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Regionalization of climate change scenarios

GHG Emission and

Concentration Scenarios
v v ¥

> AOGCM Projections

Regionalization

Downscaling:
*Statistical
*Dynamical (RCM)

RCM-Regional climate model

GCM-Global circulation model




Global model mean annual temperature 1971-2000
ERA40 (Reanalysis ~250km
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Regional model mean annual temperature 1971-2000
s NMMB(8km
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Coupled Regional Climate Model - EBU-POM

Atmospheric model:

 EBU - Eta Belgrade University

* 0.25 horizontal resolution (~25 km) / 32 vertical levels,
* NOAH - Land Surface Scheme,

* Annual cycle of vegetation fraction.

Ocean model: POM

* Princeton Ocean Model

* 0.2 horizontal resolution / 21 vertical levels (Med sea).
Coupler:

* Every 6 min exchange between atmosphere and ocean.

Djurdjevic and Rajkovic, 2002, 2008, 2010;
Gualdi et al, 2006;

Krzic et al 2011; Bellafiore et al, 2011
Ruml et al 2012;

Stojanovic et al 2013



Coupled Regional Climate Model - EBU-POM
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EBU-POM:Verification

Mediterranean Seas Surface Temperature
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GHG emissions in atmosphere

Global Fossil Fuel CO, Annual Emissions
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GHG concentration in atmosphere

CO2, CH4 i N20 koncentracije
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Scenario A1B:2001-2030

Annual temperature and precipitation change with respect to
1961-1990

Serbia:
Temperature change ~+1°C
Precipitation change -5 to +5%

temperature change (°C), ann season [2001-2030]-[1961-1990] == alb precipitation change (%), onn season [2001-2030]-[1961-1990] :: alb
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Scenario A1B:2071-2100

Annual temperature and precipitation change with respect to
1961-1990

Serbia:
Temperature change ~+2.8°C
Precipitation change -10%

BT
-50 =30 -20 -15-10 -5 0 5



A1B and A2 for Serbia

Temperature (seasonal and annual change)
Al1B 2001-2030

DJF 0.5- 1.0
MAM fd=12
JJA i3 1.4
SON 0.5-0.9
YEAR 0.8- 1.1

Al1B 2071-2100

1.8 -2.2
24-2.8
3.2-3.6
1.8 -2.2
2.4-2.8

A2 2071-2100
2.6 - 3.6
3.6 -4.0
4.2 - 4.6
2.6 -3.2
34-38

' Precipitation (seasonal and annual change)

A1B 2001-2030

DJF _10-5
MAM _15-15
JJA 5'=50
SON ~10 - 20

YEAR -5-10

AlB 2071-2100
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Comparison with other models — uncertainty
Temperature anomaly for Serbia from 16 models 1950-2100

SRES A1B
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Comparison with other models — uncertainty

SRES A1B
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Comparison with other models — uncertainty

SRES A1B ENSEMBLES RCMs
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Comparison with other models — uncertainty

PRECIPITATION CHANGE (%)

SRES A1B 2071-2100
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Changes of climate indices

FD - number of frost days

daily minimum temperature < 0°C
SU - number of summer days

daily maximum temperature > 25°C
TR - number of tropical nights

daily minimum temperature > 20°C

GSL - growing season length

count of days between first span of at least six days wheredaily mean
temperature > 5°C and first span in second half of the year of at least
six days where daily mean temperature < 5°C

CDD - consecutive dry days

maximum length of dry spell (daily precip< 1 mm)
CWD - consecutive wet days

maximum length of wet spell (daily precip=1 mm)



Changes of climate indices

Frost days Summer days Tropical nights

FD A1B 2071-2100 su AlB 2071-2100 TR AlB 2071-2100

Growing season length Consecutive dry days Consecutive wet days

GSL AlB 20?12109' coD - A1B 2071-2100 CwD A1B 2071-2100




Calculate impact

First approach:indices

Examples:
*Grape/vine production
*Agriculture production



Heliothermal index category

Impact: Grape and vine production (Ruml et al, 2012)

Model results are BIAS corrected for more
precise assessment on possible climate impact.

Impact is presented using climate indices
specially defined for vineyard classification.
*Heliothermal index (temperature)
*Dryness index (precipitation &evapo)
*Cool night index (Sept. temperatures)
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Impact: Agriculture production

0.4 -07 verydry
Hydrothermal coefficient — HTC (Seljaninov,1966) ©07- 10 dry

1.0- 1.3  insufficiently wet

»1.3  wet
Figure 3.2. Gross grain production and scale of drought in European Russia,
1900-1915
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Impact: Agriculture production
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Calculate impact

Second approach: Keep on modeling

Examples:
*Hydrology
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1. accumulated precip. ! 1. surface runoft i [ Discharge J . (Nickovic et al, 2011)

2. temperature at LM i | 2. subsurface runoff : :
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7. surface pressure
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Slovenia - Savinja river 26/10 — 6/11 1990

NMM 3.7km: 10 days accumulated precipitation NMM forecast :: temperature and streamlines at 850 mb
forecast initial time: 00Z260CT1990 .
valid at: 12Z01NOV1990
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HYPROM - climate simulation

Montenegro

HYPROM :: elevaton (cm) and streamlines
valid at: 00ZO5FEB2003

18.6E 18.7€

discharge (m"3/s)

Climate simulations
for Moraca rlver 2020 2029

2000

1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

—_

.

.

il

A

i

2003
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029

J|.I!r-

R 7
e

| | | | _ - -

ok
0

30 60 90

120 150 180 210 240 270 300 330 360
davs



HBV model — climate simulation
Project: Effects of climate change in the Kolubara and Toplica
catchments, Serbia (NVE, RHMSS, SEEVCC)
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Distribution of monthly mean discharge values
for the six RCM-HBV combinations in the
Toplica catchment.

Source:
IngjerdHaddeland (Ed.)
2013.



Conclusions on the future climate

Following A1B

* +3.5°C temperature increase

* -10% decrease in annual precipitation
* -50% in summer precipitation

* intensification of extremes

* serious impact on many sectors



