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Abstract

The predicted climate change may have significanvirenmental
and ecological impacts worldwide. For assessingréubehaviour of
climate, different scenarios of development of ggulation and
production, emissions to the atmosphere, and tlwisequences to
the climate have been produced. Climate changeadgosnare
available to experts in different disciplines fossassing how
projected changes are reflected in their own filtbrmation about
the climate change and the risks related to itsaotgpis relevant and
valuable for authorities and decision makers. Tdlisraises the
question how the available information on the dffecf climate
change can be presented to facilitate easy delieéryelevant
information. CLIME-DSS is a web-based decision supgystem
that was designed to summarise and visualise seau#tilable from
climate and environmental model simulations to sleai makers in
an easily digestible form. In this study the WMO R/A contacts
were used to distribute an internet survey foritghig user opinions
on the clarity of the CLIME-DSS tools. The survegnibnstrated
that a map based tool where one can either vigye lareas at a same
time, or select a point of interest for detailedmination, is well
suited for disseminating results of regional climahodels. The
respondents found coloured visualisations, as wasll tabulated
information about mean values of the variables @ dgually
informative and useful. The respondents pointedtmaitthe methods
behind the visualisations and tables should be matdwe
transparent. Many users expressed the need todcaess to detailed
information about emission scenarios related to ehginulations,
structure and parameterisation of climate and enwuirental models,
and methodology applied in aggregating model resltCLIME-
DSS. While visualisation of changes in climaticiahles was judged
to be fairly straightforward and understandable, wias more
challenging to illustrate how the climate changeréflected in
chemical and biological variables describing thatestof the
environment.
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1. Introduction

The predicted climate change along with its po&itnpacts on physical, chemical,
and biological lake processes sets a challengehéo management of water
resources. Meteorological forcing, such as predijoih, evaporation, and air
temperature, exert a significant control on catahimbBydrological processes,
loadings of dissolved and suspended material ttaseiwaters, residence time of
water in lakes and reservoirs, and ecology of aquabitats. According to the

predictions of the Intergovernmental Panel on ClemaChange (IPCC)

(http://lwww.ipcc.ch/), in case of an increasing plation and an insufficient extent
of emission control technologies, greenhouse gdsaamsol emissions will lead to
a large increase in air temperature and to altepeecipitation patterns.

Computational methods are needed for quantifying loqmantity and quality of

water resources respond to these changing conslitibis essential to present and
communicate the anticipated climate change andcdtsequences in an easily
accessible and comprehensible manner to interestpgroutside of the research
community.

The Terms of Reference as defined by the WMO RAN2005 for this report was
the following:

Considering the potential impacts of climate variability and change on
water resources, as well as uncertainties involved in assessing the impacts

(@) To study and report how scenarios provided by regional climate
models should be presented to the end users dealing with water
resour ces management

(b) To study and report how assessments based on environmental
simulation models and regional climate scenarios can be condensed
and presented to the end-usersin a readily comprehensible form

(c) To liaise with and receive feedback from those experts of the
Association working on assessing the effects of climate change on
water resources

Thrust for this work was an EU funded project CLINElimate and Lake Impacts
in Europe, http://clime.tkk.fi/) where a suite okthods was developed to manage
lakes and catchments under future as well as duthamatic conditions. In CLIME,
regional climate scenarios, and existing catchraedtlake models were combined
to support lake management in the light of the weteality criteria prescribed in
the European Union Water Framework Directive (Sdssom, 2004, Jennings and
Naden, 2004). Expert knowledge and simulation moeslits were integrated in a
form of a decision support system (CLIME-DSS) tHattrates and summarises the
main results of the project to interest groupsidetthe research community (Jolma
et al., 2005; Kokkonen et al., 2005; Koivusalolet2005a).

CLIME-DSS (http://clime.tkk.fi/?page=dss) is a wapplication that provides the
user with tools for illustrating the predicted céite change and its impacts on lake
variables (Kokkonen et al., 2004). The user caw\ngaps showing differences in
climatic variables across the Europe between tfererce (1960 — 1990) and the
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future (2070 — 2100) periods. The user can selémtation to see, where in Europe
the current climate most resembles the future ¢énia the selected location.
CLIME-DSS also provides an interface where the wser apply causal Bayesian
networks to characterize how changes in climateakibes are reflected in variables
related to catchment and lake processes (Koivigtah 2005b).

While the CLIME-DSS incorporates presentation tdolls communicating results
on predicted climate change and its impacts foidewaudience it is not clear how
well the CLIME-DSS meets the objective of providitfie results in an easily
comprehensible form. In this work the WMO RA VI ¢tacts were used to
distribute a survey for eliciting user opinions the clarity of the CLIME-DSS

tools. We were also interested to explore wheth@nions of persons having a
different background and / or place of residencewstsignificant differences.

Finally, new ideas were requested in the surveyudher improvement of the way
of presenting climate change and its impacts tada wudience.

2. Survey method

Survey was carried out as a web poll that was edeasing the Esurveyspro survey
service (http://www.esurveyspro.com). CLIME-DSSaisveb application that can
be accessed over the Internet but firewalls cackbtbe use of CLIME-DSS at
some institutes and companies. To ensure thag@ipients have access to CLIME-
DSS results key visualisations and tables wereetbps screen shots to the web
poll itself, and the recipients were not requestedse CLIME-DSS.

Survey comprised nine topics, and questions rel@ehch topic were presented in
the same page. Questions were given as multipleehonith the possibility to add
free form comments related to each question. Figushows an example of a
question. In the last page the background (prajassirea of expertise) of recipients
was elicited.
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1.1 One objective of the CLIME-DSS is to present how the climate is predicted to change in the European continent. The figure
below shows the change in summer precipitation between future and current climatic conditions. Current climate refers to the
period between 1960 and 1990, and future climate to the period from 2070 to 2100. In your epinion, how clearly does the figure
below present the change in summer precipitation across Europe?

Cl poatly

O sufficiently

Owell

0
Compared to current level

Fo ety 8 e
Charige (%) in rean surmmer precipitation Between future (2070-2100) and current (1980-1980) climatic conditions. Red colour denotes incease in
precipitation and blue colour denotes decrease in precipitation.

C 1s? Suggesti for impr 7

Figure 1. An example question in the web poll.

3.1 Respondent profile

In June 2008 the survey request was emailed topBsfons within the RA VI
countries. As these persons were encouraged toafdnthe survey request to
potential respondents the total number of recigiestnot known. By October 8
2008 the number of persons having returned the egurtotalled 37. The
geographical distribution, the profession, and dhea of expertise of respondents
are listed in Figure 2. Figure 3 shows a map degirsix regions for eliciting the
place of residence. We received responses frorfivallregions with the highest
number of respondents residing either in northersoothern Europe. With respect
to profession the majority of respondents workedyavernance and/or research.
The most common areas of expertise were hydrologlynaeteorology. It is worth
noting that respondents were allowed to give migtighoices for profession and
area of expertise.
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Southern Europe

Northern Europe

Caucasus / Middle East

Other (Central Europe / Turkey)
Eastern Europe

Western Europe

o
=
o
N
o

30

b)
Governance

Research
Consultancy
Other
Teaching

Industry

o

10 20 30 40 50

c)
hydrology

meteorology
water and sanitary engineering
information technology

agricultural and forest sciences

o
[y
o
N
o
w
o
N
o

50

Respondents %

Figure 2. Place of residence (a), profession (b), and @ireapertise (c) of
respondents.
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Regions of Europe: mrfknem Europe

(blue), southem Europe (green), westem
Europe (yellow), eastem Europe (brown), central Europe (pale blue, turquoise)

F\’A Vi Mddle East and Caucasian couhtri&s

Figure 3. Six regions used for eliciting the place of resice of respondents.

3.2. Predicted changein precipitation

One objective of the CLIME-DSS is to present how tiimate is predicted to
change in the European continent. Figure 4 shovwes dhange in summer
precipitation between future and current climaboditions. Current climate refers
to the period between 1960 and 1990, and futumeaté to the period from 2070 to
2100. In the survey the respondents determinedheghéhe change in precipitation
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was presented poorly, sufficiently or well (Figu4¢. Overall the majority of
respondents regarded the presentation to be suffior good. There were no clear
differences neither between persons working in ambe or governance, nor
between persons having their background in metegyol or hydrology.
Respondents residing in northern Europe regardedpthsentation to be clearer
than persons from elsewhere. Three main points waised in the freeform
comments given by the respondents. Firstly, thee btwlour should denote
increasing, instead of decreasing, precipitatidme Ted colour should denote drier
conditions, as commonly used in describing preaijgih quantities. Secondly, the
extent of summer should be explicitly defined. Aimally, respondents commented
on the lack of some countries belonging to the RArggion. The reason for not
including Middle Eastern and Caucasian countrighéomaps is that CLIME as an
EU funded project focused on European countries.

a)

-100%:

0
Compared to current level

sufficiently

| Al
B North Europe
B Qutside North Europe

well

poorly

0 10 20 30 40 50 60 70 80

Respondents %

Figure4. CLIME-DSS presentation of change in summer pitatipn between
future and current climatic conditions (a). Thep@wdents’ opinion about clarity of
presentation (b).
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In Figure 4 the change in precipitation is defireedthe change in mean seasonal
precipitation. There are several other optionsrémresenting the change, and it is
also possible to present the predicted absolutgesabf precipitation in the future.
In the respondents’ opinion the change in the pr&tion between future and
control periods and the predicted future preciitatwere equally interesting
(Figure 5). All information about precipitation wasgarded important. However,
respondents were more interested in mean and maxiwalues than minimum
values. The freeform comments pointed out thatfiiigre prediction is subject to
greater inaccuracies than the change in (modepeeipitation. Also, temporal

variability and frequency analysis were suggeste@vays of studying the changed
precipitation conditions.

&

—&— change in the mean annual
precipitation

—— change in the mean seasonal
precipitation

---X----change in the minimum annual
precipitation

Respondents %

-—+--change in the minimum seasonal
precipitation

—a— change in the maximum short term
precipitation

O
—~

—=&— predicted mean annual future
precipitation

—— predicted mean seasonal future
precipitation

-~ predicted minimum annual future
precipitation

Respondents %

- —+- - predicted minimum seasonal future
precipitation

—— predicted maximum short term future
precipitation

Figure5. Relevance of different ways representing the gban precipitation
between the future and control scenarios (a) dedaace of different ways
representing the predicted future values of prétipin (b).

3.3. Predicted changein air temperature

Figure 6 shows the change in summer air temperdteingeen future and current
climatic conditions. The presentation of tempemtchange was predominantly
regarded as sufficient or poor. Hydrologists wer@ren critical about the
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presentation than persons working in the meteoyo(eggure 6). The major critics
considered the use of shades of a single colothidrcolour palette for presenting
increase in temperature. The mismatch between #peand the RA VI region was
raised again.

a)

Unit: =C

sufficiently
poorly | All _
B Hydrologists
well B Meteorologists

0 10 20 30 40 50 60 70

Respondents %

Figure 6. CLIME-DSS presentation of change in summer anpterature between
future and current climatic conditions (a). Thepasdents’ opinion about clarity of
presentation (b).

Figure 6 presents the change in air temperaturh@shange in mean seasonal
temperature. There are other options for represgrtie change (e.g. minimum or
maximum temperature over a year or a specific s8asmd it is also possible to

present the predicted absolute values of temperatuthe future. The respondents
considered all ways of describing the change inteaitperature and the predicted
future temperature almost equally relevant (FigtireFreeform comments called
for information about temporal distribution of fuéuair temperature, e.g. the
number of days when the air temperature is beloabore given threshold values.
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a) —=— change in the mean annual air
temperature
X —&—change in the mean seasonal air
2 temperature
c . . .
g ---X----change in the annual maximum air
5 temperature
> —-—+--change in the seasonal maximum air
& temperature
—a— change in the annual minimum  air
temperature
change in the seasonal minimum air
temperature
b) —=&— predicted mean annual future air
temperature
I —— predicted mean seasonal future air
@ temperature
c ) .
3 =% ---predicted annual maximum future
5 air temperature
§ -—+-- predicted seasonal maximum future
14 air temperature
—— predicted annual minimum future air

temperature

predicted seasonal minimum future
air temperature

Figure 7. Relevance of different ways representing the ghan air temperature
between future and control scenarios (a) and ratvaf different ways
representing the predicted future values of aipterature (b).

3.4. Climatevariablesin a selected location

In addition to visualising climate change acrossoge, in CLIME DDS the user
can select a location by clicking on a map andaseeage seasonal values of some
hydrometeorological variables (Figure 8) for théesed location - and for both
current and future conditions. Air temperature gmécipitation were clearly
considered as the most important variables regardre climate change in a
selected location. Runoff and snow water equiva{8WE) were seen as the next
important variables. Hydrologists gave more weigitrunoff and SWE than
meteorologists. Similarly, north European respotslassigned a higher importance
to these variables than respondents from elsewhdlerespondents considered
wind speed, soil moisture and the number of fregtsdto be of significance, too,
although they received less weight than the presljomnentioned variables.

In freeform comments several respondents callethusion of evapotranspiration
in the group of assessed climate variables. Radiasunshine hours, cloudiness,
temperature sum, soil temperature, snow cover idm;aand groundwater level
were also suggested as additional variables. Regpis also raised the issue of
downscaling in presenting the climatic variableshie Tvariables are currently
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presented as grid (ca. 50 x 50%raverages available from regional climate models
(RCM), and a downscaling would be necessary towallsers assess climatic
variables in a point of interest within a singlédgrell.

More than half of the respondents regarded presgrstasonal average values of
climatic variables for different climate scenariosa table as informative or very
informative (Figure 8). However, it was pointed @autthe comments that extreme
phenomena should also be considered in additiorse@msonal averages. The
comments also revealed that it is important to gase what the climate scenarios
are behind the presented values, as well as wieatittie period of the model
simulation is. Definition of different scenario®(tdrol, A2, B2) was not clear in the
context of this question. Although they were expda in the beginning of the
survey, scenario definitions should have been tepeaere. Comments also raised
the issue of uncertainty in predicted climate Ja@ga. The issue of the effect of
RCM grid resolution on model results was mentioned.

a)

Average values of variahles at selected location in summer according to RCAD-E

“ariable [ Scenario A2 B2 Control
Frostdays, d 0 0 0
FPrecipitation, mmiseasan a36.6 140 2274
Funoff, mmi/season a2.5 162 439
[Snow, mm 1] ] ]
[Soil moisture, mm 205 g i 1582
Airtemperature, °C 2 185 13:8
Wind speed, mis 3 2 2
b)
informative

somewhat informative
very informative
no opinion

non-informative

0.00 10.00 20.00 30.00 40.00 50.00

Respondents %

Figure 8. CLIME-DSS presentation of average seasonal valfies
hydrometeorological variables in Brussels (a). idgpondents’ opinion about how
informative the presentation is (b).

10
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3.5. Range of variability in seasonal climate variablesin a selected location

The graph (Figure 9) showing the range of a sicfiiteate variable (here seasonal
runoff) was regarded to be informative or very mfiative by ca. 60% of the

respondents (Figure 9). It was noted in the comsembwever, that the graph
presentation may not be as informative for otheiakdes than runoff. As in Section
3.4, respondents emphasized the importance oerbetarifying the emission

scenario and the prediction time period. The uhithe variable was accidentally
missing from the graph, as aptly remarked by redpnts.

a)

Runoff in RCAO-E, A2 at selected location @

winker spring sUmMmer autumn

informative

somewhat informative
very informative

no opinion

non-informative

0.00 10.00 20.00 30.00 40.00 50.00

Respondents %

Figure 9. CLIME-DSS presentation of range of seasonal rflindfmea, Sweden
(a). The respondents’ opinion about how informathepresentation is (b).

3.6. Daily weather typesin a selected location

One way to characterise the weather is to clas$iifyatic variables with qualitative

terms (Figure 10). For example, air temperature elassified to be hot, warm, cold
or freezing according to prescribed temperaturgeanAny combination of classes
of different climatic variables constitutes one thea type. Figure 10 presents the
four most typical daily weather types and theirceatages of occurrence in winter
in Berlin. The occurrence percentages are listethfee different climate scenarios.
In the survey it was requested to assess how imdiiven this type of way

representing the predicted climate change is. Apprately half of the respondents

11
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rated the representation to be informative or wefyrmative, while one fifth of the
respondents regarded it to be non-informative (f€gl0). Free-form comments
confirmed the impression that opinions on the tlaand significance of the day
type approach was strongly divided. Several respotsdexperienced the table in
Figure 10 as incomprehensible without additionafifitation.

a)
Hat *20
warm: 10, 20
Cold:0..10
Shares of daily weather types at selected location in winter according to RCAO-E @ Freezing: <0
Uit "C
A2 | 5% | 15% 8% 0% |
B2 44% 13% 9% 3% Mo: =01
Caontrol 25% 4% 4% 16% ﬁ;:;”' 5
Air temperature cold cold cold freezing (_Z)/ e
Precipitation some heaw some |  some (2) -
Wind speed | windy | windy still windy | (_'Z_)_—-—-—-—-.._.___________- Siill: <3
Sno 1 » Windy: >3
Snow 1l no | no | ne | wyes | (M= b
| No- 0
Snow, =0
| Unit: mm
b)

informative

somewhat informative
non-informative

no opinion

very informative

0.00 10.00 20.00 30.00 40.00 50.00 60.00

Respondents %

Figure 10. CLIME-DSS presentation of shares of daily weattypes in Berlin in
winter (a) according to the RCAO-E regional climat®del. The respondents’
opinion about how informative the presentatiorbis (

3.7. Climate migration

The idea of the climate migration tool is to vigsalthe predicted climate change by
identifying the region where the present climatestrmosely resembles the future
climate in the studied location. The arrow on a reapwn in Figure 11 identifies
the place in Europe where the current climate freort Germany) most resembles
the future climate at the clicked location (southkithuania). In other words, the
climate migration arrow indicates from where thenelte is going to “migrate” to
the selected location. The resemblance betweetwibielimates is determined by
comparing the distribution of daily weather type®lfha et al., 2006). Current

12
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climate refers to the period between 1960 and 1880 future climate to the period
from 2070 to 2100. Half of the respondents viewhd tepresentation to be
informative or very informative, and 10% of thepesdents regarded it to be non-
informative (Figure 11). Respondents working inesgsh were less satisfied about
the climate migration visualization than persongking in governance. Freeform
comments revealed that while the presentationfitsaly have been illustrative the
respondents raised doubts about the soundnesg ofi¢thodology for quantifying
the resemblance between different climates.

a)

b)

informative

somewhat informative
very informative

no opinion

non-informative

0.00 10.00 20.00 30.00 40.00 50.00

Respondents %

Figure 11. CLIME-DSS presentation of change in climate degai@as climate
migration from one region to another (a). The reslgmts’ opinion about how
informative the presentation is (b).

13
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3.8. Climate impacts on lakes

The CLIME-DSS was designed to visualise how climeltange predictions are
reflected in key environmental variables charasteg physical, chemical and
biological properties of lakes in Europe. The resmnts were requested to assess
the relevance of a set of given lake variables i@ ah. While all listed variables
were seen as relevant the duration of ice cover agssgned with the highest
significance. However, approximately one third bé trespondents expressed no
opinion about the relevance of most of the vargblde high share of ‘no-opinion’
replies and freeform comments indicated that tipegise of the respondents lied
mostly in water quantity instead of water qualifso, in free form comments it
became apparent that lakes are not an issue RAN/| countries.

There are several options for representing a chamge environmental variable of
a lake (e.g. with respect to minimum, mean or maxmvalue), and it is also
possible to present the predicted absolute val@ies \@ariable in the future. The
respondents assessed the relevance of the wagsdring future nutrient load and
algae concentration values. No preference was ss@dein presenting the change
of a variable or the absolute future value of aiade (Figures 12 and 13). It
appeared that use of mean values was slightly peefeover use of maximum
values, and using minimum values received leasiifsignce. The fraction of ‘no-
opinion’ replies was notably high for all ways oéstribing the climate change
impact on environmental variables (up to 55%). Foesn comments stated that the
uncertainty in the prediction of the environmemtapacts of climate change is very
high.

Table 1. Relevance of selected lake variables.

Mo opinion MNon relevant Srogﬂae:;:it Relevant Very relevant
Lake surface termperature 20% (A 0% (0} 10% (3) 41% (12) 2T% (&)
Lake residence time 28% (3 0% {0} 10% (3) 53% (15) T% (2
Duration of ice cover 10% (3} 0% (0} 10% (3} 44% (13) 34% (100
Mixing depth of a lake 31% (9) 0% (0} 10% (3) 44% (13) 13% (4)
Phosphorous load intol;:tz 27% (8) 0% (@) 13% (4] 44% (13) 13% (4)
Mitrogen load into the lake F1% (9 0% (0} 10% (3) 45% (14) 10% (3)
DiSSD'VﬁgaDdr?:tTjiCthC:rIEE: 31% (9} 0% (0} 10% (3) 48% (14]) 10% (3)
Phuteplankion 514, () 0% (0) 8% (2) 44% (13) 17% (5)
Blue green algae 31% (3 0% (03 6% (2] 41% (12) 20% (6)

concentration

14
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a) —&— change in the mean annual nutrient
50 load
X 40 - —— change in the mean seasonal
@ nutrient load
é 30 1 ---%---change in the maximum annual
5 20 4 nutrient load
Y --+--change in the maximum seasonal
& 10 - nutrient load
—&— change in the minimum annual
0 ' ' nutrient load
9 N X . -
& AQS\ e\\é\ & {\\o‘\ change in the minimum seasonal
\\\Q}Q} &F \,\Q} ,@Q’ K nutrient load
N & & N
© & ®
'S
&
b —&— predicted mean annual nutrient load
50 - :
(in the future)
X 40 - —— predicted mean seasonal nutrient
o load
é 30 7 ---X----predicted maximum annual nutrient
c load
g 20 1 ) )
a ——+--predicted maximum seasonal
o 10 nutrient load
—— predicted minimum annual nutrient
0 ! ' load
N X . - .
\\é\\ AQS& Qﬁé\ @\qﬁ‘ ) \(\\o*\ predicted minimum seasonal nutrient
¥ & \@ & S load
&S & & <
R~
&0

Figure 12. Relevance of different ways representing the ghaim nutrient load
between future and control scenarios (a) and retsvaof different ways
representing the predicted future values of nuttiged (b).
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Q
R=7

—=®— change in the mean annual algae
concentration

—&—change in the mean seasonal algae
concentration

---%X----change in the maximum annual
algae concentration

-—+--change in the maximum seasonal
algae concentration

—— change in the minimum annual
algae concentration

change in the minimum seasonal
algae concentration

Respondents %

O
—~

60 - —8— predicted mean annual algae
concentration (in the future)

I 50 1 —&— predicted mean seasonal algae

o 40 concentration

c

g 30 | - predicted r_naximum annual algae
S PN / concentration

§ 20 A /'\\\ -+~ predicted maximum seasonal algae
o 10 \ concentration

—— predicted minimum annual algae

0 ‘ ‘ concentration
S S onranen
& & & & ¢ predicted minimum seasonal algae
< < Y .
%@} F R & OOQ concentration
C & N &
& o S
$
S

Figure 13. Relevance of different ways representing the ghain algae
concentration between future and control scengapsand relevance of different
ways representing the predicted future valuesgdeatoncentration (b).

3.9. Visualisation of lake response

The lake response to climate change is calculatgd the aid of a Bayesian
network that characterizes the interrelations betwaimate and lake variables. The
Bayesian network is constructed using simulationde@horesults from several
research catchments and lakes (Koivusalo et ad5&02005b). CLIME-DSS can
regionalize results from the research sites tolaogtion in Europe by utilising the
predicted climate change at the given locatiorthinBayesian network application
lake variables are described using discrete préibahlistributions having five
classes (Figure 14). The user defines the ‘currdigtribution of the seasonal
average value for the lake variable of interestl, @hIME-DSS generates the future
(‘predicted’) distribution by adding the climate afge impact to the current
distribution.

Approximately two thirds of the respondents fouhd graph in Figure 14 to be
sufficient in indicating the direction of change an environmental variable, and
nearly one third considered that detecting the ctliva is easy (Figure 14).
Detecting the change in the variability of an eonmental variable based on the
same graph was deemed more complicated. Only 148 efethe opinion that it
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was easy to see the change in variability, and 888tessed ‘no opinion’ regarding
this question (Figure 14).

a)
DOC (summer) @
Current Predicted
(20... mgC/l) 0.06 7}
{15...20 mgC/) 0.11 7] | 0.20(20... mgCfl)
{10...15mgCl) 0,157 m0.13(15...20 mgCfl)
70,29 (10...15 mgCfl)
(5...10 mgC Ty 0.47 7
70,24 (S.,,10 mgCym)
(0...5 mgCfl}0.21 0,15 (0...5 mgcil)
b) while direction of change can be
detected it is not easy
direction of change can be easily
detected
no opinion
direction of change cannot be detected
0 10 20 30 40

Respondents %
no opinion

while change in variability can be
detected it is not easy

change in variability can be easily
detected

change in variability cannot be detected

Respondents %

Figure 19. CLIME-DSS presentation of current and predictestridbutions for
average summer time DOC concentration (a). Theorelgnts’ opinion about the
clarity of the presentation in showing the directiof change (b) and change in
variability (c).
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3.10. Level of user control

Climate change predictions are based on differeemarios describing greenhouse
gas emissions, which again are dependent on econdevielopment, population
growth etc. Also, climate change results are abhkaldrom several simulation
models, which differ in their structure and paragmietion. Moreover, the time
period for which the prediction has been made masngact on the results. While
all the factors mentioned above have an imporw@letin affecting the magnitude of
the predicted climate change, only one third ofréspondents express willingness
to have control over them.

4. Conclusions

There is now a strong consensus among the sceeatiftmunity that the predicted
climate change may have significant environmentatl acological impacts
worldwide. Researchers have prepared scenariotedela future development of
the population and production, emissions to thenaphere, and their consequences
to the climate (e.g., Christensen et al., 2002s&i@n et al., 2004; Carter et al.,
2005). Furthermore, experts in different discipdifave then assessed how climate
change is reflected in their own field (e.g., Kanja et al., 2004; Silander et al.,
2006). There is a great need among decision makemceive information about
the risks posed by the climate change. This adlesathe question how the available
information on the effects of climate change shdwddpresented to facilitate easy
delivery of relevant information to decision makelSLIME-DSS is a web
application that was designed to summarise andakssliresults available from
climate and environmental model simulations to sleci makers in an easily
digestible form.

WMO RA VI experts were involved in assessing howll@E-DSS succeeds in
delivering key information on the predicted climateange and its impacts on lakes.
The survey was carried out as a web poll to whiehreceived 37 replies. The
whole region of WMO RA VI was well represented agdhe respondents. Most
respondents worked in research and/or governandegave meteorology and/or
hydrology as their area of expertise. None of #gpondents considered themselves
as limnologists, biologists or chemists. This ekavhy presentation methods of
CLIME-DSS related to climate characteristics andewajuantity receive more
attention among the respondents than lake and watgity variables.

Coloured visualisations presenting changes of melagical variables shown on a
map, as well as tabulated information about medoegaof the variables in a
selected location, were regarded equally inforneatiad useful by the majority of
recipients. The respondents, however, pointed bat the methods behind the
visualisations and tables should be more transpaidenorder to assess the
credibility of results the users need to have acdesmore detailed information
about emission scenarios related to model simuigtio structure and
parameterisation of climate and environmental mgdeid methodology applied in
aggregating model results in CLIME-DSS. The respgoitsl also noted that the grid
scale (ca. 50 x 50 Kinof CLIME-DSS does not allow consideration of fesat a

point scale in a certain location. To achieve tthie grid average should be
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downscaled to the point of interest. Also, respaoitslecalled for inclusion of
uncertainty in the presentation of simulation maésults.

Respondents regarded air temperature and pre@pitais the most important
variables in presenting the changing climate. Ruaod snow water equivalent
(SWE) were seen as the next important variablesticBerly hydrologists
acknowledged the importance of runoff and SWE. [Hok& of evaporation and net
radiation balance in the results was raised by réspondents. CLIME-DSS
illustrates the effect of climate change on sevphgisical, chemical and biological
variables related to lakes. The respondents comsldall these variables almost
equally relevant, with a slight emphasis on theatdan of ice cover. This result is
probably explained by the background of the respotsl

This survey demonstrated that a map based toolembee can either view large
areas at a same time, or select a point of intéoesdetailed examination, is well
suited for disseminating results of regional clienatodels — despite the deficiencies
discussed above. However, it seems to be moreecigahlg to illustrate how the
climate change is reflected in chemical and bialagvariables describing the state
of the environment. This may be partly explainedtsy increasing uncertainty and
decreasing confidence in the results as climateefrgichulations — that are already
subject to substantial uncertainty — are used amp@ut to yet another uncertain
model describing the state of the environment. fie¢hods applied in condensing
simulation model results (such as climate migratmosi and Bayesian networks) in
CLIME-DSS appeared to be useful provided that sidfit information about how
the results have been processed is available.
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