The Economics of Climate Change
in Zanzibar

2. Projections of Climate Change and
Sea Level Rise for Zanzibar

Technical Report.
May 2012

for

Summary
The study has provided projections of future climate change and sea level rise for Zanzibar, the
former using island-specific downscaling data. The findings are summarised below.
A full write-up of the climate projections is included in a technical report, available on the project website at http://www.economics-of-cc-in-zanzibar.org/.
Projections of Temperature and Precipitation
For this study, future climate projections for the medium-long (2040-2060) and long-term (2080-2100)
have been reported, using statistically downscaled global modelling for Zanzibar, i.e. using local
meteorological data from the islands. Some notes and caveats on the interpretation of these data are
given in the box below.
The key findings are:


Temperature. The climate models project significant increases in average temperature for
Zanzibar, with increases in maximum monthly temperature of 1.5 to 2°C by the 2050s (20452065) and 2 to 4°C by the 2090s (2081-2100), with a fairly similar increase across the months of
the year. These increases far exceed the rates of changes seen over the past 50 years and
would significantly shift the climate of the islands. A summary is included in the box below.



Rainfall. The changes in precipitation are more complex. All the climate models show that the
rainfall regime will change but the projections vary across the models and seasons. Nonetheless,
there are consistent trends projected of increasing rainfall during the Mar-May wet season, as well
as an increase in January and February. There is also a trend of decreasing rainfall during the dry
season (June – October). These changes would exacerbate existing trends (i.e. increased rainfall
during the rainy season, lower rainfall during the dry seasons). A summary is included in the box
below.



Extreme events. The information on extreme events (floods and droughts) is also complex,
though again, some clear trends emerge. Nearly all the models indicate an intensification of
heavy rainfall, especially during the rainy season, and thus greater flood risks. The models also
indicate an increasing intensity of dry spells during the dry season. However, while these trends
suggest possible increases in numbers and/or intensification of extreme events, the effects of
climate change on the regional climate, and particularly on El Niño and La Niña events, is not yet
well understood.

Projections of Future Sea Level Rise and Other Coastal Effects
As a small island, a critical issue for Zanzibar is the rise in sea level from climate change.


Sea level rise. Rising temperatures, associated with ocean expansion and ice melt, will lead to
sea level rise. The IPCC (2007) projected global average increases of between 0.2metre and 0.6
metres of sea level rise over the next century, but more recent studies have reported the upper
estimates could be as much as 1 metre or even more. These projections need to be compared
against other factors (natural land up lift or subsistence) to give relative sea level rise, but
currently there is not sufficient data on these other trends for the islands. Investigating these other
factors is therefore a priority. Nonetheless, there is a strong projected trend of increasing sea
level which will have potential effects for many areas of the islands.



Sea temperature and ocean acidification. Alongside sea level rise, there are a number of other
trends projected from climate change. These include rising sea temperatures and ocean
acidification, the latter arising from the absorption of atmospheric CO2 levels and decreasing
seawater pH. These have will lead to potential impacts to marine ecosystems, particularly corals.

A Summary of the Climate Projections for Zanzibar
TEMPERATURE. All the climate projections show increasing temperatures (average and extremes)
for Zanzibar, though the level of increase varies slightly across the models. The figure below shows
the changes for the 2040 – 2060 time period.
The top box shows the absolute modelled temperatures, with the current climate shown in grey, and
the future climate with climate change shown in pink. The bottom box shows the increase from the
current (modelled) climate in blue. In both cases the width of the lines represents the range across
the different models.

Future Monthly Daily Maximum Temperature for 2040- 2060 for Zanzibar
Source of data: Climate Systems Analysis Group (CSAG), University of Cape Town, SA

In interpreting these projections, a number of notes are highlighted.


The analysis of the future impacts and economic costs of climate change requires projections of future
changes, produced from models. These models use future scenarios (of socio-economics and emissions) to
make projections of future changes in temperature, precipitation and other meteorological variables over
time. Any future projection is therefore specific to the future scenario and time period. The projections are
produced using global climate models, which operate at a high level of aggregation. However, these can be
downscaled to regional levels with either statistical downscaling or regional climate models, as presented
above.



It is stressed that there are a range of future emission profiles and levels of change across different
scenarios. Furthermore, there are a number of major climate models available, each of which gives different
results, even for variables such as global average temperature. When considering specific parameters, such
as rainfall or changes in extreme events (e.g. droughts and floods), the results from the models can differ
significantly and it is good practice to consider the outputs of a range of models, rather than a single central
projection. This provides information on which trends are more certain, i.e. where models agree, but also on
those areas where there are greater uncertainties. As highlighted elsewhere, the fact that some results may
be uncertain is not a reason for inaction, it just requires a greater focus on robustness and iterative
approaches.

RAINFALL. The projections of future rainfall are more complex. The projections show changes in
rainfall (average and extremes) for Zanzibar, though the changes vary across the models. The figure
below shows the changes for the 2040 – 2060 time period.
The top box shows the absolute modelled precipitation, with the current climate shown in grey, and
the future climate with climate change shown in red. The bottom box shows the change from the
current (modelled) climate in blue. In the top graph, the width of the lines represents the range across
the different models. In the bottom graph, the height of the columns represents the span of the
different models (with the average line also plotted).

Future Monthly Rainfall for 2040- 2060 for Zanzibar
Source of data: Climate Systems Analysis Group (CSAG), University of Cape Town, SA

The rainfall projections do show clear trends – as seen in the bottom figure. There are projections of
increasing precipitation in the early months of the year (shown by the blue columns, which show
increases above the current line in the period December to April), and decreasing precipitation in the
drier period (represented by the columns decreasing below the current line in June to October).
However, the exact size of the change varies considerably across the models, represented by the
height of the column, and in some months (notably May) there is a wide variation (above and below
the line) highlighting that changes in this month are more uncertain.

A key conclusion is that the climate of the islands will shift considerably and this will have major
potential impacts (especially in the absence of adaptation).
The range of model results highlights there is some uncertainty in the exact projections of the future
effects, especially in relation to scenarios of future rainfall, floods and droughts. However, it is
essential to recognise this uncertainty, not to ignore it, and to plan robust strategies to prepare for
uncertain futures, rather than using uncertainty as a reason for inaction.
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Introduction
All of Africa – and Tanzania - will be affected significantly by future climate change. To understand
these potential changes, it is necessary to consider the projections of climate change using climate
models (see box). It is highlighted that such projections are uncertain, and vary with the model used,
the scenario and the future time period. Any reporting of climate change therefore needs to be
specific in detailing what is being reported.
Climate Models
Analysis of the future impacts and economic costs of climate change requires climate models. These
models require inputs of future greenhouse gas emissions, based on modelled global socio-economic
scenarios, and they use these to make projections of future changes in temperature, precipitation and
other meteorological variables. Global climate models are used to project global climate change, at a
relatively low level of dis-aggregation, and these are then (sometimes) downscaled to regional levels
with either downscaling or regional climate models.
In understanding these projections, it is important to highlight a number of key issues. First, the future
emissions profiles depend on underlying projections of global futures over the next century. These
are themselves highly uncertain, and have been taken forward using storylines and futures through
the IPCC SRES scenarios, complemented in more recent years by explicit mitigation scenarios.
The most widely used current estimates of future GHG emissions are those provided in the form of
different scenarios in the IPCC SRES (Nakicenovic et al., 2000). These define a set of future selfconsistent and harmonised socio-economic conditions and emission futures that, in turn, have been
used to assess potential changes in climate through the use of global models. There is a wide range
of future drivers and emissions paths associated with the scenarios and, thus, the degree of climate
change varies considerably. This has a subsequent effect on impact and cost analyses.
The SRES scenarios were used in the IPCC AR4 (IPCC, 2007). However, none of these consider any
mitigation scenarios. More recent work in Europe has developed some mitigation or stabilisation
scenarios, notably as part of the ENSEMBLES project (van der Linden and Mitchell, 2009).
Capturing the range of future climate change therefore needs to consider the range of possible
emission scenarios, though in practice, most studies only work with 2 or 3 scenarios.
Second, there are a number of major climate models available, and each of these give a very wide
range of future projections, even for variables such as global average temperature. This range is
significant, as expressed through the likely range cited by the IPCC. As an example, while the best
estimate of the A1B scenario of global temperature change over the next century is 2.8 C, the likely
range is 1.7 to 4.4 C. The uncertainty is even greater for precipitation. Model results vary with region
and season –even with differences (+/-) in the sign of the projected change. The uncertainty range of
extremes (heavy precipitation and droughts) is even higher.
For this reason, consideration of the projections of future climate change need to consider model
variation, indeed, this is critical for understanding the future possible changes (and the need for
adaptation). It is current good practice to consider a wide selection of model simulations, known as
an ensemble. The aim of using an ensemble is to provide information on the uncertainties with the
system, often represented using statistical information. There is a wide range of different types of
ensembles. However, in this report, we refers to sets of alternative climate models for the same
emission scenarios, and across different emission scenarios.

The earlier US Country Studies Programme assessment of vulnerability and adaptation response
options for Tanzania (1997), using Global Climate Change Scenarios, projected a rise in the mean
daily temperature, on average, by 3ºC - 5ºC throughout the country, and a rise in the mean annual
temperature on average by 2ºC - 4ºC. The study also reported a projected increase in rainfall in some
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parts of the country, but decreases in other parts: areas with a bimodal rainfall pattern were projected
to have increased rainfall ranging from 5 percent to 45 percent, while areas receiving uni-modal
rainfall reduced rainfall ranging from 5 to 15 percent. These results are also reported in the NAPA
(URT, 2007).
Other studies (OECD, 2003) investigated climate change scenarios across multiple general circulation
models and report increases in country averaged mean temperatures of 1.3°C and 2.2°C projected by
2050 and 2100, which are broadly consistent, though lower than, in the Initial National
Communication (URT, 2003).
The main Tanzania (Watkiss et al, 2011) economics study updated the climate change analysis,
defining a set of climate projections for Tanzania using downscaled international data sets from the
climate change explorer (CCE) at the Climate Systems Analysis Group (CSAG) (www.csag.uct.ac.za),
based at the University of Cape Town (Jack, 2010). This system operates an empirical downscaled
model for Africa and provides meteorological station level responses to global climate forcings across
the African continent. It used results from a number of global climate models (GCMs), revealing the
differences in projections. This has the advantage of using a number of models. As all future data is
unvalidated, the study has assumed that all models represent an equally likely response1. The study
developed climate projection envelopes which represent to the range of responses produced by the
GCMs.
The results for Tanzania indicated the minimum and maximum temperatures were expected to
increase, although the size of the change varies, including across regions. For the period 2046-2065,
average annual temperatures were broadly expected to increase in the range of 1°C to 3°C (with very
indicative ranges of 1 – 2°C for the B1 scenario and 2 - 3°C for the A2), though there are variations by
region and time of year. For the end of the century (2081-2100), average temperatures were broadly
expected to increase in the range of 1.5°C to 3°C for the lower emission B1 scenarios and 3°C to 5°C
for the higher emission A2 scenario.
The pattern for precipitation was less clear. The climate models disagree over whether there will be
an increase or a decrease in precipitation over most of Tanzania. The changes also show wide
variations with location and with season, especially between the bimodal rainfall regimes in the north
and the uni-modal rainfall areas in central and southern. Many of the models (but not all) projected
that precipitation may increase in the future, during the late part of summer, but with some very slight
signs of drying during the early summer. Such changes are indicative of a seasonal shift with weaker
early season rains and stronger later season rains. Many of the models (but again, not all) also
showed the potential for drying signals later in the year in southern and central regions, though
potential increases at other times of year.
The model results highlight the considerable uncertainty in predicting future impacts and the need to
consider multiple models, but also consider a robust approach of adaptation decision making. Even
with model improvements, there will remain significant uncertainty – and new or more detailed model
runs will not provide definitive answers in the near term.
In practice, it is acknowledged that each GCM has a particular bias for a particular variable in a
particular region. This bias can be significant in the case of precipitation. When developing future
projections it is therefore important not to look at the raw GCM output fields only, but to also look at
the anomalies between the GCM 20th century simulation and the future simulation. These anomalies
are calculated for each GCM and represent the GCM response or delta given the GHG forcing. In the
figures below both the absolute downscaled GCM projection envelopes and the anomaly envelopes
are presented. The absolute values are still useful to show the GCM seasonality as well as the
agreement between GCMs.
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Note that while it is possible to focus on the GCM that best represents the region –a GCM that accurately simulates observed climate
does not necessarily accurately respond to changes in GHGs
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The resolving scale of GCMs has improved significantly in the last 10 years with many state of the art
GCMs able to resolve at a scale of around 100km. The CMIP3 archive2 of GCMs are typically of
lower resolution than 100km with resolution ranging between 200km and 400km. These scales are
too course for most users who are dealing with national issues such as water management and
agriculture. To address this, the approach uses downscaling, based on the observation that local
scale climate is largely a function of the large scale climate modified by some local forcing such as
topography. There are two main types of downscaling, dynamical and empirical. Dynamical
downscaling utilises a higher resolution, limited domain, dynamical model that follows the same
principles as a GCM but because of the limited domain is able to be run at much higher spatial
resolutions. Dynamical downscaling offers a physically based regional response to the large scale
forcing. However it is complicated by similar problems to those of GCMs, namely bias and error.
Empirical downscaling utilises various statistical methods to approximate the regional scale response
to the large scale forcing. Various methods have been developed. The method used for the
projections below is called SOMD (Self Organising Map based Downscaling, Hewitson and Crane,
2006) developed at the University of Cape Town. The method generates a statistical distribution of
observed responses to past large scale observed synoptic states. These distributions are then
sampled based on the GCM generated synoptics in order to produce a time series of GCM
downscaled daily values for the variable in question (e.g. temperature and rainfall). An advantage of
this method is that the grid scale GCM precipitation and surface temperature are not used by the
downscaling.
This downscaling approach has been extended for Zanzibar, as part of this study. The results are
presented in the next section.

Downscaled Climate Projections for Unguja
The CMIP3 archive GCMs have also been used to derive projections for Zanzibar for this study. The
downscaling methodology requires daily archive fields which have limited the number of suitable
GCMs that can be applied in the archive. For Zanzibar, this includes one station with:



A simulation of the 20th Century climate (1961 to 2000) forced by observed GHG concentrations.
This simulation is the GCMs representation of the observed climate period. It is important to note
that there is no correspondence between real years and the years of the 20th Century simulations.
This means one can expect no likeness between a particular year in the 20th Century simulation
and that year in the observational record.



A number of simulations of future periods and GHG concentration scenarios. For this study the
two future periods of 2046 – 2065 and 2081 – 2100 were selected, each assessed with two future
emission scenarios of the IPCC SRES scenarios (B1 and A2, see Nakicenovic et a 2000),
reflecting a low and high emission projection.

The statistical downscaling has been undertaken with nine GCMs. In each case, the study has
considered the absolute projections, for example of temperature, but also the marginal change (the
anomaly). For each projection period, the models are compared through the use of envelopes. This
shows the wide range of projections with model and with time of year.
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Climate Model Intercomparison Project http://cmip‐pcmdi.llnl.gov
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Temperature Projections (Unguja)
The temperature projections for Zanzibar (Unguja) are shown for monthly daily maximum and
minimum temperature, for the A2 scenario for the 2050s.

A2 Scenario, Projections and anomalies of monthly daily maximum temperature (2046-2065) –
for Zanzibar (Unguja)

A2 Scenario, Projections and anomalies of monthly daily minimum temperature (2046-2065) –
for Zanzibar (Unguja)
Source of data: Climate Systems Analysis Group (CSAG), University of Cape Town, SA
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The top box shows the absolute projections, with the grey envelope showing the current modelled
climate and the pink envelope showing the future period. The bottom box shows the change from the
(modelled) current climate in blue, where the range reflects the variations across the different models
The graph above shows one scenario and time period only.
Information is available for different emission scenarios and time periods. A comparison of A2 (high
emissions) and B1 (similar to mitigation), for the 2050s and a later time period (2090s) is shown below
for comparison. The warming signal is higher in the A1 scenario, and in the later time periods.

Mid century (2046-2065)

End century (2081-2100)

A2

B1

Projections and anomalies of monthly daily maximum temperature for Zanzibar (Unguja)
Source of data: Climate Systems Analysis Group (CSAG), University of Cape Town, SA
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Overall, the figures indicate an average warming of 1.5 to 2°C by the 2050s (2045-2065) and 2 to 4°C
by the 2090s (2081-2100). The pattern across the year is fairly constant.
The values for minimum temperature are shown below.

Mid century (2046-2065)

End century (2081-2100)

A2

B1

Projections and anomalies of monthly daily minimum temperature for Zanzibar (Unguja)
Source of data: Climate Systems Analysis Group (CSAG), University of Cape Town, SA
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Rainfall (precipitation) Projections (Unguja)
The rainfall projections for Zanzibar (Unguja) are shown below. First, for the A2 scenario for the
2050s.

A2 Scenario, Projections and anomalies of monthly rainfall (2046-2065) for Zanzibar (Unguja)
Source of data: Climate Systems Analysis Group (CSAG), University of Cape Town, SA
The top box shows the absolute projections, with the grey envelope showing the current modelled
climate and the red box showing the future period. The bottom box shows the change from the
(modelled) current climate in blue, where the range reflects the variations across the different models
The results show a complex pattern.
In general there is a wide range of modelled future change, with potentially increases or decreases in
each month across the models. Nonetheless, there are some trends of possible increased rainfall
during the Mar-May wet season, as well as an increase in January and February, and a likely drying
trend for the dry season (June – October).
The graph above shows one scenario and time period only. A comparison of A2 (high emissions) and
B1 (similar to mitigation), for the 2050s and a later time period (2090s) is shown below for
comparison, which shows similar results.

7

Mid century (2046-2065)

End century (2081-2100)

A2

B1

Projections and anomalies of monthly rainfall (Zanzibar (Unguja)
Source of data: Climate Systems Analysis Group (CSAG), University of Cape Town, SA
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Extreme Events (precipitation and dry spells) Projections (Unguja)
In addition to average rainfall, a key projection is the change in the frequency and intensity of extreme
events, i.e. heavy rainfall and dry spells, and the linkages to floods and droughts. The projections for
Zanzibar (Unguja) are shown for monthly rain days, heavy rainfall, and dry spells for the A2 scenario
for the 2050s.

Monthly rain days Zanzibar (Unguja)

monthly rain days (>10 mm/day) Zanzibar (Unguja)

monthly dry spell duration
A2 Scenario, Projections and anomalies of rainfall (2046-2065) (Zanzibar (Unguja)
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Source of data: Climate Systems Analysis Group (CSAG), University of Cape Town, SA
In each case the top box shows the absolute projections, with the grey envelope showing the current
modelled climate and the red box showing the future period. The bottom box shows the change from
the (modelled) current climate in blue, where the range reflects the variations across the different
models
Looking at the blue anomaly graphs shows most models project greater intensification of heavier
rainfall in January – April (top right), and significant reductions in extremes during the dry period
(bottom). There is also an indication of increasing dry spell duration and intensity during the dry
season. This pattern seems robust across the range of models, scenarios and time periods, as
shown below.

Mid century (2046-2065)

End century (2081-2100)

A2

B1

Scenario, Projections and anomalies of monthly rain days (> 10mm/day) (Zanzibar (Unguja)
Source of data: Climate Systems Analysis Group (CSAG), University of Cape Town, SA

10

Other reviews report possible similar results. A review of model projections for East Africa (Shongwe
et al, 2009) looking at the longer term (where the climate signals are clearer) reveals that many
models indicate the intensity and frequency of heavy rainfall extremes may increase in the wet
seasons, particularly in some regions of Tanzania. This would imply greater flood risks. The impact
on drought events are also uncertain. Drought periods are likely to continue but the projections are
more variations between models.

Mid century (2046-2065)

End century (2081-2100)

A2

B1

Scenario, Projections and anomalies of monthly dry spell duration for (Zanzibar (Unguja)
Source of data: Climate Systems Analysis Group (CSAG), University of Cape Town, SA
Not that the model results highlight the considerable uncertainty in predicting future impacts and the
need to consider multiple models, but also consider a robust approach of adaptation decision making.
Even with model improvements, there will remain significant uncertainty – and new or more detailed
model runs will not provide definitive answers in the near term.
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Finally, while the ENSO will continue to have a large impact on inter-annual variability, it is unclear
how climate change will affect the frequency and magnitude of El Niño and La Niña events, and thus
what effect this will have in Zanzibar.

Downscaled Climate Projections for Pemba (Rainfall)
Additional CMIP3 data has also been used to derive projections for Pemba for this study. Due to data
issues, the Pemba station is not included in the main CSAG CCE, but some rainfall data are
available. The rainfall projections for Pemba are shown below. First, for the A2 scenarios for the
2050s.

Projections and anomalies of monthly rainfall for Pemba

Monthly rain days Pemba

monthly dry spells Pemba

A2 Scenario, Projections and anomalies of rain days and dry spell (2046-2065) Pemba
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Source of data: GCAP Climate Module with data from Climate Systems Analysis Group (CSAG),
University of Cape Town, SA.

Other Climate Model Output
The previous section set out downscaled climate projections for Zanzibar. A large number of other
projections are available, some from similar multi model projections to the UCT database (for
example, the world bank climate portal3). There are also an emerging number of model runs from the
latest generation of climate models, for a range of scenarios.
An alternative set of data is available from the use of regional climate models (RCMs), which provide
an alternative downscaling approach4.
However, none of these will provide greater certainty over the exact changes. It is essential to
recognise this uncertainty, not to ignore it. There is a need to plan robust strategies to prepare for
uncertain futures, rather than using uncertainty as a reason for inaction.

Sea level rise
Sea-level rise is caused by the increase in global ocean volume due to thermal expansion from
oceanic temperature and salinity changes; and the additional melting of land-based ice caps and
glaciers, and the ice sheets of Greenland and Antarctica.
In the Intergovernmental Panel on Climate Change Fourth Assessment Report (IPCC AR4), the
projected rate of sea-level rise was reported (from 1980-1999 to 2090-2099) as 0.18 m to 0.59 metres
across the range of SRES scenarios (Meehl et al., 2007).
Table 1. Temperature change and sea-level rise reported in the Intergovernmental Panel on
Climate Change’s Fourth Assessment report (Table SPM.1, IPCC, 2007, Meehl et al. (2007).

However around the time of publication of the IPCC report, rapid changes were observed on the
Greenland and Antarctic continental ice sheets (Solomon et al., 2007), which led to potentially
increasing the upper end of the IPCC predictions to 0.76m by the 2090s. Since then, concerns
regarding the rate of ice melt from glaciers and ice caps as well as the large ice sheets of Greenland
and Antarctica have continued, yet there is still uncertainty into the future magnitude of ice melt, and
subsequently global sea-level rise in the 21st century and beyond (known as the ‘commitment to sealevel rise’). Subsequently higher rates of global sea-level rise are now considered possible, and new
projections have been published. The figure below illustrates a graphical summary of the range of
sea-level rise scenarios for the IPCC predictions, and subsequent other work.

3

http://sdwebx.worldbank.org/climateportal/index.cfm
There are applications of the met office PRECIS model to East Africa. There are also plans for 50km Africa-Cordex
simulations for the new RCP scenarios with a number of models.
4
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Summary of IPCC predictions (Meehl et al., 2007) for sea-level rise (for 2090-2099), and postAR4 projections of more extreme sea-level rise over a century. Source: Brown et al., 2011.
The high scenarios shown have been predicted using semi-empirical methods, paleo-climate
analogues and physical constraint analyses.
It is stressed that sea level rise is a gradual process, with a much longer response time than for
temperature. To illustrate this, the figure below reports the IPCC scenarios (based on Meehl et al)
and also add a fourth high level scenario (Rahmstorf, 2007). This leads to a global rise of 0.17m up
to 1.26m from 1995 to 2100, based on a continent level analysis.
1.4

Rahmstorf
1.2

Sea level rise (m)

1

A1FI high-range
A1B mid-range
B1 low-range

0.8

0.6

0.4

0.2

0
1990

2000

2010

2020

2030

2040

2050

2060

2070

2080

2090

2100

Year

Sea Level Rise scenarios
Source in Brown et al, 2011.
The differences between scenarios is low in early years, and only widen very significantly after 2050.
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These provide the starting point for analysis. However, further adjustments are needed to take
account of local conditions (local variations and local measurement data (see discussion in sea level
rise section) including land movement and subsidence.

Sea Temperature and ocean acidification
Alongside sea level rise, there are a number of other physical trends projected with climate change:
this includes rising sea temperatures and ocean CO2 levels and acidification. The latter arises
because as atmospheric CO2 levels increase, more is absorbed by surface waters, decreasing
seawater pH. The projected changes from the IPCC 4th Asssessment Report (Nicholls et al, 2007:
Meehl et al.) are shown below, for different SRES scenarios.
Projected global mean climate parameters relevant to coastal areas at the end of the 21st
century for the six SRES marker scenarios (from Meehl et al., 2007).
Climate driver
Surface ocean pH (baseline
today: 8.1)
SST rise (°C) (relative to
1980-1999)

B1

B2

A1B

A1T

A2

A1FI

8.0

7.9

7.9

7.9

7.8

7.7

1.5

2.2

2.6

The increases in sea surface temperature are particularly important for coastal ecosystems, notably
corals (but also sea weed), and are thus a key concern for Zanzibar.
Surface ocean pH today is already 0.1 unit lower than pre-industrial values. Further decreases are
projected over the next century, and ocean acidification could lead to dissolution of shallow-water
carbonate sediments and could affect marine calcifying organisms (Nicholls et al, 2007), for example
when water is undersaturated with calcium carbonate, marine organisms can no longer form calcium
carbonate shells. However, the exact effects on the overall marine environment are not well
understood.
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Key terms and definitions
There is a large number of technical terms associated with climate change, several of which are used
in this TPBN. The definition of key terms is outlined below, summarised from those presented in the
Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4) Glossary.
Emission scenario is a plausible representation of the future emissions (e.g. greenhouse gases
(GHGs)), based on a coherent and internally consistent set of assumptions of driving forces (such as
demographic and socio-economic development, technological change). These include the IPCC
Special Report on Emission Scenarios (SRES).
Concentration scenarios are derived from emission scenarios (above), are used as input to a climate
model to compute climate projections.
Climate projections indicate the response of the climate system to emission or concentration
scenarios and are based on simulations by climate models. Climate projections are distinguished from
climate predictions to emphasise the fact that climate projections depend upon the
emission/concentration scenarios used. These emission/concentration scenarios are based on
assumptions concerning, for example, future socio-economic and technological developments that
may or may not be realised and are, therefore, subject to substantial uncertainty.
Climate change scenarios are plausible, but often simplified, representations of the future climate.
They are the key input for the climate change impact models used in projects such as ClimateCost.
Climate models are numerical representations of the climate system and are based on physical,
chemical, and biological properties, interactions and feedback processes. They account for all or
some of the known properties of the climate system and can be represented by models of varying
complexity. Coupled atmosphere/ocean/sea-ice general circulation models, now more commonly
referred to as global climate models (GCMs) provide a comprehensive representation of the climate
system. More complex models include active chemistry and biology.
Downscaling is a method that derives local- to regional-scale (10 km to 100 km) information from
larger-scale models or data analyses. There are two main methods: dynamical downscaling and
empirical/statistical downscaling. The dynamical method uses the output of regional climate models
(RCMs) - the approach used in ClimateCost, global models with variable spatial resolution or highresolution global models. The empirical/statistical methods develop statistical relationships that link
the large-scale atmospheric variables with local/regional climate variables. In all cases, the quality of
the downscaled product depends on the quality of the driving model.
Ensemble is a group of parallel model simulations used for climate projections. Variation of the results
across the ensemble members gives an estimate of uncertainty. Ensembles made with the same
model, but different initial conditions only characterise the uncertainty associated with internal climate
variability, whereas multi-model ensembles, including simulations by several models, also include the
impact of model differences.

Source Christensen, O. B, Goodess, C. M. Harris, I, and Watkiss, P. (2011). European and Global Climate
Change Projections: Discussion of Climate Change Model Outputs, Scenarios and Uncertainty in the EC RTD
ClimateCost Project. In Watkiss, P (Editor), 2011. The ClimateCost Project. Final Report. Volume 1: Europe.
Published by the Stockholm Environment Institute, Sweden, 2011. ISBN 978-91-86125-35-6.
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