 23
Euclea natalensis Cyphostemma njegerre Clerodendrum glabrum Euclea natalensis
Eugenia capensis Diospyros consolate Diospyros consulate Macphersonia gracilis
Macphersonia gracilis Eugenia capensis Euclea schimperi Rhus natalensis
Maytenus mossambicensis Macphersonia gracilis Eugenia capensis Suregada zanzibariensis
Polyshaeria parvifolia Mystroxylon aethiopicum Pandanus kirkii Terminalia boivinii
Synaptolepis kirkii Rawsonia lucida Synaptolepis kirkii

Asparagus africanus

Table 3. The species as identified in the cluster analysis. 

Figure 12. The vegetation sample plots as identified and assessed in the research. 
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5.4. Stakeholder observations and interpretations

Hotels are said to have their own plans for the use and maintenance of the coast but 
coastal management plans in general are non-existent. The interviewed informants in 
hotel industry have quite similar views on most of the issues although differences also 
exist (Figure 13). Environmental plan (1) relates to the question whether hotels envi-
ronmental management plan which they use as a guideline. Coastal management plan 
(2) relates to a question whether the informants think coastal management plans would 
be necessary for all hotels. On the question of environmental restrictions (3), answers 
are more conflicting, which could imply that the general environmental regulations 
are not well-known. Cooperation with the communities (4) is acknowledged by all, 
whereas the majority has observed environmental changes (5) in the area. 
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Figure 13. The answers to the statistical questionnaire as given by the interviewed hotel man-
agers and staff in the Kiwengwa (n=6) and Matemwe (n=4) area. The numbers correspond to 
questions in the following order: 1= Environmental Plan, 2= Coastal Plan, 3= Environmental 
restrictions, 4= Community Cooperation, 5= Environmental Changes, 6= Hotel’s environ-
mental impact, 7= Customers’ environmental concerns, 8= Personal concern regarding cli-
mate change, and 9= Adverse effects of climate change. 

Hotels’ impacts on the environment (6) are considered to be mostly positive by the 
managers, especially regarding tree planting and landscaping activities. These posi-
tive actions are further narrowed down to replanting of trees, maintaining the exist-
ing vegetation, distributing environmentally friendly information to tourists, using 
ecological technologies (such as grey water treatment, solar energy and recycling) and 
cooperating with the village communities. Customers’ environmental concerns (7) are 
considered in a similar manner although a slight majority of the managers think that 
as tourists are only on a holiday, they do not show interest in local environmental is-
sues. However, some managers cite that tourists are nowadays environmentally aware. 
Majority of the informants are concerned of the predicted impacts of climate change 
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(8) and they perceive the probability that it can have adverse effects (9) on the tourism 
industry in Zanzibar in the future.

Some managers acknowledge also the role that media has in tourism meaning that 
negative coverage will lead to fewer tourist arrivals. The informants list several other 
concerns that they have regarding negative impacts on Zanzibar’s tourism industry as 
follows: 

               

Concerns by tourism industry regarding climate change

Negative international media coverage due to hazards
Environmental change= reduced attractiveness 
Sea-level rise 
Tsunami 
Global warming 
Ozone depletion 
Changes in sea life (big game fishing+coral reefs) 

It was observed, however, that hotels also enhance coastal erosion by clearing vegeta-
tion adjacent to the beach and taking sand from the beach (Figure 14); this was also 
noted both in community and expert interviews. Nevertheless, some hotels, such as 
Fairmont Zanzibar in Matemwe, have left indigenous vegetation buffer zones (Figure 
15) and have experienced less erosion problems.
                
Hotel managers were also asked to evaluate whether they perceive to have cooperation 
with the local communities and in which ways this cooperation takes place (Figure 
16). The lack of education and language capabilities are mentioned to be a problem 
in employing staff from Zanzibar. Local employment in hotels usually means manual 
jobs such as cleaning the beach, gardening or other cleaning activities. Some hotels 
have provided communities with tapped water, electricity, improved roads, and public 
buildings such as schools and mosques. The enhanced infrastructure is also noted by 
Muhando et al. (2001), who include also seaports, airports and roads, which have re-
ceived clear improvements due to tourism. The column other relates to such activities 
as buying local food produce from the communities. The amount of hotels buying lo-
cal produce seems low. The managers mentioned that they would buy more products, 
especially food and fruits, if these were daily available and of good quality. There are 
plans in the private sector to start projects supporting and creating supply chains for 
agricultural produce between communities and hotels. 
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Figure 14. Some hotels take sand from the beach to hotel areas in order to create sandy 
pathways.

Figure 15. The hotel has not cleared the vegetation but left buffer zones to stabilise the 
beach. 
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Figure 16. Hotels’ views on cooperation with the local communities. The mentioned issues are 
the services or benefits that the hotels are providing to the communities they cooperate with 
(n= 13). 

During the community interviews rainfall and the offshore coastal environment were 
also discussed. The majority of the informants report having noticed changes in the 
bi-annual rain seasons (Figure 17). Especially masika season is said to have become 
very irregular. Previously masika would be constant rain for weeks without any sunny 
days in between. However, now masika would stop for a few days and the sun could 
be seen as well. Vuli, on the other hand, is said to be very weak and to have almost 
disappeared. It might be too early to say whether the changing rain seasons have in 
actual fact changed as the response by the informants would indicate. This is because 
climate should be measured in 30 year intervals in order to depict real and permanent 
changes as noted by the director of the Tanzania Meteorological Agency, Zanzibar 
Section. Nevertheless, the decreased rainfall is already having impacts on the rural 
livelihoods as plants do not grow in their usual pace. It would be most dramatic to the 
population if the changing climate would have adverse implications to the subsistence 
farming since this is currently the most important local livelihood.  

When the changes in rain seasons were discussed, few informants noted the weather 
to have become warmer; for example, during the fieldwork (May-June) was supposed 
to be winter time in Zanzibar but the temperatures were much warmer than usual. 
This upward trend in the warming is also noted in Tanzania’s NAPA, which gives 
a regional indication of the weather trends. The teachers in Matemwe noted that the 
changes in the rain seasons have affected the growing seasons negatively; due to less 
rain, “nothing is growing as supposed to”. 
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Figure 17. The perceptions on changes in the rain seasons by the informants (Kiwengwa n= 
27, Matemwe n=22, and Pwani Mchangani n= 9). 
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According to the Department of Fisheries, coral reefs are also currently under con-
tinuous stress due to increased fishing and tourism activities in Zanzibar. The reef 
at Mnemba atoll is still in a good condition. However, since most of the snorkelling 
trips offered to tourists in the eastern coast use Mnemba, the reef is continuously dis-
turbed. In addition, only 10 % of the interviewed tourism operators said that they have 
adequate tourism guidelines for reef behaviour. Moreover, in community interviews 
the fishermen noted that people break the coral reef with destructive fishing gear and 
the damaged reef exhibits less fish species than previously. In addition, some parts of 
the fringing reef had become covered by sand, which was linked to increased coastal 
erosion. The health of coral reefs is not only important from a livelihood perspec-
tive (fishing) but also from the perspective of tourism; healthy reefs as functioning 
ecosystems carry more value in tourism and their degradation can thus have negative 
consequences in that aspect (Mimura et al. 2007). As Payet & Obura (2004) have also 
noted, degraded ecosystems produce vulnerabilities especially among communities 
which finally translate into health and social costs. 

Environmental changes observed by hotels are also noted regarding, for instance, the 
intertidal zone. One investor noted that the amount of sea urchins (Figure 18) has 
increased during the last years as local people have been catching the trigger fish spe-
cies, which is the natural predator of sea urchins. As hotels are supposed to guarantee 
a safe environment for their customers, some of them have began collecting sea ur-
chins in front of their hotels and have disposed these behind the fringing reef. 
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Nevertheless, often in Africa tourists are recommended to wear shoes when wading 
in the intertidal zone. Seaweed farming is also noted to be an issue by this investor as 
safe landscape is essential for tourism business (Figure 19). Seaweed farming sticks 
and farms are perceived to decrease the possibilities for water sports, such as kite 
surfing, and be dangerous for tourists who wish to swim in the sea. According to this 
informant, seaweed farming and tourism can coexist in Zanzibar but these activities 
need to be conducted in different zones. 

Different changes are cited differently by the stakeholder groups; however, there are 
still common concerns. This tells what processes or changes are perceived by all as 
threats in the area and which measures are currently used to tackle the experienced 
problems. These perceptions also guide the accepted adaptation actions among the 
stakeholders. 

      Figure 18. Sea urchin among sea grass on the intertidal zone in Matemwe.
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       Figure 19. Seaweed farming during low tide in Matemwe. 

5.5. Measures to strengthen the coastal area

The community informants were asked about the possible measures to strengthen the 
coastal area. It was found that they have a variety of views on the practical measures, 
which should be taken (Figure 20). Planting of vegetation (including trees, shrubs and 
creepers) was seen by the majority as a viable option in all of the research villages. 
However, the chosen species should be carefully selected as, for example, pine trees 
are not popular since one cannot plant other crops under them. Some informants con-
sidered, tree planting an impossible option as, for example, some tree species are sen-
sitive to salt water and would not therefore survive in the long run and some are eaten 
by goats before they manage to grow (Figure 21). Teachers proposed awareness raising 
through varied channels on the harmful effects of tree cutting and its implications in 
relation to future hazards as the most effective measure. This is perhaps a natural po-
sition of education professionals. Awareness raising as an adaptation measure is also 
recommended in Tanzania’s NAPA report. 
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Figure 20. The proposed measures to strengthen the coastal area as mentioned by the inform-
ants in the community interviews (Kiwengwa n=27, Matemwe n=22 and Pwani Mchangani 
n=9). Note that informants have mentioned often several options; thus, the percentages repre-
sent the number of times an option has been mentioned within a research area.

Awareness raising and environmental education are also suggested in hotel interviews. 
For instance, an investor noted that if local communities would understand the inter-
linkages between fish abundance and overharvesting, then small juvenile fish would 
be left to grow and the stock could replenish and recover more quickly. However, 
fishermen in the community interviews also complain about this very issue and ac-
knowledge this as bad practice. So the problem is not the lack of awareness but poverty 
and lack of other alternatives. In addition, hotel sector would also need environmental 
education in order to understand the importance of, for instance, recycling, sewage 
treatment and sustainable water usage. 

There are differences between research areas regarding the most useful measures to 
strengthen the coastal area. For example, in Kiwengwa, planting of vegetation and co-
operation are mostly cited, whereas awareness raising is only mentioned in Matemwe. 
Furthermore, in Pwani Mchangani, vegetation planting and prohibiting sand mining 
are most important, while awareness raising and cooperation are not noted at all. In 
the case of Kiwengwa, the strong emphasis on cooperation relates to the longer history 
of tourism industry in the area, when compared to Matemwe and Pwani Mchangani. 
Most of the hotels in Kiwengwa already cooperate with the communities and this 
partly contributes to a more positive view on the role of cooperation regarding the 
coastal environment. In Matemwe, the importance of awareness rising is mostly cited 
by teachers as they regard this to be the most viable option. The suggestions for practi-
cal awareness raising range from magazines and films to posters; in addition, Forestry 
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Department should educate people regarding agroforestry, the importance of trees 
and the implications of tree cutting. The informants’ knowledge of possible measures 
is thus varied but all of them have an opinion on the matter. This further strengthens 
the assumption that the observed changes in the environment generate a variety of 
perceptions among the different stakeholder groups regarding practical measures to 
strengthen the coastline. 

       Figure 21. Some trees can be protected by building protective fences made of palm 
       leaves around the trees in order to keep the goats and other livestock away. 

Communities perceive seawalls as useless in coastal protection as, for instance, in 
Pwani Mchangani the beach is partly protected by these structures, which have moved 
the erosion to other parts of the shoreline. In addition, such hard structures are consid-
ered very expensive and villages would not have the financial possibilities to construct 
such walls even if they would like to. Sand mining related to hotels in the area as hotels 
extract sand from the beach to create, for instance, pathways inside the hotel areas. 
This is negatively viewed by the communities as it is linked with increased erosion. 
Interestingly enough, Tanzania’s NAPA report recommends the building of artificial 
protection structures, such as seawalls, among other options. Seawalls have been men-
tioned only in Kiwengwa as useful measures; this might relate to hotels’ utilisation 
of such structures to combat erosion. Community informants do not obviously often 
mention other options than those, which they have some experience of or have seen 
used.
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The hotels answering the email questionnaire especially from the Paje-Jambiani area 
acknowledge coastal erosion to be one of the major problems that they currently face. 
The hotels have built protecting seawalls to halt the erosion as noted previously also 
in the case of Kiwengwa (Figure 22). The beach is an essential element of the exotic 
landscape that tourism relies on in Zanzibar and therefore its maintenance is in a key 
role for tourism industry. However, beach erosion prevention walls might not be a 
functioning solution as these often cause large-scale erosion somewhere else instead 
(Nyandwi 2001; Cooper & McKenna 2008; Eaton 2008). This corresponds with Adger 
et al.’s (2005) notion that some adaptation measures in general might benefit an indi-
vidual but harm other stakeholders. Some hotels in Kiwengwa mentioned that walls 
made of palm poles deteriorate quite quickly, which means that the wall has to be 
constantly restored. However, one manager added that as his hotel has began using 
palm poles for shoreline protection, the erosion rate has slowed down in front of the 
hotel (Figure 23). 

As erosion is a natural process, it might be better to use natural ways of combating 
it than to build artificial structures on the beach front. According to an informant at 
IMS, if natural processes are not interfered with but left in peace to shape the coast-
line, there is generally less erosion. The importance of the existence of policies and 
proper regulations as well as their enforcement and monitoring cannot be emphasised 
enough. Building regulations are especially important in regulating the zones appro-
priate for infrastructure development in coastal environments. For example, Cambers 
et al. (2008) note that in the Caribbean Islands stronger monitoring of coastal devel-
opments could have spared many buildings from hurricane destruction if the agreed 
distance from the high water mark had been followed. In Zanzibar, there is a rule 
not to construct buildings nearer than 30 meters from the high watermark in sandy 
beach areas. This rule, however, is not in any legislation but is more of a preferred 
guideline regarding good practice on coastal infrastructure building. Consequently it 
is not observed and cannot be strongly enforced. Building too close to the beach and 
the sea is a problem experienced also in other countries such as in South Africa where 
the sea view is to many more important than the environmental regulations (Coastal 
Policy…1998). In addition, resort development and coastal properties directly adjacent 
to sea causes negative impacts on coastal ecosystems (Nicholls et al. 2007). 

Eaton (2008) remarks in her study of the Paje-Jambiani area that some hotels have 
tried planting of indigenous beach vegetation in order to stabilize the sand and thus 
reduce the rate of erosion. The cited examples highlight the success of planting, for 
instance, goat foot creeper (Ipomoea pes-caprae) which forms an extensive cover and 
holds the sand in place. In Matemwe, the same plant could be seen growing on the 
beach near some hotels (Figure 24). The use of this kind of erosion control measure 
is not only environmentally friendlier than hard structures but it also creates with its 
colourful flowers an aesthetic landscape (Figure 25). 
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      Figure 22. Seawalls are built by using cement in Kiwengwa area.

      Figure 23. Vera Club uses palm poles as seawalls to protect the beach from 
      erosion.
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       Figure 24. Goat foot creeper growing on the beach slope in Matemwe.

       Figure 25. The colourfulness of goat foot creeper’s flowers could be also an 
       important aesthetic addition to the beach profile.
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The cleaning of the beach by the hotels (Figure 26) is perceived actually negative in 
the community interviews. From the communities’ viewpoint, the debris (both house-
hold and plants) (Figure 27) remaining on the beach should be left there as this pro-
tects the shoreline and decreases the rate of erosion. However, many hotels clean the 
beach daily in order to offer a clean and pleasant environment for their customers. In 
the opinion of the hotel managers, cleaning the beach is a positive action, which not 
only makes the beach more aesthetic but also contributes to the trash being picked up 
and taken away. When viewed in this manner, cleaning the beach is an environmen-
tally friendly and responsible action, which is not demanded by law but which the 
hotels themselves provide. However, from the ecosystem point of view placing house-
hold debris on the beach to enhance slope stabilisation is not positive as garbage will 
eventually be washed into the sea and intertidal zone. 

Those in favour of multiple stakeholder cooperation in communities note that hotels, 
the government and the communities should work together but it has been clearly stat-
ed that individual measures rarely produce any results. More government involvement 
is wished for as policies should be strengthened securing an equal use of and access to 
the coastal environment. There is, in other words, a will for cooperation but currently 
the communities lack the means to initiate such activities. Therefore, other actors, be 
it the government or NGO’s,  should take a mediating role in this as the interests of 
the different parties are not actually in conflict regarding the use and maintenance of 
the coastal environment. Hotels have also expressed their interest in developing the 
cooperation further although their interest is mostly related to product sales. 

Institutional and departmental cooperation is an issue, which has been raised in the 
key informant interviews. For example, minimal cooperation exists between the De-
partment of Fisheries and the Commission of Tourism although these are both con-
cerned on the status of coral reefs and their management. As coral reefs are one of 
the main marine attractions in Zanzibar, closer cooperation could enhance coral reef 
management. Some research institutions and government departments are, however, 
working closely as, for instance, Department of Fisheries and the Institute of Marine 
Science. This way research results could become better known and enhance policies 
to become more locally sensitive and effective. 

The enforcement of regulations is difficult due to the limited capacity and funding, for 
instance, at the Department of Environment. According to an informant at the Depart-
ment of Environment, more awareness is needed from top to down in order to make 
the policy makers to understand environmental matters. Majority of the hotel devel-
opments require an Environmental Impact Assessment (EIA) to be conducted in the 
planning phase. However, due to the shortage of man power and resources, monitoring 
of these assessments is weak, which means that all projects might not fulfil the regula-
tions. The role of environmental assessments, nevertheless, is of vital importance in 
safeguarding ecological outcomes and practices and should be therefore strengthened. 
In addition, according to an informant in the tourism industry, as there is apparently 
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       Figure 27. Debris on the beach near Kigomani in Matemwe.

       Figure 26. Beach cleaning in front of Fairmont Hotel in Matemwe.
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a very limited evaluation and monitoring of the EIAs, the hotels consider it just as a 
casual procedure that needs to be done but not taken seriously. Moreover, overlap-
ping regulations between government departments and institutions regarding environ-
mental management especially on coastal areas can produce conflicting information 
(Technical Recommendations…1993). Therefore, for environmental management to 
be effective, more precise policies are needed, which will provide support for making 
sustainable decisions. However, it is not enough to develop only policies, but to also 
enhance the capacity of personnel to deal with the current legislations and monitoring 
through transparent practices.

If local communities, hotels and resorts could cooperate more closely, then new liveli-
hoods related to tourism could be developed, which would channel economic benefits 
to the communities and help to ease the existing conflicts within the coastal zone. One 
suggestion is to create marketplaces on the coast, where local communities could sell 
fruits and handicrafts to tourists. The hotels could then direct their customers to these 
market places instead of the tourists purchasing items from beach boys, who are usu-
ally not local Zanzibaris. 

As the electricity crises took place during the fieldwork, energy emerged as an im-
portant topic in the interviews. Some hotel managers suggested that the government 
could import energy saving equipment with estimation that probably 95% of the hotels 
would be ready to invest in such technology. Ecologically more sound technology 
would not only reduce environmental pressure but also cut down on hotels’ energy 
costs with around 50%. Hotels cannot afford to run on generators as was experienced 
during the electricity crises; many hotels closed down as the prices for water, food 
and diesel kept rising. This is obviously one aspect of vulnerability in Zanzibar as the 
whole island is dependent on an underwater cable from mainland Tanzania for its elec-
tricity. Investments in wind and solar power could be alternative solutions in the future 
especially among the island’s many hotels. According to a Norwegian engineer work-
ing for Nexen Inc., the electricity needs of whole Zanzibar could be served with only 
15 windmills. The economic losses occurring due to the shortage cannot be estimated 
yet but, for example, some Italian tour operators already relocated away from Zanzibar 
as the shortage lasted one month. In other words, vulnerabilities exist often already 
before climate change’s impacts, which would aggravate the existing insecurities.
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6. Seminar findings

6.1. Roundtable Discussions

A Roundtable Discussion was arranged in October 2008 in order to both present the 
research results to various local institutions and to generate discussion on the findings’ 
relevance at local scale. Prior to the seminar, a short description of the major findings 
was sent to the participating institutions together with an article prepared to a climate 
change conference. The following institutions participated in the discussions: 

- Ministry of Agriculture, Livestock and Environment (MALE)
- Department of Environment
- Tanzania Meteorological Agency, Zanzibar Section
- Institute of Marine Science, University of Dar es Salaam (IMS)
- Commission of Tourism 
- State University of Zanzibar 
- Department of Fisheries 
- Department of Commercial Crops, Fruits and Forestry (DCCFF) 
- Department of Geography, University of Turku 

After the presentation of the research results, many participants raised a number of ob-
servations and questions relevant to the study. The Director of Zanzibar Section, Tan-
zania Meteorological Agency, noted that extreme weather phenomenon has increased 
and that as recently as October 2008, they have measured unusually high temperatures 
in Zanzibar. He also called for more investigations on climate change related research 
in Zanzibar as this research is the first study conducted on this issue. In addition, the 
director noted that several changes in the depth of the intertidal zone in Pemba’s west-
ern parts have taken place and fishermen no longer are able to dock their dhows by the 
fish market as the zone is not deep enough. 

The representative from the Department of Environment suggested that awareness 
raising and poverty as an underlying factor need to be included in the proposed man-
agement plan in order to reflect the larger societal framework within the research 
area. 

The representative from the Institute of Marine Science confirmed based on wind data 
for the last 20 years that winds have become stronger in Zanzibar as some community 
members have also observed, and that this is affecting the wave regimes along the 
coasts. However, the research on sea-level changes, which IMS is involved in, shows 
a decreasing trend in sea level in Zanzibar (as also observed by Ragoonaden (2006)). 
The reason for this is not known and further investigation continues. The cause could 
be for example tectonic movements. He also called for a wider forum for information 
sharing on these issues as, for instance, seawalls are part of the problem in coastal ero-
sion but due to limited knowledge, these are still being built by hotels. 
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Commission of Tourism representative noted that currently tourism infrastructure is 
built too close to the sea, which has increased coastal erosion and that more knowledge 
is needed on the appropriate regulations. However, Department of Environment noted 
that the 30 meter rule (30 meter from the high water mark) is actually only a guideline 
and therefore it is not properly enforced. (This problem has been highlighted also in 
the State of the Environment-report for Zanzibar 2004/2005). 

A representative from the Department of Commercial Crops, Fruits and Forestry not-
ed that many institutions work alone although their work is overlapping and that there 
is limited cooperation if any. Coral rag areas are important for the communities but if 
new livelihoods are not developed, the people will become nomads and have to move 
somewhere else. More funding was also called into livelihood development in which 
these strategies would be developed responsibly with the local communities. The rep-
resentative from State University of Zanzibar observed that many diverse factors in-
fluence sea-level rise; in addition, he noted that a clear definition is needed on who is 
vulnerable and why regarding the stakeholders living on coastal areas. Moreover, such 
factors as resilience and adaptive capacity should be incorporated into the research. 

Ministry of Agriculture, Livestock and Environment (MALE) noted that regarding 
climate change issues, local human activity is actually more destructive than climate 
change itself on the environment. Destruction of the environment is currently caused 
mainly by humans and therefore sustainable livelihood approaches are needed. The 
Department of Environment also noted the issue of corruption, which imposes many 
challenges to local stakeholders. He also raised the idea that this research could be 
seen as a pilot study in the field of climate change related research in Zanzibar, and 
called for a larger project based on the current findings. The next project could include 
a wider variety of institutions, but also extend to other areas on Unguja and Pemba and 
the various government institutions present would participate.   

The participants recognised the need for the continuation of climate change related 
research in Zanzibar as currently there have been only few initiatives within this field. 
The discussions also highlight the need for institutional cooperation as all the institu-
tions have extensive data bases and research on their specific sectors. Therefore, as 
climate change research is always multidisciplinary and multi-sectoral, a new project 
should derive strength from such cooperation and joint research. 

6.2. Final Seminar  

In the final seminar arranged in October 2008, the following stakeholder groups 
were represented: 

- Fairmont Zanzibar 
- Mapenzi Hotel 
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- Matemwe Beach Village
- Matemwe Beach Bungalows
- Kempinski Zanzibar 
- Matemwe shehia (village leader, env. committee members)
- Kiwengwa shehia (village leader, env. committee members)
- Pwani Mchangani shehia (village leader, env. committee members)
- Zanzibar Beach Management Unit (NGO)
- Labayka Development Fund (NGO)
- Department of Commercial Crops, Fruit and Forestry (DCCFF)
- Department of Geography, University of Turku (UT) 

The project results were presented both in English and Kiswahili in order to all the 
stakeholders to be able to participate in the discussions. After the presentation, par-
ticipants were encouraged to make comments and express their views; the discussions 
were also translated to both languages. The village leaders especially took an active 
role in discussing the changes and the causes based on their observations in their vil-
lage areas. 

The villagers say that especially creepers previously used to help in stabilising the 
beach but due to tourism, these are often uprooted. If planting is to take place in the 
research area, casuarinas should not be planted but indigenous tree species and creep-
ers instead. Poor management has impeded the previous planting efforts in some areas 
as the trees have died. Also, there is the question of livestock as it is left to wander 
freely and the goats eat the planted species; stronger control of the livestock is there-
fore needed. The selection of suitable species was elaborated in the seminar with some 
length.

An aesthetic environment is also positive for tourism; therefore, close cooperation for 
communities and hotels would be positive as the environment belongs to all the stake-
holders. The villagers noted that all villagers and hotels collect firewood and construc-
tion material from the forest reserve in Kiwengwa-Pongwe area, and now some of it 
has been allocated to tourism as well. Therefore, inland areas should be also included 
in the discussion and not just the shoreline and beach areas. 

Zanzibar Beach Management Unit highlighted the need for environmental educa-
tion, collaboration between hotels and the communities, better policies and alterna-
tives for fuel wood such as high-energy stoves. Representative from Matemwe Beach 
Village also called for more environmental education in that using the environment, 
for instance, cutting trees should be balanced through planting activities. The ho-
tels acknowledged the need for cooperation and planting as Fairmont Zanzibar said it 
would support any environmental initiatives in the area. Labayka Development Fund’s 
representative noted that policies also play a major role as trees have been cut due to 
tourism and suggested that the aspect of policy awareness would be incorporated in 
the management plan. 
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The villagers were eager to discuss further the choice of species and the areas where 
these could be planted. The women present especially said they are now waiting for 
trees to plant. The research team promised to visit the villages and together discusses 
further the preferred species and identifies the areas with the villagers where the plant-
ing could take place. In addition, also the question of management and ownership 
of the planted species would be agreed as the seedlings and cuttings need care and 
protection. As deforestation is a major issue on the part of the communities, the en-
hancement of vegetation cover will carry a positive meaning on the livelihood level. 
The chosen species must, however, reflect both use values for the communities and be 
suitable also in the ecological sense. 
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7. Draft local management plan for coastal forest buffer zones

Towards the end of the research focus was shifted from situation analysis to practical 
measures to attend to the concerns raised during the research process. With the major 
stakeholders involved, a plan was produced as to start doing something together to 
improve the coastal environment. The participants in this planning were the DCCFF, 
the communities and the hotels.

It has not been possible to develop a comprehensive management plan, but an action 
plan to initiate common environmental improvement activities has been drafted. The 
environmental management system will be developed during the course of these ac-
tivities. The concurrent development activities give substance for the participatory 
management planning.

The concern of the deterioration of the vegetation cover was commonly mentioned 
by all the categories of interviewees. Further, rehabilitating the vegetation cover was 
mentioned, especially by the communities, most commonly as the best measure to 
conserve the coastal area and the beach. The most vulnerable areas of the coastal strip 
were identified in the GIS analysis (Figure 28).

Based on this information the following action plan was produced:
      
7.1. Rehabilitation of vegetation on the vulnerable areas  

The identification of planting areas has been conducted together with the communi-
ties as GPS points have been taken on the areas in order to identify the approximate 
locations along the coast as mapped in 2008 (Figure 29). However, erosion keeps often 
shifting and affecting different areas.

The number of seedlings for the total area is 41450 and the area to be planted is ap-
proximately 30, 5 hectares. The buffer zone is rather fragmented as the areas with 
most erosion and decreased vegetation cover are found in patches rather than as large 
areas. Furthermore, most of the planting areas are near communities as hotel areas 
have been excluded from the plan. The planting areas are situated only on the shore-
line although deforestation is a problem further inland. However, the plan is focused 
specifically on the strengthening of the shoreline and therefore planting in inland areas 
is not included, although the coastal environment obviously extends further than just 
the shore. The plan also includes training and monitoring activities, which have been 
set in place in order to guarantee the survival of the species both during the growth 
period and after the planting. Monitoring will take place once a month as a follow-up 
on the survival rate of the seedlings. Training is planned to take place several times in 
all of the involved communities in how to take care of the seedlings.  
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Figure 28. Vulnerable areas as identified through GIS analysis; the blue circles suggest the 
areas where most of the planting should take place. 
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 Figure 29. The proposed areas for planting as defined together with the communities. 
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7.2. Choice of species

Alien species are disadvantageous for coastal buffers due to their high risk of invasion. 
Casuarina has a low invasive potential and is resistant against strong wave action, 
however its fibrous roots prevent undergrowth to establish, resulting in erosion (Avis 
1989), and is therefore an unsuitable species as buffer on the beach. Furthermore, 
Casuarina equisetifolia, as well as Lantana camara, have a suppressing effect on indig-
enous species (Kombo 2003). Indigenous vegetation is not only adapted to local condi-
tions, but also creates habitat and/or migration corridors for indigenous fauna (Van der 
Merwe et al. 2001). The species should thus reflect the coastal ecosystem’s complexity 
and therefore should include both trees and shrubs but also creepers, which are often 
the first species on the beach front. 

The communities defined approximately twenty-five different species that could be 
used for the buffer zone (Table 4). Some of the species can be obtained through mak-
ing cuttings of the existing species such as the goat foot creeper; in addition, the 
communities emphasise that the best season for planting is during the masika rain 
season in the spring. The species need to be protected from the livestock, which is 
somewhat easier with trees but more difficult with creepers; the goats are said to eat 
all the planted species as they roam free. However, this takes place mostly during the 
rain season as the goats have little fodder during that time, which coincides with the 
proposed planting time. Some of the species could be grown in communities but prior 
training is needed in how to take care of the seedlings in an appropriate way. Being 
aware of these “everyday” issues is crucial as the some of the plants have long growing 
times during which they need to be protected. 

Since the proposed tree species are indigenous and there are not ready seedlings avail-
able, the activities will also include seed gathering and seedling production in a nurs-
ery.

7.3. Ownership and cooperation 

The main cooperating partners in this action are the DCCFF, the shehias of Kiwengwa, 
Matemwe and Pwani Mchangani, and the hotels in these shehias.

In the discussions with the communities, it has been agreed that the planted trees 
would fall under community ownership and thus remain under community manage-
ment. This is especially important as the planted species need to be also looked after 
in order to remain. Adaptive planning and management approaches are crucial as 
new research and changing situations compel new strategies appropriate for that time 
and context as suggested also by Tompkins et al. (2007). Precautionary approaches in 
natural resource management are therefore valuable as they provide multiple benefits 
both societal and environmental (Tri et al. 1998). 
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Table 4. The preferred species mentioned by the communities for the coastal forest 
buffer zone. 

NO LOCAL NAME SCIENTIFIC NAME MATEM. P/ANGANI. KIWENGWA
1 Mkaaga Eugenia capensis *
2 Mchechepwa Un identified * *
3 Mkadi Pandanus kirkii * *
4 Mla kasa Ipomoea prescaprae * * *
5 Mdeke(Mtumbaku) Scaevola sericea * * *
6 Haungongwa Psychotria mahonii * *
7 Mpepe Dodonea viscose *
8 Mwiza Unidentified *
9 Msiliza Euclea natalensis *
10 Mbupuri Unidentified * *
11 Mkole Pwa Grewia mollis *
12 Mkomwe Caesalpinia bonduc *
13 Mkungupwa Guettarda speciosa * * *
14 Mtunda Melea azadrachta *
15 Mkatani Agave sesaliana *
16 Mngombe Ozoroa obovata *
17 Mkandika Sideroxylon inerme *
18 Kidaramba Lumnitzera racemosa * *
19 Mkungu Terminalia catappa *
20 Mdaa Euclea racemosa *
21 X-mas Tree Delonix regia *
22 Mla ninga Ficus ingens *
23 Mwache Unidentified *
24 Mti kama mlakasa Unidentified * *
25 Mlala ngao Ficus lutea *

Some of the hotels have indicated a willingness to cooperate especially regarding 
environmental issues. As the local management plan is accepted and supported by the 
communities, it would be crucial to involve the hotels in the activities as well. Such 
hotels as Fairmont already have a green team, which looks after the coastal environ-
ment in the hotel area. However, stronger cooperation between the stakeholder groups 
is needed as the planting activities will not have a long-term effect if other activities, 
such as sand mining and seawall infrastructure, keep affecting the shoreline. 
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7.4. Cost calculation for the buffer zone 

The Department of Commercial Crops, Fruits and Forestry made a cost calculation 
for the areas in need of planting along the shoreline (Table 5).BUDGET

Seedlings Spacing m Area ha Seedlings Total seedlings Price/pcs Total price
per ha Tshs Tshs

2 x 2 15 2500 37500 300 11250000
5 x 5 8 400 3200 300 960000

10 x 10 7,5 100 750 300 225000

Total 30,5 3000 41450 300 12435000

Transport Seedlings Seedlings/trip Trips needed Cost/trip
Tshs

41450 600 69 40000 2763333

Meetings and training Occations Transport Refreshments Facilitation
/occation Tshs /occationTshs /occationTshs

13 45000 12000 80000 1781000

Monitoring+Evaluation 36 45000 12000 80000 4932000

GRAND TOTAL 21911333
13868 €

Table 5. The cost calculation for the planned buffer zone. 
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8. Discussion 

The current vulnerabilities and especially the processes underlying and causing vul-
nerability in Zanzibar relate to the following factors: reliability of supply of electricity, 
coastal management approaches (or the lack of those), rapid and somewhat uncon-
trolled growth of tourism industry, and uncertain ownership of natural resources and 
resource entitlements. In addition, water availability is a vulnerable factor as the avail-
able drinking water on the island is limited; conflicts between communities and the 
tourism sector regarding water usage have already materialised.  

Climate change impacts as such are not currently the most imperative and crucial 
issues for any of the stakeholder groups interviewed in this research. On the village 
level, the main concerns are inadequate sanitation facilities, deforestation, low mon-
etary earnings from seaweed farming, and lack of local employment within tourism. 
Hotels are mainly concerned with the increased coastal erosion and its management 
and the supply of electricity. On local institutional level, local leaders express the need 
for efficient policies and monitoring of natural resource management. On national 
institutional level, the experts and personnel are concerned of the funding and moni-
toring of environmental management programmes and regulations. However, there 
are concerns especially among the institutions for the current lack of climate change 
related research in Zanzibar and lack of coordination and cooperation between differ-
ent institutions. 

If local responses, such as regeneration of beach stabilisation plants, are taken in time, 
such phenomenon as sea-level rise or stronger winds might have less impact. However, 
an obvious conclusion from this research is that if the current trend of clearing beach 
vegetation, the building of artificial structures and sand mining continues, coastal ero-
sion will increase in such magnitude that it will have an effect on the intertidal zone as 
well. This could imply a loss of livelihoods especially among women if, for instance, 
the amount of sediments would hinder or decrease the quality of seaweed. In addition, 
the exotic landscapes and healthy ecosystems are parts of tourism attractions in Zanzi-
bar; therefore, the degradation of these has negative effects on tourism itself. Stronger 
cooperation, management and monitoring of policies are obviously needed; however, 
how this could be done in practice requires institutional support on local, regional and 
national levels through multiple stakeholder consultation. 

Alternative tourism approaches are becoming available such as ecotourism, pro poor 
tourism and voluntary tourism, which are hoped to bring more tangible benefits at 
local level. Thus, creating alternatives for coastal mass tourism could be seen as an 
adaptation measure in the sense that if the exotic landscapes continue to deteriorate, 
tourism can still be a viable livelihood option. The traditional leisure tourism has not 
been capable of delivering local capacity building in such an extent as these new ap-
proaches might. This problem is recognised by the government but currently most 
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of the activities toward pro poor tourism are conducted by international and local 
NGOs. 

The provision of energy is also a crucial mitigation and adaptation sector. As espe-
cially the city, towns and the tourism industry rely on the steady supply of electricity, 
alternative preferably renewable energy sources should be explored. Solar and wind 
power technology already exists; however, its introduction will depend on government 
policies and the scope and price of the chosen technology. The underwater cable from 
Tanzania mainland is not a reliable option as already seen during the electricity crises 
in May-June 2008, although a similar cable is being planned for Pemba as well.  

Without sufficient knowledge any attempt to control erosion may be futile and there-
fore regular monitoring of climatic and coastal conditions as well as interdisciplinary 
coastal research are essential as highlighted by Dubi 2000. Dubi (2000) also suggests 
a nation wide data collection programme including wave recording systems and pres-
sure gauges for coastal water. Based on the Roundtable Discussions, a new project 
plan is actually being developed, which would concentrate on adaptive and anticipa-
tory coastal planning regarding climate change and would cover both Unguja and 
Pemba. In addition, the project would utilise the expertise and research data of the 
participating institutions and would promote multi-sectoral cooperation through inter-
disciplinary research. 

Another notion is that the meteorological stations on Unguja Island are unevenly dis-
tributed, with many stations in the central western area, but no stations in the north-
eastern coral rag area (Klein 2008). A project, which would install monitoring systems 
for rainfall, would not be costly as the monitoring can be done by, for instance, schools 
as a part of environmental education classes or programs. Furthermore, there is a need 
to secure energy supply for the island, which could be done through donor support for 
wind and solar power as these natural resources are abundant during the whole year. 
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9. Recommendations

There is a definite need to channel assistance specifically to those sectors in partner 
countries in which climate change’s impacts are going to be most adverse according 
to the present forecasts. Assessing the partner countries’ vulnerabilities and probable 
climate change impact scenarios would enhance Finland’s possibility to deliver assist-
ance in the core areas of future problems. The target country’s own priorities should 
naturally be highlighted in these assessments; otherwise any measures of adaptation 
and mitigation will not reach the appropriate level of local ownership and will thus 
be ineffective. Engaging local scientists, policy makers, and practitioners is needed 
in order to develop holistic adaptation and mitigation strategies. Therefore, capacity 
building especially in climate change related areas should be considered as a crucial 
area of future assistance in Finland’s partner countries. 

Some recommendations for Finland’s Development Cooperation can be drawn from 
this research, both on general and case-specific levels. The general recommendations 
are as follows: 

 Assess partner countries’ vulnerabilities to climate change impacts 

- Assess partner countries’ vulnerabilities to both current and predicted climate change 
related impacts together with local stakeholder groups through the utilisation of multi-
sectoral cooperation. Climate change issues are always multidisciplinary and multi-
sectoral and therefore cross-cutting cooperation is crucial between institutions and 
departments. In addition, engaging local scientists, policy makers and practitioners is 
needed in order to develop holistic and relevant adaptation and mitigation strategies. 

Recommendation 1

Finland should continue, in cooperation with other donors, to support initiatives 
for meteorological capacity building in the SADC area. This should be comple-
mented with capacity building in societal, environmental and agricultural re-
search focusing on the vulnerable areas. The Institutional Cooperation Instru-
ments (ICI) for government institutions and higher education institutions are 
good tools for this purpose.



84

TURKU UNIVERSITY DEPARTMENT OF GEOGRAPHY PUBLICATIONS B

 Support the existing initiatives and networks when incorporating climate change 
into bilateral development agendas

- Many countries have already a variety of programs and projects targeting specific 
development goals, such as Poverty Reduction, Economic Development, Good Gov-
ernance, AIDS, and so forth. These programs and projects can be used as stepping-
stones for climate change adaptation and mitigation, if the knowledge is incorporated 
into the existing structures. Thus, these should rather be “climate proofed” than de-
veloping new structures as climate change is never the single cause of vulnerabilities. 
If new structures are developed specific to climate change, then these still need to be 
integrated to the existing institutions, organisations and local initiatives in order to 
become relevant. 

Recommendation 2

Within the framework of the Local Cooperation Fund (LCF) there should be a 
provision for local initiatives of governmental and non-governmental actors to 
establish links and coordinate locally between different programs and activities 
working on related issues in the same area.   

 Include multiple stakeholders through cooperation for the sustainable utilisation 
of natural resources

- Most of the fragile environments have multiple stakeholder groups, which utilize 
the same resources. These stakeholder groups are rarely equal in their power status 
regarding decision-making and use of the environment; however, these groups need to 
cooperate if long-term sustainable management of the environment is to be achieved. 
Therefore, the best approach is to try to incorporate and understand the different per-
ceptions and use values of the stakeholders, and develop management plans through 
practical cooperation of the parties involved.

Recommendation 3

It should be made a duty of any development project to act as a promoter of on-
going discussion and dialogue between all the stakeholders at local level. This can 
also include joint studies of identified problems. A provision for these activities 
should be included in project budgets.
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 Strengthen rural livelihood options and recognize poverty as an underlying factor
 
- Rural livelihoods are dependent on natural resources, which are likely to be affected 
by climate change impacts in the future. Enhancing livelihood resilience through the 
development of new livelihood opportunities is a challenge, but a necessary step to-
wards the reduction of poverty and climate change vulnerability. Poor are most likely 
to be the largest group affected negatively by climate change and therefore specific at-
tention needs to be on the current poverty reduction measures and their feasibility for 
future conditions. In changing conditions good education is the key to the capacity to 
utilize the available old and new opportunities for advancement of one’s livelihood.

Recommendation 4

Education and training, especially skills training, should be given high priority 
in all development programs and at all levels.
 

Recommendations specific to Zanzibar are as follows:
 
 Assist in the capacity building of skills relevant to climate change adaptation and 
mitigation on local, regional and national levels
 
- Anticipatory adaptation and mitigation will be less costly in the long-term than re-
active measures, which occur only after a trend or a natural catastrophe has taken 
place. Therefore, capacity building in skills relevant to climate change adaptation and 
mitigation is crucial on local, regional and national levels to enhance the capacity for 
adaptation in Zanzibar. Local institutions, including both research and governmental, 
but also the private sector and NGOs, can be involved in the task through seminars, 
courses and practical involvement in the planning and monitoring of environmental 
changes. Knowledge dissemination is the first step as many communities and actors 
do not consider climate change as a local threat but a more global matter not affecting 
Zanzibar. In addition, strong support should be given to locally identified problems 
and project initiatives as these reflect local institutions’ understanding of appropriate 
solutions. 

Recommendation 5

Within the framework of the present development cooperation project Sustain-
able Management of Land and Environment (SMOLE) an active promotion and 
support for local research initiatives should be facilitated. Priority should be giv-
en to initiatives, which involve cooperation between the government institutions. 
Further, a substantial training program, including higher education in relevant 
fields, should be included in the cooperation.  
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 Support investments and initiatives in alternative and renewable energy

- Renewable energy could be an option for Zanzibar as currently the energy sector is 
dependent on the underwater cable from mainland Tanzania, which has turned out not 
to be reliable. Wind and solar power are abundant all year round, but the technology 
is deemed too costly. Supporting such long-term projects could contribute in self-suf-
ficiency in energy production and decrease the environmental pressure experienced 
especially on rural areas regarding fuel wood consumption and availability. 

Recommendation 6

Finland should indicate an interest in getting involved in the energy sector in 
Zanzibar, especially in the use of solar and wind energy alternatives. 

 
 Support investment and initiatives in weather monitoring

- Weather monitoring is a crucial factor in determining changes especially in rainfall 
patterns and temperatures. Supporting of the setting up of weather stations on the 
eastern part of Unguja (and Pemba) and making these data available would greatly 
enhance more accurate predictions on local weather phenomenon and trends.
 
Recommendation 7

The weather monitoring in Zanzibar should be improved within the ICI financ-
ing. The main partners in Zanzibar should be the Tanzania Meteorological Agen-
cy, Zanzibar Section and the Institute of Marine Science, University of Dar es 
Salaam.  

 Strengthen initiatives in market-based livelihood and skills development
 
- As climate change will affect natural resource based livelihoods, more support 
should be given to initiatives for the development of alternative livelihoods. For in-
stance, practical tourism-related skills’ training in the villages would enhance the ca-
pacity building and resilience of communities if they can be employed in tourism. 
Women’s opportunities for market-based livelihoods could also be enhanced through, 
for instance, handicraft projects and practical skills training as currently men benefit 
most from tourism-related opportunities. However, as climate change might affect 
long-distance travel markets, supporting alternative livelihood development also not 
related to tourism is of importance.
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Recommendation 8

Finland should support local market-based livelihood and skills development ini-
tiatives. This is best financed through LCF directly to local organizations, and 
through the assistance channeled through Finnish NGOs. 

Conducting a National Adaptation Plan of Action could help in identifying current 
vulnerabilities and channel efforts on improving and mitigating the predicted future 
impacts regarding climate change. For example, the experienced electricity crisis is 
clearly an issue which should be followed up and measures taken to prevent it from 
happening again. Finland could offer its expertise in the energy sector and advance the 
adoption of wind and solar power in the country. However, it is extremely important to 
include all the necessary stakeholders in NAPA process, who will actively cooperate 
with each other across local, regional and national levels. Nevertheless, institutions 
and departments are already burdened with insufficient funds and lack of personnel. 
Therefore, if such an assessment would be made, the consent of the parties needs to be 
clear and the process needs to be highly transparent. Without transparency and multi-
ple stakeholder cooperation, the vulnerabilities cannot be adequately addressed.



88

TURKU UNIVERSITY DEPARTMENT OF GEOGRAPHY PUBLICATIONS B

 10. References

Additon, T. (2004). Vegetation Survey of Kiwengwa-Pongwe Forest Reserve: A Base-
line Study of Regeneration and Disturbance. SIT: Zanzibar Coastal Ecology

Adger, W.N., Arnell, N.W. & E.L.Tompkins (2005). Successful adaptation to climate 
change across scales. Global Environmental Change 15: 77─86. 

Adger, N., Paavola, J. & S. Huq (2006). Toward Justice in Adaptation to Climate 
Change. 1─19 p. In: Adger, W.N., Paavola, J., Huq, S. & M.J. Mace (Eds.) Fairness 
in Adaptation to Climate Change. 319 p. Massachusetts Institute of Technology. The 
MTI Press, United States of America. 

Alusa, A.L. & L.J. Ogallo (1992). Implications for Expected Climate Change in the 
Eastern African Region: an Overview. UNEP Regional Seas Reports and Studies 
No. 149. Accessed  1.7.2008, available at iodeweb1.vliz.be/odin/bitstream/1834/825/1/
RSRS149.pdf. 

Appeaning Addo, K., M. Walkden & J.P. Mills. (2008). Detection, measurement and 
prediction of shoreline recession in Accra, Ghana. ISPRS Journal of Photogrammetry 
and Remote Sensing. In Press

Arthurton, R.S., A.H. Brampton, C.Z. Kaaya, and S.K. Mohamed. (1999). Late Qua-
ternary Coastal Stratigraphy on a Platform-Fringed Tropical Coast – a Case Study 
from Zanzibar, Tanzania. Journal of Coastal Research 15: 3, 635─644. Coastal Edu-
cation and Research Foundation

Avis, A.M. (1989). A Review of Coastal Dune Stabilization in the Cape Province of 
South Africa. Landscape and Urban Planning 18, 55─68.

Barbour, M.C., J.H. Burk, W.D Pitts, F.S. Gilliam and M.W. Schwartz. (1999). Terres-
trial Plant Ecology. Third Edition (649 p) Addison Wesley Longman, Inc.

Barnett, J. & W.N. Adger (2007). Climate change, human security and violent conflict. 
Political Geography 26: 639─655. 

Beatly, T., Brower, D.J. & A.K., Schwab (2002). An Introduction to Coastal Zone 
Management. Second edition. Island Press. 

Beentje, H.J. (1990). A Reconnaissance Survey of Zanzibar Forests and Coastal Thick-
et. Zanzibar Environmental Study Series, 7. The Commision for Lands and Environ-
ment, Zanzibar.



89

MUSTELIN et al.

Boko, M., Niang, I., Nyong, A., Vogel, C., Githeko, A., Medany, M., Osman-Elasha, 
B., Tabo, R.  & P. Yanda (2007). Africa. 433─467 p. In Climate Change 2007: Impacts, 
Adaptation and Vulnerability. Contribution to the Working Group II to the Fourth 
Assessment Report on the Intergovernmental Panel for Climate Change. Parry, M.L., 
Canziani, O.F., Palutikof, J.P., van der Linden, P.J. & C.E. Hansen (Eds.). Cambridge 
University Press. Cambridge UK. 

Boswell, F. (2007). Waves threaten Zanzibar paradise. BBC News. Published 
2007/12/13. Accessed 30.4.2008, available at http://news.bbc.co.uk/go/pr/fr/-/2/hi/af-
rica/7100107.stm. 

Brooks, N., Adger, W.N. & P.M. Kelly (2005). The determinants of vulnerability and 
adaptive capacity at the national level and the implications for adaptation. Global En-
vironmental Change 15: 151─163. 

Brown, O., Hammill, A. & R. McLeman (2007). Climate change as the ‘new’ security 
threat: implications for Africa. International Affairs 83: 6, 1141─1154. 

Cambers, G., Richards, L. & S. Roberts-Hodge (2008). Conserving Caribbean Beach-
es. 18─24 p. Tiempo 66 January 2008. Available at www.tiempocyberclimate.org. 

Carter, T.R. (2007). Local climate change impacts, adaptation and vulnerability. Paper 
prepared for the Workshop “The Future Climatic Window: Local Impacts of Climate 
Change”, 25-27 January 2007 Seggau Castle, Leibnitz, Germany.

Cesar, H.S.J. (2000) Ed. Collected Essays on the Economics of Coral Reefs. 242 p. 
CORDIO, Sweden. 

Climate Change: African Perspectives for a Post-2012 Agreement (2008). 17 p. United 
Nations Economic and Social Council, Economic Commission for Africa, African 
Union Commission. E/ECA/COE/27/8//AU/CAMEF/EXP/8(III). Accessed 2.7.2008, 
available at www.uneca.org/cfm/2008/docs/ClimateChange.pdf. 

Coastal Policy Green Paper (1998). Towards Sustainable Coastal Development in 
South Africa. Department of Environmental Affairs and Tourism. Accessed 8.7.2008, 
available at http://www.info.gov.za/greenpapers/1998/coastalpolicy.htm

Conway, T.M. & K.F. Nordstrom (2003). Characteristics of topography and vegetation 
at boundaries between the beach and dune on residential shorefront lots in two munici-
palities in New Jersey, USA. Ocean & Coastal Management 46, 635─648. 

Cooper, J.A.G. & J. McKenna (2008). Social justice in coastal erosion management: 
The temporal and spatial dimensions. Geoforum 39: 294─306. 



90

TURKU UNIVERSITY DEPARTMENT OF GEOGRAPHY PUBLICATIONS B

Daniel, E.B. & M.D. Abkowitz (2003). Development of Beach Analysis Tools for Car-
ibbean Small Islands. Coastal Management 31, 255─275. 

Danielsen, F., M.K. Sørensen, M.F. Olwig, V. Selvam, F. Parish, N.D. Burgess, T. 
Hiraishi, V.M. Karunagaran, M.S. Ramussen, L.B. Hansen, A. Quarto, & N. Suryad-
iputra. (2005). The Asian Tsunami: A protective role for coastal vegetation. Science 
310, 643 p. Accessed 30.4.2008, available at www.sciencemag.org. 

DCCFF. (2004). Vegetation Reconnaissance Survey of Kiwengwa Forest, Zanzibar. 
Department of Commercial Crops, Fruits and Forestry, Zanzibar.

Dolan, A.H. & I.J. Walker (2004). Understanding vulnerability of coastal communi-
ties to climate change related risks. Journal of Coastal Research Special Issue 39. 

Downing, T.E. & B. Osman-Elasha (2007). Lessons learned in Africa. 19─21 p. Tiem-
po 65 October 2007. Available at www.tiempocyberclimate.org.

Dubi, A. (2000). Coastal Erosion. In Ngusaru, A.S. (Ed) Tanzania Coastal Manage-
ment Partnership: The Present State of Knowledge of Marine Science in Tanzania 
Synthesis Report. Tanzania Coastal Management Partnership Support Unit, Science 
and Technical Working Group.

Eaton, L. (2008). A Historical Case Study of Beach Erosion in Paje, Bwejuu and Jam-
biani: Possible Methods of Prevention.38 p. SIT Zanzibar, Coastal Ecology. 

Ekebom, J., Laihonen, P. & T. Suominen (2002). A GIS-based step-wise procedure for 
assessing physical exposure in fragmented archipelagos. Estuarine, Coastal and Shelf 
Science 57, 887─898.

Eriksen, S.H. & P.M. Kelly (2007). Developing Credible Vulnerability Indicators for 
climate change adaptation policies. Mitigation and Adaptation Strategies for Global 
Change 12: 495─524. 

Few, R., Brown, K. & E.L. Tompkins (2007). Climate Change and Coastal Manage-
ment Decisions: Insights from Christchurch Bay, UK. Coastal Management 35:2, 
255─270. 

Forbes, K. & J. Broadhead (2007). The role of coastal forests in the mitigation of tsu-
nami impacts. Food and Agriculture Organization of the United Nations. Bangkok. 
Accessed 9.5.2008, available at http://www.fao.org/forestry/site/tsunami/en/ .

Francis, J., S. Mahongo, and A.K. Semesi. (2001). The Coastal Environment. In: 
UNEP/DGIC/URT/UDSM (Eds), Eastern Africa Atlas of Coastal Resources: Tanza-
nia. United Nations Environment Programme, Nairobi, Kenya, pp 9-47.



91

MUSTELIN et al.

Füssel, H.-M. (2007). Adaptation planning for climate change: concepts, assessment 
approaches, and key lessons. Sustainability Science 2: 265─275. Integrated Research 
System for Sustainability Science and Springer 2007. 

Global Sea Level Observing System (2008): African Sea Level Network. Accessed 
28.8.2008, available at http://www.iode.org/glossafrica/.

Goudie, A. & H. Viles (1997). The Earth Transformed: An Introduction to Human 
Impacts on the Environment. 211 p. Blackwell Publishers.

Gössling, S. (2001). The consequences of tourism for sustainable water use on a tropi-
cal island: Zanzibar, Tanzania. Journal of Environmental Management 61, 179─191. 

Hay, J. & N. Mimura (2006). Supporting climate change vulnerability and adaptation 
assessments in the Asia-Pacific region: an example of sustainability science. Sustain-
ability Science (2006) 1, 23─35. 

Hettige, M.L. (1990). Land evaluation and land sustainability classification: Unguja 
and Pemba Islands. Food and Agriculture Organization of the United Nations.

Heywood, I., Cornelius, S. & S. Carver (2002). An Introduction to Geographical In-
formation Systems. Second Edition, 123 p. Pearson Prentice Hall. 

Holmberg, K. & H. Öberg (2006). Climate change in southern and eastern Africa dur-
ing the past millennium and its implications for societal development. Environment, 
Development and Sustainability 8: 185─195.

Ingram, J.C., Franco, G., Rumbaitis-del Rio, C. & B. Khazai (2006). Post-disaster re-
covery dilemmas: challenges in balancing short-term and long-term needs for vulner-
ability reduction. Environmental Science & Policy 9: 607─613. 

Intergovernmental Panel on Climate Change (2007). Climate Change 2007: Synthesis 
Report. Fourth Assessment Report. http://www.ipcc.ch/ipccreports/ar4-syr.htm. Ac-
cessed  2.5.2008. 

Kende-Robb, C. & W. A. Van Wicklin III (2008). Giving the Most Vulnerable a Voice. 
95─126 pp. In Ahmed, K. & Sánchez-Triana (Eds), Strategic Environmental Assess-
ment for Policies- An Instrument for Good Governance. 219 p. The World Bank, 
Washington. 

Kent, P.E., Hunt, J.A. & D.W. Johnstone (1971). Geology and Geophysics of Coastal 
Tanzania. In Geophysical Paper no. 6, HMSO, London.



92

TURKU UNIVERSITY DEPARTMENT OF GEOGRAPHY PUBLICATIONS B

Kent, M. & P. Coker. (2003). Vegetation Description and Analysis: A Practical Ap-
proach. 363 p. John Wiley & Sons. 

Kikkawa, J. & Derek, J. Anderson. (1986). Community Ecology: Patterns and Proc-
ess. 432 p. Blackwell Scientific Publications.

Klein, R. (2008). The Edaphic Landscape of Unguja Island, Zanzibar: An exploratory 
study on the relation between soil variability and the landscape. 85 p. Turku University 
Department of Geography Publications B: 11. Digipaino, Turku.

Klein, R. & J. Käyhkö (2008). The general character of Unguja landscape. 33─38 p. In 
Käyhkö, N., Orjala, M. & J. Mustelin (Eds). Sustainable Landscapes in Zanzibar. 152 
p.Turku University Department of Geography Publications A: 172. Digipaino, Turku.

Kombo, Y.H & M.M. Kitwana. (1997). Coral rag fertility improvement; Farmers’ in-
digenous knowledge and practices. Commission of Natural Resources. Forestry Tech-
nical Paper no. 72. Zanzibar.

Kombo, Y.H. (2003). The Alien Invasive Species and Their Potential Threats to the 
Fragile Ecosystems of Zanzibar. Forestry technical Paper No 149. 10p.

Kombo, A.H. & ACRA (2008). ACRA Pro-poor Tourism: Impact of Tourism in Jam-
biani Area, Summary Report. 36 p. Associazione di Cooperazione Rurale in Africa e 
America Latina (ACRA) & Hands Across Borders. 

Krain, E. (1998). The agrarian constitution of Zanzibar and its impacts on agricultural 
development. Studien zur Wirtschafts und Agrapolitik 17. 206 p. Witterschlick/Bonn.

Käyhkö, N., Orjala, M. & J. Mustelin (Eds) (2008). Sustainable Landscapes in Zan-
zibar. 152 p. Turku University Department of Geography Publications A: 172. Digi-
paino, Turku.

Lange, G-M. Marine conservation: how economic valuation of ecosystem services’ 
can help: A case study from Zanzibar. A forthcoming chapter in The Evaluation of 
Marine Ecosystem Services: A Gap Analysis. World Bank, forthcoming 2009. 

Lewsey, C., Cid, G. & E. Kruse (2004). Assessing climate change impacts on coastal 
infrastructure in the Eastern Caribbean. Marine Policy 28: 393─409. 

Lubke, R.A. (1985). Erosion of the Beach at St Francis Bay, Eastern Cape, South Af-
rica. Biological Conservation 32, 99─127.

Mahongo, S. (2006). Impacts of Sea Level Change. Presentation for ODINAFRICA/
GLOSS Training Workshop on Sea-Level Measurement and Interpretation. Oostende, 



93

MUSTELIN et al.

Belgium, 13-14 November 2006.

Makame, J.K., Asha A. Khatib, Haji M. Ali, Suleiman M. Nasser, Farhat A. Mbarouk, 
Mlenge H. Juma, Omar Said Faki, Ali Ussi Basha, Salim M. Mohammed & Said A. 
Othman (2000). Progress in Integrated Coastal Management for Sustainable Devel-
opment of Zanzibar’s Coast, Unguja Island Coastal Profile and Management Strategy; 
Report Prepared within the project “Protection and Management of the Marine and 
Coastal Areas in the Easter African EAF/5-II”. East African Regional Seas Technical 
Reports Series 7, UNEP/FAO/PAP/2000.

Masalu, D.C.P. (2000). Coastal and marine resource use conflicts and sustainable de-
velopment in Tanzania. Ocean & Coastal Management 43: 475─494. 

Masalu, D.C.P. (2002). Coastal Erosion and Its Social and Environmental Aspects 
in Tanzania: A Case Study in Illegal Sand Mining. Coastal Management 30: 4, 
347─359. 

Mascarenhas, A. & S. Jayakumar. (2007). An environmental perspective of the post-
tsunami scenario along the coast of Tamil Nadu, India: Role of sand dunes and forests. 
Journal of Environmental Management, doi:10.1016/j.jenvman.2007.01.053.

McFadden, L. (2007). Vulnerability analysis in environmental management: widening 
and deepening its approach. Environmental Conservation 34 (3): 195─204. Founda-
tion for Environmental Conservation. 

Middleton, N. (1999). The Global Casino: An Introduction to Environmental Issues. 
Second Edition. 87─102 p. Arnold Publishers, London.

Mimura, N., Nurse, L., McLean, R.F., Agard, J., Briguglio, L., Lefale, P., Payet, R. & 
G. Sem (2007). Small Islands .687─716 p. In Climate Change 2007: Impacts, Adapta-
tion and Vulnerability. Contribution to the Working Group II to the Fourth Assessment 
Report on the Intergovernmental Panel for Climate Change. Parry, M.L., Canziani, 
O.F., Palutikof, J.P., van der Linden, P.J. & C.E. Hansen (Eds.). Cambridge University 
Press. Cambridge UK. 

Muhando, C., Mgaya, Y. & J. Daffa (2001). Coastal Resources and their use. 49─76. 
In: Eastern Africa Atlas of Coastal Resources─ Tanzania. 111 p. United Nations En-
vironmental Programme. Nairobi.

Mustelin, J. (2007). Tourism, resource access and power in Zanzibar, Tanzania: ex-
amining the linkages between tourism, coastal communities and the coastal environ-
ment. 108 p. Turku University Department of Geography Publications B: 10. Digi-
paino, Turku. 



94

TURKU UNIVERSITY DEPARTMENT OF GEOGRAPHY PUBLICATIONS B

National Adaptation Programme for Action (NAPA) for Tanzania (2006). Division of 
the Environment. April 2006. 48 p. www.napa-pana.org/private/modules/knowledge-
box/io/file.php?entry=681&field=22 -. Accessed 30.4.2008. 

Newell, B.S. (1957). Cited in: Dubi, A. (2000). Coastal Erosion. In ed. Ngusaru, A.S. 
Tanzania Coastal Management Partnership: The Present State of Knowledge of Ma-
rine Science in Tanzania Synthesis Report. Tanzania Coastal Management Partner-
ship Support Unit, Science and Technical Working Group.

Nicholls, R. J. (2000). Sea-level Rise and Africa: an Outsider’s View. In de la Vega-
Leinert, A.C., Nicholls, R.J., Nasser Hassan, A. & M. El-Raye (Eds). Proceedings of 
the SURVAS Expert Workshop on: “African Vulnerability & Adaptation to Impacts of 
Accelerated Sea-Level Rise (ASLR)”. www.survas.mdx.ac.uk/pdfs/cairopro.pdf. Ac-
cessed 15.7.2008. 

Nicholls, R.J. & J.A. Lowe (2004). Benefits of mitigation of climate change for coastal 
areas. Global Environmental Change 14: 229─244. 

Nicholls, R.J., Wong, P.P, Burkett, V.R., Codignotto, J.O., Hay, J.E., McLean, R.F., Ra-
goonaden, S. & C.D. Woodroffe (2007). Coastal systems and low lying areas. 315─356 
p. In Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution to the 
Working Group II to the Fourth Assessment Report on the Intergovernmental Panel 
for Climate Change. Parry, M.L., Canziani, O.F., Palutikof, J.P., van der Linden, P.J. & 
C.E. Hansen (Eds.). Cambridge University Press. Cambridge UK. 

Nordlund, L. (2008). Socio-ecological approach to human exploitation of invertebrates 
in seagrass meadows in northern Zanzibar, Tanzania. 43 p. Master’s thesis in Biology, 
Department of Systems Ecology, University of Stockholm.

Noronha, L. (2004). Coastal management policy: observations from an Indian case. 
Ocean & Coastal Management 47: 63─77. 

Nyandwi, N. (2001). Survey of the extent of human-induced beach erosion problems in 
Tanzania. Institute of Marine Science, University of Dar es Salaam. 
Accessed 3.7.2008, gridnairobi.unep.org/chm/EAFDocuments/Tanzania/Human_in-
duced_beach_erosion.pdf. 

Odada, E.O. (1993). Coastal Erosion and Flooding in East Africa and the Western 
Indian Ocean. In Linden, O. (Ed) Proceedings of the Workshop and Policy Confer-
ence on Integrated Coastal Zone Management in Eastern Africa including the Island 
States: Report from the Swedish Agency for Research Cooperation with Developing 
Countries Marine Science Program. Univesity of Dar es Salaam, Ministry of Tour-
ism, Natural Resources and Environment Tanzania, Swedish Agency for Research 
Cooperation with Developing Countries.



95

MUSTELIN et al.

O’Brien, K. Eriksen, S., Sygna L. & L.O. Naess (2006). Questioning Complacen-
cy: Climate Change Impacts, Vulnerability, and Adaptation in Norway. Ambio 35:2, 
50─56.

Olsen, S. & P. Christie (2000). What Are We Learning from Tropical Coastal Manage-
ment Experiences? Coastal Management 28: 5─18. 

Open Dialogue Day report Jambiani- Zanzibar, March 15th 2008. Associazione di 
Cooperazione Rurale in Africa e America Latina (ACRA).

Orjala M (2006). Lifeworld and its reflections in rural communities: The Interaction 
between an Individual, a Village Community and Nature on the Island of Unguja in 
Zanzibar. 124 p. Turku University Department of Geography Publications B: 8. Digi-
paino, Turku. 

Osman-Elasha, B. (2007). Africa’s vulnerability. 3─9 p. Tiempo 63 April 2007. Avail-
able at www.tiempocyberclimate.org. 

Paavola, J. & W.N. Adger (2006). Fair adaptation to climate change. Ecological Eco-
nomics 56: 594─609. 

Paavola, J. (2006). Justice in Adaptation to Climate Change in Tanzania. 201─222 p. 
In: Adger, W.N., Paavola, J., Huq, S. & M.J. Mace (Eds.) Fairness in Adaptation to 
Climate Change. 319 p. Massachusetts Institute of Technology. The MTI Press, United 
States of America. 

Patt, A.G. & D. Schröter (2008). Perceptions of climate risk in Mozambique: Implica-
tions for the success of adaptation strategies. Global Environmental Change (2008), 
in press. 

Payet, R. & D. Obura (2004). The Negative Impacts of Human Activities in the East-
ern African Region: An International Waters Perspective. Ambio 33: 1─2,  24─33. 
Royal Academy of Sciences. 

Pelling, M. & J.I. Uitto (2001). Small island developing states: natural disaster vulner-
ability and global change. Environmental Hazards 3: 49─62. 

Phillips, M.R. & A.L. Jones (2006). Erosion and tourism infrastructure in the coastal 
zone: Problems, consequences and management. Tourism Management 27, 517─524. 

Ragoonaden, S. (2006). Sea Level Activities and Changes on the Islands of the West-
ern Indian Ocean. Western Indian Ocean Journal of Marine Science 5: 2, 179─194. 



96

TURKU UNIVERSITY DEPARTMENT OF GEOGRAPHY PUBLICATIONS B

Ramessur, R.T. (2002). Anthropogenic-driven changes with focus on the coastal zone 
of Mauritius, south-western Indian Ocean. Regional Environmental Change 3: 1─3, 
99─106. 

Reading, A.J., Thompson, R.D. & A.C. Millington (1995). Humid Tropical Environ-
ments. 429 p. Blackwell Publishers Ltd. Cornwall. 

Richmond, M.D. (1997). A Field Guide to the Seashores of Eastern Africa and the 
Western Indian Ocean Islands. Second Edition. 461p. Sida/Department of Research 
Cooperation, SAREC, and University of Dar es Salaam.

Shaghude, Y.W., Dubi, A.M., Nyandwi, N. & A.N.N. Muzuka. Investigation of the sta-
tus of the shoreline changes in Zanzibar and the applied mitigation measures. Forth-
coming manuscript. Institute of Marine Science, Department of Physical and Applied 
Sciences, University of Dar es Salaam.

Shoreline Change in the Western Indian Ocean Region (s.a.). United Nations Envi-
ronment Programme. Accessed 1.5.2008, available at www.gpa.unep.org/document.
html?id=287 

Shufaa & Betlem. (1996). Cited in: Dubi, A. (2000). Coastal Erosion. In Ngusaru, A.S. 
(Ed.)Tanzania Coastal Management Partnership: The Present State of Knowledge of 
Marine Science in Tanzania Synthesis Report. Tanzania Coastal Management Part-
nership Support Unit, Science and Technical Working Group.

Sitari, T. (2005). Forestry in the community Lifeworld in Unguja, Zanzibar. 37─58. In 
Forestry, Community and Biodiversity in Zanzibar. Sitari (Ed.) 90 p. Turku University 
Department of Geography Publications B: 3. Newsprint, Raisio.

Smit, B. & J. Wandel (2006). Adaptation, adaptive capacity and vulnerability. Global 
Environmental Change 16: 282─292. 

State of the Environment ─ Report for Zanzibar 2004/2005. Revolutionary Govern-
ment of Zanzibar. 

Sutherland, K., Smit, B., Wulf, V. & T. Nakalevu (2005). Vulnerability in Samoa. 
11─15 p. Tiempo 54 January 2005. Available at www.tiempocyberclimate.org. 

Tagliani, P.R.A., Landazuri, H., Reis, E.G., Tagliani, C.R, Asmus, M.L., & A. Sánchez-
Arcilla (2003). Integrated coastal zone management in the Patos Lagoon estuary: per-
spectives in the context of developing country. Ocean & Coastal Management 46: 
807─822. 



97

MUSTELIN et al.

Technical Recommendations of the Workshop on Integrated Coastal Zone Manage-
ment in Eastern Africa including the Island States. 315─323 p. In Linden, O.(1993).  
Proceedings of the Workshop and Policy Conference on Integrated Coastal Zone Man-
agement in Eastern Africa including the Island States. Linden, O. (Ed) 1993. Swedish 
Agency for Research Cooperation with Developing Countries, University of Dar es 
Salaam & Ministry of Tourism, Natural Resources and Environment, Tanzania.

Thia-Eng, C. (1993). Integrated Coastal Zone Management: the Southeast Asian Expe-
rience. In ed. Linden, O. Proceedings of the Workshop and Policy Conference on In-
tegrated Coastal Zone Management in Eastern Africa including the Island States: Re-
port from the Swedish Agency for Research Cooperation with Developing Countries 
Marine Science Program. Univesity of Dar es Salaam, Ministry of Tourism, Natural 
Resources and Environment Tanzania, Swedish Agency for Research Cooperation 
with Developing Countries.

Tobey, J. & E. Torell (2006). Coastal poverty and MPA management in mainland Tan-
zania and Zanzibar. Ocean & Coastal Management 49: 834─854. 

Tolvanen, H. & T. Suominen. (2005). Quantification of openness and wave activity in 
archipelago environments. Estuarine, Coastal and Shelf Science 64: 436 – 446. 

Tompkins, E.L. (2005). Planning for climate change in small islands: Insights from na-
tional hurricane preparedness in the Cayman Islands. Global Environmental Change 
15: 139─149. 

Tompkins, E.L., Few, R., & K. Brown (2007). Scenario-based stakeholder engage-
ment: Incorporating stakeholders preferences into coastal planning for climate change. 
In press. Journal of Environmental Management 2007. 

Torell, E., Amaral, M., Bayer, T.G., Daffa, J., Luhikula, G. & L.Z.Hale (2004). Build-
ing enabling conditions for integrated coastal management at the national scale in 
Tanzania. Ocean & Coastal Management 47: 339─359. 

Tri, N.H., Adger, W.N. & P.M. Kelly (1998). Natural resource management in mitigat-
ing climate impacts: the example of mangrove restoration in Vietnam. Global Envi-
ronmental Change 8: 49─61. 

Türker, U., Yagci, O. & M.S. Kabadaşh (2006). Analysis of coastal damage of a beach 
profile under the protection of emergent vegetation. Ocean Engineering 33, 810─828. 

Ubwani, Z. (2008). Zanzibar, Mafia Islands to vanish in 100 years. Daily Monitor. 
Published May 13 2008.,http://www.monitor.co.ug/artman/publish/news/Zanzibar_
Mafia_islands_to_vanish_in_100_yrs_65078.shtml. Accessed 1.7.2008. 



98

TURKU UNIVERSITY DEPARTMENT OF GEOGRAPHY PUBLICATIONS B

Vaitoti, T. (2008). The Cook Islands. 3─6 p. Tiempo 66 January 2008. Available at 
www.tiempocyberclimate.org. 

Van Aalst, M.K., Cannon, T. & I. Burton (2008). Community level adaptation to cli-
mate change: The potential role of participatory community risk assessment. Global 
Environmental Change 18: 165─179. 

Van der Merwe, J.H. & G. Lohrentz (2001). Demarcating Coastal Vegetation Buffers 
with Multicriteria Evaluation and GIS at Saldanha Bay, South Africa. Ambio, 30 (2), 
89─95.

Westmacott, S. (2002). Where Should the Focus be in Tropical Integrated Coastal 
Management? Coastal Management 30: 67─84. 

Wisner, B., Blaikie, P., Cannon, T. & I. Davis (2004). At Risk: Natural hazards, peo-
ple’s vulnerability and disasters. Second Edition. 471 p. Routledge Taylor & Francis 
Group. London & New York. 

Woodroffe, C.D. (2002). Coasts: Form, process and evolution. 623 p. Cambridge Uni-
versity Press.

Yohe, G. & R.S.J. Tol (2002). Indicators for social and economic coping capacity 
– moving toward a working definition of adaptive capacity. Global Environmental 
Change 12: 25─40. 

 



99

MUSTELIN et al.

11. Appendixes

Appendix 1. Semi-structured interview structure for community interviews

Community Interviews

Changes on the beach and intertidal zone area

- Changes on the beach and intertidal zone area?
- Any area where specific changes
- Coast 20-30 years ago: vegetation, extent of the waves, coastal erosion or  
 sedimentation (sand banks)?
  the coastal environment then? 
- Tidal action: stronger waves? Sea rising on the beach?

- Fishermen: 
- Changes in the sea level, crossing the reef? 
- Other changes in the coastal environment? 
- Changes in fishing places? Possible causes? 
- Coral reefs’ condition? 

- Seaweed farmers: 
- Changes in the tidal waves? 
- Seaweed farming conditions? 
- Quality of the water: any change? 
- Changes in the coastal environment?

- Opinions on the causes of changes on the coastal area?
- Measures to strengthen the coastal area? What should be done? 
- Tree planting as an option? 
- Changes in rain seasons? 
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Appendix 2. Questionnaire for hotel managers

Questionnaire for hotel managers/owners in Zanzibar                             

Name of the hotel:
Opening year of the hotel:
Number of rooms: 

1. Have you noticed any changes in the environment near your hotel?  
 Yes □ No □

 If yes, what kind: 

2. Is your hotel area affected by coastal erosion?    
 Yes □ No □

 If yes, which areas and how: 

3. Has your hotel taken action regarding the coastal environment?  
 Yes □ No □

 If yes, what kind: 

4. How can the tourism industry help to manage the coastal areas?  

5. What kind of cooperation would you like with the local communities? 

6. What future expectations do you have regarding the management of coastal  
 areas in Zanzibar?

7. Any other important issues you wish to share: 
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Appendix 3. Fieldwork Questionnaire for hotel managers

Fieldwork questionnaire for hotel managers/owners

Hotel:      Date:
Opening year: 
Position of the respondent:
Hotel location: Kiwengwa Matemwe Nungwi Paje 
Owner of the hotel: 

1. Does your hotel have an environmental management plan?   
 Yes □ No □

 If yes, what kind? 

2. Do you think hotels should have coastal management plan?   
 Yes □ No □

3. Are there any restrictions for hotels regarding the coastal environment and  
 its use in Zanzibar?         
 Yes □ No □

 If yes, what kind and by whom?

4. Do you have cooperation with local communities in the area?     
 Yes □ No □
 If yes, what kind? 

 Have there been any issues/problems in this cooperation?    
 Yes □ No □
 If yes, what kind?

5. Have you noticed environmental changes near your hotel area?   
 Yes □ No □
 If yes, what kind?

6. Does your hotel have impacts on the environment?    
 Yes □ No □

7. Are your customers concerned about environmental issues?   
 Yes □ No □
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8. Are you personally concerned about issues such as the predicted climate   
 change and its impacts?         
 Yes □ No □

 If yes, what issues?

9. Do you think climate change will have adverse effects on tourism in Zanzi 
 bar?           
 Yes □ No □

10. Future issues/anything else you would like to address? 
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Abrus precatorius Mchechepwa

Allophyllus aldabricus Kinanga chenge

Allophyllus parvillei Mchembelele

Ancylobotrys petersiana Mtowe

Apodytes dimidiata Muwongoti

Artocarpus heterophyllus Mfenesi

Asparagus africanus Kinywele

Bersama abyssinica Mwangakwao

Boravya spp Mwatawata

Bridelia  carthatica Mkaa kaa

Caesalpinia bonduc Mkomwe

Canavalia rosea Mbamba kofi

Canavalia rosea Mfiwi mwitu

Canthium mombasica Mkonge dume

Carica papaya Mpapai

Carpodiptera africana Muanga

Cassytha filiformis Mlangamia 

Cassytha filiformis Msheta kanga          

Clausena anisata Mwavikali

Clematis spp Kitatu

Clerodendrum glabrum Mbebeta uvundo

Clerodendrum myricoides Mrija

Cocos mucifera Mnazi

Commelina penghalensis Kongwa

Crotolaria natalilia  Mbirimbi mwitu       

Croton pseudopulchellus Mgeuka

Cucunus aculeatus Mtango kima

Cussomia zimmermanii Mpapai dume

Cyphostemma njegerre Mzabibu

Cyphostemma njegerre Mzabibu mwitu

Dactyloctenium giganteum

Dalbegia vaccinifolia Mvyongozi

Deinbollia borbonica Mbuyu mwaka

Dichrostachys cinerea Mgunga

Diospyros consolatae Mkururu

Dodonea viscosa Mbebeta

Dovyalis macrocalyx Mgo kitako

Annex 4. Plant species in the research area
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Ehretia amoena Mbunduki

Encephalartos hildebrandtii Mgwede

Ethulia conyzoides Mbangi wazimu

Euclea natalensis Mkumba

Euclea natalensis Msiliza

Euclea racemosa Mdaa

Euclea schimperi Mchanga

Eugenia capensis Mkaaga

Ficus ingens Mlaninga

Ficus scassellatii Mkuyu mweusi

Ficus sur Mkuyu

Ficus sur Mkuyu mkubwa

Ficus sur Mkuyu mkuu

Flacourtia indica Mgo

Flueggea virosa Mkwamba

Gloriosa superba Mkalamu

Gonatopus boivinii Uanga dume

Grewia bircola Mkole

Grewia mollis Mkole mpwa

Guettarda speciosa Mkungu mpwa

Harrisonia abyssimia                                                         Kuche la simba       

Hoslundia opposita Mnunu

Ipomea pescoprae Mlakasa

Jusminum mauritianum Muasumini mwitu

Lantana camara Mlakunguru

Leptactina platyphylla Mbuni mwitu

Leptactina platyphylla Mpopoo mwitu

Lumnitzera racemosa Kidaramba cha pwani

Macphersonia gracilis Mjoma

Mallotus oppositifolius Mtumbika

Mariscus dubius Ndago

Maytenus mossambicensis Mnusi

Melhania  ovata Manunga

Millettia  usaramensis Mpava

Mimusops fruticosa Mnyevuu

Monodora grandidieri Mchofu

Mononthataxis fornicata Mchakuzi

Mystroxylon aethiopicum Kifugu
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Mystroxylon aethiopicum Mchopaka

Olea woodiana Kidaramba

Ozoroa obovata Mngombe

Pandanus kirkii Mkadi

Passiflora foebida Mpesheni

Pavonia urens Dunguza

Pentas carnea Pentas

Physalis ixocarpa Mnavu dume

Pittosporum viridiflorum Mpande

Polysphaeria paruifolia Mlapaa

Portulaca oleraceae Mboga ya pwani

Psiadia punctulata Mbaazi msitu

Psychotria bibracteatum Mkonge

Psychotria capensis Kirukia

Psychotria goetzei Mti mafuta

Punicum trichocladium Ukoka 

Pyrostia bibracteata Mkonge

Rapanea melanophloea Mkangarashamba

Rawsonia lucida Mpera mwitu

Rhoicissuis revailii Mtongo

Rhus  natalensis Mkumba

Rhus longipes Mchengele

Ricinus communis Mbarika

Ritchiea capparoides Kisisi

Salacia elegans Mpwipwi

Sansevieria kirkii Mkatani pori

Scaevola sericea Mdeke

Senna petersiana Muumbuzi

Sesbania bispinosa Mzalia nyuma

Sideroxylon inerme Mkandika

Sideroxylon inerme Mnguji nguji

Stachytarpheta jamaicensis Kikwaya kwaya

Sterculia africana Muoza

Strychnos  spinosa Mtonga

Suregada zanzibarensis Mdimu msitu

Synaptolepis kirkii Mbibi kiu

Tarenna graveolens Mliwa

Tarenna pavettoides Mlashore
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Terminalia boivinii Mkunguni

Turraea floribunda Mtama goa

Uapaca guineansis Mchenza mwitu

Uapaca guinensis Mchenza msitu

Vernonia zanzibarensis Mtukutu

Unidentified Mbovu kichwani

Unidentified Mbupuri

Unidentified Mchofu mkubwa

Unidentified Mgo mweupe

Unidentified Mlinda mji

Unidentified Mnungu

Unidentified Mnusi mwekundu
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