
Assessment and monitoring of

climatic change impacts on
mangrove ecosystems

UNEP Regional Seas Reports and Studies No. 154

Prepared in cooperation with



No!g This document wae prq:a,ed l;ndec Pro"e~ts FPi5'Il7_S6_02 an,j FPJ5101-9G-03 "s a
con:r'tuliO" ot the Oceans and Coastal Areas P,ogr~mme Activity Centre (OCAJPAq to .
Gioh~t C:iOl3te Cb"ga Programme c,f ti,e United N~tjons Environment rmgraP1lne (UNE:

The designations emp,loy~d and t.lD p,'hodEVon "f toe materia' ,n the ,'JGcu",en~ do rilt,
thE p.xpresslcm of any 0p'lnion whatsoe\'~r on the p?-rt ct l!'.EP co,"ocming lho 'egal statu'
any Stale, Terrilmy, city Or area, cr ;ts euthorrtles. or concerning H-,e daiimitalicr 0' its f-or
or "oond"ries. The doc~mG~t conts "',; the V'I,]WS AxVesseo by the 8l,;thors act'ng 'n their
indiVidual capacities a~d may not n2G~ss,sri;y 'etlPet t-ie views of UNEP

For bibHogmphi;; pUlposes, [~is document may 1M" cited as:



PREFACE

The closely-related issues of greenhouse emissions, ~Iobal warming and climate change have
recently come to tile top of the International environmental agenda, In particular, concerns over the
problems expected to be associated with the po~ential Impacts orcneete chanqe have grown over the past
decade and captured tile attention of fhe scientific community, the politicians, decision makers, as well as
the private and public sectors. These problems may prove to be among the major enVironmental problems
lacing the marine environment and adjacent coastal areas In the near tuture. Therefore, and in line with
Decision 14/20 of the Governing Council on "Global Climate Change", the Oceans and Coastal Areas
Programme Aeliv;ty Centre (OCAIPAC) of the United Nations Environment programme (UNEP) euncneu
and supported a number of ectivities designed to assess the potential impact of climate change and to
assisttheGovemmen1s concerned In identffieation and Implementation ofsuitable response measures which
may mitigate the negative consequences of the impact.

Since 1987 to date, Task Teams on lmplcauons of Climate Change were established for eleven
regions covered by the Regional Seas progremme: Mediterranean, Wider caribbean, South Pacific,
East Asian Seas, South Asian Seas, South-East Pacific, Eastern Africa, West and Central Africa, the Kuwait
Action Plan region, the Red Sea and Gulf of Aden and the Black Sea. Some of these Regional Task Teams
enjoy the support 01 the Intergovernmental Oceanographic Commission (IOC)' of UNESCO and other
relevant international, regional and nol'liiovemmentai organizations In add~lon, two Global Task Teams
on Expected Impacts of Climate Change on Coral Reefs and on Mangroves were eslabllshed In cooperation
with IOC and UNESCO respectively

The initial objective of these Task Teams was to prepare regional and global oveMews and site
specific case studies on the possible impact of predicted climate change on the ecological systems, as well
as on the socio-<'lCOnomic activities and structures, based on the climate change models/scenarios
developed by the Intergovernmental Panel on Climate Change (IPCG) and widely accepted by the
international scientific ccrnmunhy

These overviews are expected to examine at the regional and global levels the possible effects of
the sea-level rise and temperature elevations on Ihe coastal, terrestlial and aquatic ecosystems Including
deltas, estuaries. wetlands, coastal plains, coral reefs, mangroves, lagoons, etc.. and to examine the
possible effects of cfimatic, physiographic and ecological changes On the socio-economic structures and
activities, and determine the areas or systems which appear to be most vulnerable to the above effects,

The global overviews were inlended to account for the al).ove effects on both the coral reels and
mangroves as important, crjtlcal and vulnerable ecosystems.

FOllowing thecomplelion of these regionai overviews, and based on their findings, site~peciriC case
studies are developed by Ihe Task Teams for areas identified as most vulnerable and needing urgent
attention. The results of these case studies should provide expert advice to the national authorities
concerned in defining specifiC policy options and surtable response meaSUreS for the protection and
sustainable development of these ecosystems.

The work of the Task Team on Mangroves, organized and supported by UNESCO, was completed
in 1993 and was led by Prof. Colin Field, who acled as Coordinator of the Task Team. The present reJXlf\
is largely based on the contributions by Ihe individual members oflhe Task Team, whose cooperation with
the Task Team Coordinator is hereby acknowledged and appreciated (see Foreword).



FOREWORD

In November 1991, COMAR (of UNESCO) invijed a II'nel of 16 experts, on behalf of
UNEP/UNESCO, to a preparalory task team meetJng to cons!der '~he Impact of Expected Climate Changes
on Mangroves", in Bangkok, Thailand. The report 01 the meeting was published by UNESCO (19926).
Subsequent to this meeting, COMAR cre"ted a 14-rnember UNEPIUNESCO Task Team on the "Jmp"ct of
Expected Ctimate Change On Mangroves". UNEP, loe, and WMO had separately recognized the need to
focus studies on mangrove ecosystems related to climate change ooe, 1991).

The first meeting of the UNEPIUNESCO Task Team was held in Rio de Janeiro 1-3 June 1992, and
the resutts were pUb~shed by UNEP/UNESCO (1992b). The primary role of the Task Team is to advise
on the design, oeveiopment, and organization of the proposed global monlloring of Ille effect of climate
change on mangroves, The Task Team agreed to ur-derteke three Inltlatlvea to support its prim"ry
objectille. These were:

a) to c"rry out a review of the literature and to prepare an overview of some aspeels of expected
glob"l change on mangrove ecosystems and the probable affects on the exploitation of the system,
with the aim of identifying policy options "00 suiteble response measures

b) to prepare three specific case studies involving low island, arid coast and deltaic sites, it was
considered that these sites would prov'lde a representat'lve range of mangrove habitats and would
provide experience of experimental design, data collection and analysis, lhat would be invaluable
for the successful establishment of a long-term m"ngrove monitoring system.

c) to prepare a position paper on the theoretical and technical basts for data acquislljon, experimental
deslgn and the analysis of data, indUding possible modelling approaches, that couk:l be used for
the development of the specific case studies and the long-term monitoring programme concamed
with mangrove ecosystems.

It became clear after some initial consideration of the tasks that had to be undertaken that the most
coherent approach would be to combine the outcome of initiatille (1) and initiative (3) and tc plesent the
fiM,ngs as a conscrdated report. An initial draft of the report was prepared by a sub"9roup of the Task
Team, consistlrlg of Bjorn Kjerfve (Convenor), Donald Macintosh, Barry Clough and Sang" Sabhaart, at a
preliminary meeting in Phuket, Thailand.

A Meeting of the Task Team in Okinawa, Japan In July 1993, considered the initJal draft report and
recommended that ij be ex,oandad by the addition of further contributions from members of the Task Team
The final report contains a review of lhe relevant literature, some policy options and the recommended
criteria for select'lng mangrove monitoring and study sites. The Task Team also recommended that the
report be published by UNEP

Colin Field
Charman
UNEP·UNESCO Task Team on the Impact of Expected
Climate Change On Mangroves
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1. EXECUTIVE SUMMARY

As mangroves are one ofthe most prominent coastal ecosystems in tropical and many subtropical
areas around the world, it is likely that the impact by climate change on mangroves will have 9realer
economic and social significance.- when compared to the effect 01 climate change on most otller coaslal
ecosyslems, Mangrove ecosystems consist largely 01 lrees with life spans olthe order of several decades,
so that long-tenn climate change may be gauged by structural and functional responses of mangrove
communnies. other Iroplc3l and SUbtropical coastal ecosystems, such as salt marshes and seaqrass beds,
exhiM more pronounced short-term varlabil~y because of seasonal and interannual fluctuations, and nun
over too quickly to be useful for gauging climatic change,

The uncertainly and variability of climate change is still much debated and far from universally
accepted. The purpose 01 this rej)Ort is nol to argue whether gtobal climatic change is occurring, but rather
to assess tile expected lype and magnitude of impacts on mangrove ecosystems, if and when global climate
change does occur. Coaslal ecosystems, including mangroves, are especially vulnerable because of
economic and SOCial pressures in addition to their location at land_sea margins.

Mangrove ecosystems cover approximately 15 million hectares globally, wilh 6.9 million hectares
in the Indo-Pacific Region, 4,1 rrulfon hectares in South and Central America and the Caribbean. and 3.5
million hectares in Africa. The important communities Of plants, animals, and microbes found in mangrove
ecosystems are described in the report

Throughout the world, mangroves have considerable environmental and eoological values as well
as proViding significant sodo-economic benefits to national and local economes and local communilies.
Mangrove ecosystems, because ot their location, are expected to be amongst the first ecosystems 10 be
affeGted by any glObal climatic change, in partiCUlar from the effects of increasing sea level and changes
in wind, wave. current, and storm pattems.

The Intergovernmental Panel on Climale Change (IPCG) scenarios for climate change have been
used here as the basis for projecting future trends regarding climate change on mangrove ecosystems and
they are presented in Table 4 01 the report.

Major responses by mangrove ecosystems to predicted climate changes are estimated as follows:

a) Rise in global mean Sea level

It is estimated that the global mean s"" level will rise by 6.0 em per decade as a resuft of global warming.
11 is difficult to estimale the changes in local relative sea ievel. It is expected that:

• Mangrove communITies will progress landward il accretiOn of sediment is sufficienl or unless
constrained by topography

• Erosion along the seaward margins of mangr""e systems will increase.

• Rate of sea-levet rise will detcnnine whether mangroves Can fe-€slablish.

• Secondary productivity per unit area wilt probably increase due to grealer availability of nutrients
due to erosion,

b) Increase in atmospheric CO, concentration.

It is estimated that the atmOSPheric ievel of CO, will increase by 0.5% per year It is expected that

• Mangrove canopy photosynthesis will not be significantly increased.
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