Chapter 3

‘Qualitative-guantitative scenarios as a mieans to
support sustainability-oriented regional planning

P Dél
Ceiter for Envivommental Sywrems Research, Universite of Kossel
Kure-Walters-Siv. 3, 34109 Kassel, Germany

Seenario audlysis facilitates o better understanding of fiture envirdmmantal change and 15 2 wselil means (o
“SUppOTt & Tegion hiphﬂmnw ihat s gearnd towards sustainable development. In pariicntar if developed by dow
seooperation of decision-makers and scientists, scenarios help to wnderstsnd the conssquences of foday s
dum{mq ina quite distant and weerain funire, Scenarlos destribe & range of plausible fidiires in n
ated munner, cunsidering the nost important- driving forces of the sncio-efivirammental e of
lnterest. Mdeally, they combine qualitstive and quantitative elements, 1o, naratived (forvlines) with
mathematical modeling. In this paper, 2 methodol 1o develop envirnmental scenanios is desaribed,
“considering, m particular, the-fssues of partcipation and soate, Faamples for scenarios wiich explore Ihg
Admpact of climate change on warer resources and im 1 requirements in the whole Meditermas i
“veprovigéd, Due v thehigh uncertainey of the precipitation chinges odmpited by plobal cifmate mode
nol possible io determine, of the river basin scale, how different greenhouse gas emission scenarips will
fransiate fo.changes in waterresources ond Frigrlion requirements,

I. Scenario analysis

‘How can people, instinutions and businesses plan for the futire when they do ot know what
omarraw will Bring? M

st of us-prefer to only think of what we bebieve is the llely fiture,
‘bstead of veally considering that the Tuture can look very différent. However, "to operate in
‘e ancertam world, peogle nesd 0 be able 1o question their assumptions about the wav the
“world works" [18]. Scemario avalyiis 1s-¢ methodologica! approach (o deal with the uncertain
future, 4nd it helps to arrive at better decisions. An éxample fiom the past is the "oil crisis™ of
the 19705 when the ol price wnereased drasticalty, after being more or less constant since
World War I OF the big oil companies. only Sheil was prepared as they had worked hefore
swith seenarios. Some of these gssumed 4 constant off price, whils others considersd the
THinpacts of an oil price hike by OPEC. As a consequence, Shell's pasition among the big oil
companiss improved swonigly W the foblowing vears [18], Novwadays, sceparios dré notonly
well used bt the business world bat dre widely applied to assess environmeniz! problems, i
parteular hose felated W global chasge.
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Scenarios are consistent and plausible images of alternative futures, Le. they show
vartous possibilities of how the fiture might look and bow it will be reached. They rely
-1t a rather high dearee of systems {or process) knowledge, Le. knowledge about the
interdependencies and feedbacks between various system components, Scenarios focus
“on layving out complex causal relstions and fryv to answer "what #" questions. They are
not predictions of the feture, and should not he qualified by a probability. Predictions
are only possible if svstern complexity is rather fow and process knowledge and dala
availability is high, Prediction of engineered systems is ofien possible, while prediction
of natural or human systems mostly is not, unless the time horizon 15 short,
Sceparios can  be  qualitative, quantitative or gualiabive-quantitative.  Purely
qualitative scenarios are, i most cases, narratives of the falures. These deseribe, in the
“form of storvlines, how relevant aspects of the system under consideration will develop
in the fulure. Purely gquanifative scenarios are generated, for example, by running
mathemalical models of the system of interest such that fiture states of the svstem are
computed. State-of~the-art environmental scenarios combine gualitative with guantifative
elements, e storviines with model calculations. The storviines are the basis for
quanttfying the driving forces and thus the mput for the models that are then applied w0
‘compuite numerical estimates of environmental indicators. The guantitative modeling
part may alsoe hielp o improve the consistency of the storylimes, e.go 1 the computed
mmpact of the change of 2 certain system component on another one proves fo be quite
different from what was thought before the quantitative modeling. Examples for glebal-
seale qualitative-quantitative environmental scenarios ares
- the greemhouse gas (plus sulphate) emission scenarios developed for the
Intergovernmental Panel on Climate Change IPCC {15}, which serve as input to
climate models but also include scenarios of population and Gross Domestic
Product until 2100,

w  the scemarios of the water sttustion in 2025 doveloped in the framework of the
World Water Vision 13, 57 and

o the scenarios of the Global Dnvironmental Outicok 3 of the United Nations
Enviremment Program [19],

Cuelitative-guantitative  scenarios can be a good tool for supporting regional
‘planning, as they show the consequences of today's decisions in the distant futyre, The
rebustness of a certam policy can be tested by assessing 1ts impact in aliemative futures,
A robust policy measure 5 one that performs reasonably well in all plausible futures. In
the confext of regional planning, scenario developraent should be done by sclentists and
‘Slakeholders (policy makers. representatives of the civil society, etc.) together. A ¢lose
cooperation, or participation. leads to the "ownership” of fhe scenanos by the
stakeholders that s necessary for the scenario process o become relevant for actual
decision making. Scenario development can be an ideal means for establishing the ofien
desired comrnunication between stakeholders and scientists, and among scientists of
~different disciplinary backgrounds; it requires, and thereby encourages, interdisciphinary
cominicstion and cooperation, Lovironmental scenarios are alwavs interdisciplinary,
a8 it 15 not possible to derive tmages or stories of the future state of the environment that
do not include dernographic, economic and technological aspects. Thev are integrated in
the sense that disciphnary knowledge must be made consistent,
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‘fn Section 2, the most important steps involved in the development of qualitative-
‘quantitative scenarios are deseribed, and the questions of participation and scale iSSUES
iy scenario development are discussed. In Section 3, the implications of global-scale
qualitative-quantitative scenarios for water resources in the Mediterranean region are

shown. Finally, some conclusions are drawn,

2. Methodelogy

For developing qualitative-quantitative scenarios which are to support sustainability-

priented regional planning, we propose the following steps:

1. identification of the problem field and of the participants of the scenario process
{stakeholders and scientists}

2. System definition including driving forces as well as temporal and spatial resclution
and extent (base vear, time horizon and time step, scenario regions}
3. Definition of mdicators of the system state {related to the mathematical models that

are available to compute indicators)
4. Development of qualitative reference scenarios in the form of storvlines {narrative
descriptions of alternative futures)
Development of quantitative reference scenarios
2} Quantification of the driving forces
by Computation of indicators using mathematical models
6. Development of intervention scenarios
a} Identification of interventions of interest
by Modificaiion of selected driving forces or parameters of reference scenarios
¢} Computation of indicators using mathematical models
TFvaluation of the scenarios (hased on defined targets, e.z. by multi-criteria analysis,
cost-benefit analysis, equity analysis)
Generally, intervention scenarios serve to test the rohusiness of an intervention {or
palicy measure) on the background of all reference scenarios, 1.e. on the background of
aliernative plausible futures. They are defined by modifying one or mote driving forces
or parameters of the reference scenarios.

The steps listed above reflect those that were taken during seenario development for
two federal states of Northeastern Brazil, in the famework of the German-Brazilian
research cooperation program WAVES [6]. The WAVLES scenarios cover the problem
ficlds of water scarcity, agrieutture and migration up fo the vear 2025, taking into
account climate change as well as demographic and sociosconomic changes (step 1)
Participants in the scemario process were a group of about eight scientists and a larger
group of policy makers and technicians of Brazilian authorities dealing with regional
planning. The involvement of the policy makers and technicians occurred during three
workshops in the final vear of the program. The indicators were calculated using an
integrated model which combines the following modules: water use, hydrology.
agricultural productivity, agricultural income and migration. They were computed for
each of the 332 municipalities of the two federal states, while for the storvlines and the
quantification of the driving forees, eight scenario regions were distinguished. These
cight scenario regions were defined based on similer (agrojeconomic and natural
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{sedimentary vs. ‘Crvstalline subsurface, location with river hasin, precipitation)
conditions {steps 2 and 3}

Two different reference scenarios were developed which served as the background o
test the impact of various policy interventions. Alcamo [2] recommended producing two
or four reference scenarios with quite distinct storylines, in order o avoid that one
scenario s considered as the “most probable”, while the others are not given full
consideration. The two storylines were formulated for the whole of the study region,
distinguishing the events and {imelu;mmﬁs ocomring in each of the eight scenario
regions. Each of the reference scenarios continues certain existing frends. The "Coastal
boom and cash crops” scenario carries on the current trend of increased cash Crop
grodumon for Southern Brazilian and international markets, the efforts fo promote
tourism mainly along the coast and the fast economic development of the mpaiai of ane
of the two states. The "Decentralization — integrated rural development” scenario takes
up the strengthening of regional centers e.g. by the establishment of universitics, and
thus increasing regional démand for agricultural products (step 4).

Based on the storylmes, driving forces and indicators the reference scenarios are
quantified (step 5). Here, those variables are defined as driving forces that cannot be
computed by the applied models but sre needed as model input. Both the quantified
driving forces and the comiputed model output (indicators) are part of the quantilative
-seenario. In order to make assumptions about the future development of certain driving
forces, their historical development is first analyzed. Then, numerical values of the
‘driving forces that reflect the respective qualitative scenario are defined for future time
periods. Care must he taken to guard consistency in quantifying driving forces that are
Known 1o be correlated, When all input necessary for the various models is guantified,
the model(s) can be used to compute the system indicators of the reference scenarios.
F\'zmpiw of Interventions considered in WAVES were changed water prices or reduced

investments in reservolr construction {sten 6}. To test the robustness of an intervention,
fts impact was generally assessed on the backeround of both reference scenarios.

A formal evaluation (not done in WAVES) helps (o analyze the results of a scenario
anatysis (step 7). Depending on the system of interest and the applied models, each
scenario will include large number of indicators, and it might be (En‘ ieult W recognize
which nﬁu\c‘fmze}ﬁ performs best in alternative futwes. Any “best” peimgmanu
depends, of u}msc on the (deas, goals and visions we have, Different stakeholders (and
scientists) are Hkely to have different ideas. and it is therefore recommended fo discuss
these openly. With respect 10 sustainability-orfented regional planning, goal functions.
ecotargets and orientors have been identified [13]. Cosi-benefit analysis is.a well-known
teol 1o assess which solution is best (most efficient), but # is &iffoult to monetarize non-
tinancial costs and benefits, in particular the external costs of measures that are related
fo their negative hmpact on the environment. Multi-criteria analysis provides a flexibie
framework to include many difforent criteria and to weigh them against each other, thus
deriving an Poptimal” solution. In multi-criteria analvsis, a pumber of criteria are
developed in cach of the categories under consideration. These criteria can he qualitative
or quantitative. They will be quantitative if numerical indicator values were determined,
.. by mathematical models, which allow to quantify to which degree a certain criterion
is fulfilled. A large variety of mathematical techniques are available to derive the overal]
score of & certain intervention scenario based on the fulfillment of the different criteria,
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and the simplest one (weighted summation) is used most often [12] If various
techaiques are used in one evaluation, the stakebolders may gain valuable insights (4],
FEquity analysis, which determines whether different parts of socjety are affected
differently by the intervention of interest, can complement multi-criteria analysis or can
e handled as a part of it [ 14],

Generally, scenarin developmient is an iterative process. Quantitative amalysis (step
83, for example, might show some inconsistencies in the storylines, which will therefore
be modified afier step 5 has been performed for the first time. Besides, after a first
discussion of the gualitative-quantitative scenarios, stakeholders might want to enhance
either the qualitative or quantitative scenarios by other aspecis or system components. In
a regional planning process, steps 3 fo 7 are likely to be repeated. Afler & fust
computation and evaluation of the system indicators, in particular the indicator
definition can be refined, and new inferventions may became mieresting,

2.1 PARTICIPATION

Farredl [107 recommended to view environmental assessments as soclal processes or
communication processes tather than as an end product, a document. This
recommendation iz also applicable fo scenarios, which are often past of integrated
environmental assessments, In the conext of regional planning, scenario development
should be regarded mainly a5 a tool to support the strategic thinking and decision-
making of the stakeholders. Then the success of a scenario process should be judged
based on what participants have learnt daring the process. Certainly, the learning does
‘depend on the quality of the developed scenarios themselves: their consistency. their
‘meaningful indicators, the quality of the involved models, ete. This success criterion can
he referred to as the credibility of scenarios. It is recommended o openly discuss the
ymeertainties of the invelved quantitative assessments to thus mcrease the (fong-term)
credibility. The other two important success criteria are the saliency and the Jegitimacy
of seenarios. The former relates 1o the relevance for the addressees of the scenarios (e.g.
the stakeholders), the latter fo the political acceptability, the satisfaction of the
participants or addressees with the scenario process and the "ownership” of the
developed scenarios. There are trade-offs among the three criteria, and depending on the
stage of the scenario process or the dominance of societal vs. seientific interest, it nught
be useful to put the emphasis on one of the three criteria.

The question is how 1o organize participation in the scenario analysis process.
Certainly, the type and number of participants will strongly influence the process and its
results. In general, it can be recommended to volve stakeholders from the very
beginning of the scenario process. However, it might be useful to involve different
people at different stages of the scenario process, e.g. more lechnical experts in the
beginning and more policy-makers towards the end.

2.2, SCALE ISSUES IN SCENARIO DEVELOPMENT

Seale fssues in scenario development inchude all issues reluted to the spatial, temporal
and institutional scales of the system for which scenarios are developed. They arise in all
stages of the scenarie analvsis process, including the definition of the addressees of the
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scenarios, the formulation of the storylines, the quantification of the driving forces and
the computation of indicators by models. Scale 1ssues concern both the saliency and the
credibility of the scenarios, It is recommended 1o explicitly address scale issues in any
scenario analysis process,

As a first consideration, how can the spatial scale of the analysis be matched with the
spatial sphere of influence or interest of the stakeholders? A comespondence 15 a
preregquisite for saliency. With respect to the systemn definition and the development of
storylines, it is important to consider cross-scale impacts. For example, a certain region
{the chosen spatial unit for the scenarios) 5 subject to global-seale developments like
climate change or change in world market prices that cannot be influenced by
stakeholders inside the region but which have a strong impact on the region. Figure 1
iltustrates a scheme which can be used to dentify and lay out cross-scale impacts when
developing local-scale scemarios. In the WAVES program, we designed the two
regional-scale reference scenartos such that they 13 to two global-scale scenarios that
were developed by the IPCC [13]. In.addition. we claborated scenarios for each of eight
scenarno regions in a Consistent manner, thus considering explicitly developments at
smaller seales [17].

In most scenarios, the spatial units which are distinguished in the storylines and for
the guantification of the driving forces are necessarily larger than the units of the models
that aze used to compuie the system indicators, Thus, downscaling is required, and this
might lead 0 unreasonable assumptions for the Individual computational units. The

the scenarios. In conclusion, the explicit consideration of multiple scales in the scenario
analvsis process leads to vicher and more plausible environmenial scenarios.

3. Applications in the Mediterranean region

The described qualitative-quantitative scenario approach hes the potential to be applied
to many problems related o the environmental finture in the Mediterranean region. For
example, what type of agricultural products can be grown in an economically and
‘ecologically sustainable manner, e.g. without degrading water guality? How can
freshwater be allocated among the irrigation, domestic and industrial water use sectors
in an optimal mwanaer? How can a region develop in which overgrazing has almost
destroyed vegelation and soiis? Seenarios ean be derived for the whole Mediterrancan
region {e.g o assess water quality issues of the Mediterrancan Sca), individual
countries, river basing or small sub-national regions. Depending on the region of interest
and the problem field, the qualitative and quantitative parts can be flexibly chosen. In
case of a reasonable amount of guaniitative knowledge and tools, the share of the
quantifative part of the scenario process may become much more imporiant than in cases
of low datz availability and a small budget for the scenario process,

Unfortunately, I cannot illustrate the proposed scenaric methodology with an
example of integrated qualitative-quantitative scenarios for the Mediterranean. An
interesting project that combines qualitative and guantitative epproaches and will lead 10
lend use change sconarios in the Mediterranean s the ongoing MEDACTION EU
project (httpAwww icis.unimaas.nimedaction).
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Figire 1. Multi-seale relarionship among drivers for comamnity forest management

T1 Glohatl demand for forest products

T2 UN convention support for communily forest management
T3 GATT trade requirements
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T11  Destructive use of forests by outsiders
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Bourcer Wolleniberg ot al., 2006

~In this chapter, | will present scenarios which show the potential mpact of ¢limate
cliange on water resources and rrigation waler requirements in the Mediterranean. They
allow me to draw same general conclusions about the current possibilities for assessing
the impact of climate change on freshwater issues. These climate change impact
seenarios have heen computed with the integrated global-scale model of water
availability and water use WaterGAFP 2. WaterGAP 2 is a global water resources and
water use mode] which can be used to assess water scarcity problems [1]. Wiih a spatial
resolution of 0.5% by (.59 (55 km by 355 km at the eguator), the hydrological modet
WOHM of WatcrGAP computes runoff and viver discharge [7]. Fig. 2 {top) shows the
long-term average water resources in the river basins of the Mediterranean region for the
climate normal 1961-90, as computed by WGHM., WGHM was used {0 assess the
impact of climate change on water resources. The studied climate change is based on the
qualitative-quantitative globat IPCC scenarios that show possible development paths
Thetween 1990 and 2100 [15]. The TPCC developed four global scenarivs. which
encommpass both storylines as well as quantitafive estimates of the development of
‘population, Gross Domestic Product GDP. energy consamption and greenhouse gas
{phis sulphate) emissions, distinguishing four world regions.
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Figure 2. Long-term average water resources in the river basins of the Mediterranean region [mm/yr].
computed by WaterGAP 2 for the climate normal 1961-90 (top), and percent change of water resources due to
climate change between 1961-90 and the 2020s (bottom).

The storylines describe divergent futures along the lines of more or less globalization
and more or less emphasis on the environment (Fig. 3). The differences among the
storylines cover a wide range of key characteristics, such as technology, governance,
and behavioral patterns.

Nakicenovic and Swart summarize the four storylines as follows (in their section
4.2.1):
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e "The Al storyline and scenario Tamily describes a future world of very rapid
cconomic growth, low population growth, and the rapid introduction of new and
more efficient technologies. Major underlying themes ave convergence among
regions. capacily building. and increased cultural and social inferactions, with a
substantial reduction in regional differences in per capita mcome. (...}

e The A2 storvline and scenario family describes a very heterogeneous world. The
underlying theme is self-reliance and preservation of local idenfifies. Fertility
patferns across regions converge very slowly, which resalts in high population
erowih., Economic development is primarily regionally oriented and per capita
economit growth and technological change are more fragmented and slower than in
oiher storylines.

e The BI storvline and scenario family describes a convergent world with the same
low population growth as in the Al storyline, but with rapid changes in economic
stroctures toward 2 serviee and information economy, with reductions in materdal
intensity, and the introduction of clean and resource-efficient technologies. The
emphasis s on global solutions to ecomomic, social, and  environmental
sustainability, including improved equity, but without additionai climate initiatives,

¢ The B2 storvline and scenario family describes a world in which the emphasis is on
local solutions to economic, social, and environmental sustainability, It is 2 world
with moderate population growth, imtermediate levels of economic developroent, and
less rapid and more diverse technological change than in the B and Al storyhines.
While the scenario is also oriented twward environmental protection and social
equity, it focuses on local and regional levels”

Figurs 3. The TPCC global sceparios

ariented mainly owards economis oriented mainly wwards the
gruwih suviranment and socil innovation
globalized world Al Bl
regionalized world Al 32

Source: Makicenovie sid Swart, 2000 (153

In the Tollowing analysis, only the greenhouse gas (plus sulphate} emission scenarios
A2 and B2 are considered. In the A2 scenario, considerably more greenhouse gases arg
crnitted afier 1990 than in the B2 scenarto, as the latfer assumes a more environmentally
conscious development of society than A2 (Fig. 4). The temperature and precipifation
changes resuliing from the two different emission scenarios were taken from two state-of-
the-art global climate models, the HadCM3 model [11] and the ECHAMA/OPYCS model
T16]. The spatial resolution of the HadCM3 modet is 257 latitude by 3757 longitude,
while the spatial resolution of the ECHAMY model is approximately 2.8° by 2.8%. The
changes in simulated long-term average monthly precipitation and temperature between
the 20208 {2020-2029) and the climate normal 1961-90 were st interpolated 1o the 0.57
‘orid and then applied as input o WGHM by scaling the observed monthly precipitation
and temperature time series from 1961-90). Fig. 2 (bottom) shows the computed impact of
chimate change on water resources in the river basins of the Mediterranean region.

Obvioushy, the compuied impacts depend more on the applied chimate mode] than on
the assumed emission scenario. This is also true for the 2070s when the emissions differ

i
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Figure 4 The SRES greenhousé gas emission seenanios of IPCC AL A2, Bl and B2, as wall as the older IPCC
S92z seenario, which has been the hasis of most published chmate change modefing results unil
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“berwger A2 and B2 even more than in the 2020s (not shown), With the FCHAMd
climate scenarios, water resources are reduced by 5% to more than 50% uatil the 2020s
m almost all the drainage basins of the Mediterranean, With the HadCM3 climate
scenarios, resources either iicrease or remain constant, except for Turkey and some
parts of North Africa (Fig. 2}. The discrepancy betweer the impacts as based on the two
climate models results from the very different p%ecmmtmn pattern that the two modals
produce. For the emission scemario B2: for example, ECHAM4 computes a strong
reduction of pxu_mzmmﬂ for most of the Mediterranean between the climate normal
1961-90 and the 20205, in particular the eastern part of the Iberian Peninsula, while
HadCM3 results in an ircrease of precipitation in the western Mediterranean, Southern
Italy and Greece. Global climate models still have a low capability to simulaie
“precipitation, both historic and future distributions. While different climate models agree
quite well with respect to computed tempersture changes, they differ strongly with

‘respect to precipitation changes, Please note that on the scale of river basins, the changes

“in water resources can-be {arger for B2 than for AZ, even though the emission Lha,ﬂvek
-are much smaller {compare the Iberian Peninsula, ECHAME model, in Fig. 2} such that
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Wi cannot sitmply conchude that a reduction in greenhouse gas emissions will lead to less
changes i water resources. The changes uvtil the 2070s are generally larger than until
the 2020z,

Like water resources, irmigation watcr requirements depend on precipiiation and
temperainre changes. but the fmpact of seasonal changes is ditferent, and temperatore is
more important then in the case of water resources. Thus, the wncertainty in simulating
“precipitation plays out differently. Fig. 5 (top) shows the fiet rigation requirement in
each 0.5 degree cell of the Meaditerranean region, as computed by the Global Imrigation
Model GIM which is a medule of WalerGAP 2 19, Due to data restrictions, GIM
distinguishes only two crops, rice and other crops. It tskes inio .account the area
equipped for imigation and the clirmte. and also models cropping pattemns and the
growing periods. The potential impact of climate change on net irrigation regquirements
ts shown in Fig. 5 (bottom), but only tor the emission scenario B2, The two GOM
chifnate scenarios were implemented as in the case of the waler resources computations.

When looking at the climate induced changes in irrigation requirements, consider that
percentage changes are generally high w hien the base number, here the irrigation
reguirement per unit frigated area, is small An example is the nortlém part of ltaly
with its fow requirement per unit irrigated  area, where a sitong percentage incréase of
rrigation water requirernents occurs if there are only 2 fow davs with 2 decressaed
precipitation. Different from the water resowrces scenarios, irigation requiremients
increase almost everywhere, which 15 caused by the fact thal Srigation water
TEQUITEIIENts are oTe sensitive 10 temperature than runoff (rencwable water resources),

Another difference between the water resowrces and the irrigation requirement
seenarios i that the imigation requiremient scenarios do not differ as much between the
ECHAMA apnd HadCM3 climate scenarics, except for the Balkans. In the case of the
Iberian Peninsuls, the rather similar pattern of changes (88 compared @ the sirongly
diserepant water resources changes, (Fig. 23, is explained mainly by the fact that the
Jingrease in precipitation as computed by HadCW

13, which feads to a strong increase in
waler resources, ocours mainly outside the growing period. As an example, in o grid cell
‘in Central Spain, annual precipitation increases from 428 mm fo 443 mm in the case of
HadCM3 and decreases to 319 mm in the case of ECHAMSA. The previpifation during
the 150-day growing period startig in April, however, decreases for both climate
seenarios, from 134 mmito 120 mm in the case of HadOM 3 and to 96 nuw in the case of
ECHAMA. This results in an increase of the net irrigation requirement per unil frvigated
area from 770 nam to 803 mm and 823 wmim,
~ Thus, net irrigation requirements increase by 3% and 6% while annual precipitation
_'muvam_s by 4% and decreases by respectively, Drigation requirements are
sensitive only to precipitation changes m the growing period. such that shifls in the
seasonal distribution of precipitation fead to different Impact on water resources and
Arrigation requiremnents. Computed temperature changes during the growing period are
rather simitar, plus 8£.97C for HadOM3 and plug 1.0°C for ECHAMA4. Another reason for
the similurity of Urigation requirement changss between climate scenatios miight be that
GIM does not medel the impact of climate change on a crop with s fxed growing period
but simulates the shift of the optimal growing peried that will oceur due to chmate
‘change. Cropping patterns and growing pericds are modeled based on précipiation and
temperature (9] the growing period during which optimal temperature and precipitation




58 Environmental Challenges in the Mediterranean 2000-2050

Figure 3. Net irrigation water requirements in the Mediterranean region [mm/yr averaged over 0.5° cell area],
computed by WaterGAP 2 for the climate normal 1961-90 and the irrigated areas of 1995 (top). and percent
change of net irrigation requirements due to climate change between 1961-90 and the 2020s (bottom).
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conditions prevail is determined, ¢.g. such thal precipiiation is high during the first 50
days of the growing peried. In many cells, the two climate scenarios lead to a different
shift of growing seasons towards the respective wetter and warmer period, which makes
‘the irrigation requirements i bwo climate scenarios more similar [81

4, Conclusions

The development of qualifative-guantitative scenarios is a state-of-the-art approach for
assessing passible futures and thus for supporting sustainability-oriented regional
planning. s tlexible becanse # can be applied to almost any type of problem, and with
varying fractions of guantitative vs. qualiative analvsis, I there 15 hitle data, little
modeling experience and resivicted funds, the fraction of the quaniitative modeling
analysis will be lower than in the case of good data, existing models and extensive
Funds. Stll, the development of the then dominant qualitative part of the scenario will
el to transter knowledge between scientists and policy makers and will provide both
scientists and policy makers with a clearer dea of possible futures and the options to
achigve sustainable development. In a scenario analysis which explicitly considers scale

ssues, regional planners will learn about the feedback between global (or other coarser}
scale developments and the development in their region.
From the scenario analysis of the impact of climate change on water resources and

irigation water requirements in the Mediterranean we conclude that

w  due fo the low capability of global climaie models o realistically simulate
precipitation, & scenario analysis of climate change Impaets for which
precipitation change is a relevant driver (water resources, waler use, agricultural
productivity, erosion,..) # is advisable fo apply the results from et least two
different climate models

s the differences berween the precipitation change patterns (and thus the derived
waler resources changes) as comiputed by two global climate models s often larger
than the difféfonces between the results of one model for two different greenhouse
gas emission scenarios. Therefore. it might oot be absolutely necessary to be
-consistom in a scenarfo analysis in which climate change impacts are compared to
the impacts of the changes in other driving forces: [t appears appropriate, for
example, 10 use one emission scenarid as Inferpreted by two climate models
compute two water resoiress scéenanios and combine these scenarios with a water
pse seemario that 16 based on assumptions about the economic and demographic
developrient that are not condistent with the respective assumptions for the
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