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B Global Change impacts
Main driving forces of Global Change




B Global Change impacts

Temperature increase

8
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The 2001-2010 decade has been the warmest one never registered

Increase
0.74 °C
from1906 to
2005

5 warmest
years:

1th. 2005

2nd. 2010
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4th. 2003

5th. 2002



B Global Change impacts

CO, concentration increase

2008 CO, atmospheric concentration: 389 ppm

\

+36% over pre-industrial level
+28% over 1990 Kyoto baseline
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B Global Change impacts A

CO, concentration and temperature relationship

Temperature and CO, concentration in the atmosphere over the past 400 000 years
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B Global Change impacts

Temperatures: observed vs simulated

NATURAL : Annual glal::al mean temperalures (1.5m)
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Source: Tett et al. 1999.



P Global Change
Impacts
Glaciers retrait

Vernagt Ferner
glacier

(Tyrolean Alps)




B Global Change impacts
Droughts and tree mortality

B el -

Tm e ‘Norway (sumrher 2008)




B Global Change impacts ACCUA
Droughts and tree mortality

Jeremy Smith -

s P

http://pinyon.files.wordpress.com

A.G. Allard

Source: Allen et al. (2010)

T. Kitzberger



B Global Change impacts
Changes In plant growth period
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Note: Observed data from the International
Phenological Gardens in Europe except France,
the Iberian peninsula, mid and southern Italy,
and Greece.

Source: Menzel, 2002; Menzel u. Fabian, 1999.



B Global Change impacts
Deforestation in some Planet regions
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Matto Grosso do Norte, Brasil. Y. Arthus-Bernard, 1999, La Tierra desde el Cielo.



P Global Change impacts Z ACCUA
Deforestation in some Planet regions

Paraguay,
conserved
forests:

1945 - 8 M ha

2005 - 0,8 M ha

Source: PNUD 2007
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P Impacts in the Mediterranean basin ACCUA
A region with high heterogeneity in space and time

Rainfall distribution in a
region with a 3% of World
water resources fora 7%
of World population
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B Impacts in the Mediterranean basin
A region with high heterogeneity in space and time

Al meu pais la pluja no sap ploure: In my country the rain doesn't know how to rain,
0 plou poc o plou massa. rRaimon (1983) It either rains too much or too little.  Rraimon (1983)

Barcelona (Fabra station) London (Greenwich)
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30 -+ L 30 A =
20 -+ -5 20 A -5
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0 A -0 0 - -0

Mean anual precipitation 1961-90: 641.8 mm Mean anual precipitation 1961-90: 585.5 mm




P Impacts in the Mediterranean basin
Trends in Potential Evapotranspiration
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Source: Pifol et al. 1998

Weather is becoming more arid...



B Impacts in the Mediterranean basin
Impacts can vary among regions




B Impacts in the Mediterranean basin ACCUA
Future climate: temperature and rainfall projections

Annual DJF JUA
Annual mean, DJF o 1o
and JJA temperature b 3
change between 3 2
1980 to 1999 and §. 25
2080 to 2099, & E
averaged over 21 a | 05
models (A1B 5 o
scenario) I

Annual mean, DJF
and JJA fractional
precipitation change
between 1980 to 1999
and 2080 to 2099,
averaged over 21
models (A1B scenario)

Prec Response (%)

Mediterranean basin could become one of the most

vulnerable areas to climate change in Europe
Source: Climate Change 2007

Fourth IPCC Assessment Report



P Impacts in the Mediterranean basin ACCUA
Changes in water resources

Changes in annual runoff for 2090-99 period, relative to 1980-99

40 20 -10 -5 -2 2 5 10 20 40

Source: Climate Change and Water
2008. IPCC Technical Paper VI



P Impacts in the Mediterranean basin
Future trends on water resources in Spain
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Runoff could decrease -8% for the 2011-2040 period, -16% for 2041-2070 and
-28% for 2071-2100 (A2 scenario)

Groundwater recharge: -8% for 2011-2040, -15% for 2041-2070 and -27% for
2071-2100 (A2 scenario).

Source: CEDEX-MARM 2011



B Impacts in the Mediterranean basin
Future trends on water resources in Catalonia

2007 2030 2050 2070 2100
0 T T T T T .
Degree of climate change
S " Low
e Medium
-40
High
60 ‘

Source: ACA 2009

Compilation of previous studies focused on Catalonia : average decrease on
annual stream flow contributions of -5% (2015-2030) and -16 to -28% (2070-2100)



B Impacts in the Mediterranean basin
Expected changes in stream flow pattern
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Hydrologic regime could become
more extreme due to climate
P -~ change. Increase of extreme rain
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B Impacts in the Mediterranean basin
Vulnerabilities of human populations

Mediterranean population Water Exploitation Index (WEI)
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B Impacts on Mediterranean basin ACCUA
There are also important land use changes in the North rm

abandonment

Agricultural land >

Active population (%)
40

20
I

Forest
management >

changes

®  Agriculture/Forestry
O Industry & Services

| | | | |
1900 1920 1940 1960 1980



B Impacts on Mediterranean basin
There are also important land use changes in the North rm

7.3°W W 25w 0* 25°E

Rural Exedus

Disaster/Over-|
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Source: Hill et al, 2008, Global and Planetary Change 64
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P Impacts in the Mediterranean basin ACCUA
Land use changes
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Source: MCSC http://www.creaf.uab.cat/mcsc



B Impacts in Mediterranean basin
Changes in urban sprawl in Catalonia

30.000 -
27 500 - 9L Hospialet Urban density
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29 500 water
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Source: Tello (2005), from Ribera et al. 2001.



P Impacts in the Mediterranean basin
Changes which imply a forest surface increase

MONTSENY (CATALONIA)

BEFORE

NOW




B Impacts in the Mediterranean basin A
Changes which imply a forest surface increase

COLLSEROLA (CATALONIA)

BEFORE
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P Impacts in the Mediterranean basin
Forest decline

Defoliation (%)

A 25

207

15]
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B 25t
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Year

Source: Carnicer et al. (2011)
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P Impacts in the Mediterranean basin
Tree mortality

% DEAD TREES

IFN2 IFN3

Mortality of Scots pine in Pallars (Pyrenees, 2005)

>



P Impacts in the Mediterranean basin
Fire risk increase

Simultaneous fires (Greece, summer 2007)



B Impacts in the Mediterranean basin
Largest fire risk increase
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ACCUA

A scientific project to assess water




B The project
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B ACCUA project
The project

MAIN AIMS:

ZAssess territorial vulnerability of three diverse Mediterranean
watersheds in Catalonia with regard to the main effects of global change
on water availability

ZDefine possible adaptive options based on the assessment of territorial
and social vulnerability

The project has been developed during three years (2008-20011) by four
different research institutions  with an interdisciplinary approach.

¢ c R E A F Grup d'Hidrologia Subterrania I@Cﬂl
UNIVERSITAT POLITECNICA DE CATALUNYA . FHTHTEE
European Topic Centre

nnnnnnnnnnnnnnnnnnnnnn



B ACCUA project ACCUA

Downscaling

Global

Regional
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B The watersheds



B The watersheds

i

! s o Study areas

are three
medium size
watersheds :

TORDERA < Fluvia (977 mm, 13 °C)
: : 865 kmz. )
% e 2 Tordera (819 mm, 14 °C)

Barcelona Z Siurana (589 mm, 13 OC)




B The watersheds

el Fluvia
977 mm
’ \ 13 °C

J\W‘"’”\ﬁﬁﬂ
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\ = f
M.j la Tordera

819 mm
Ry 14 oC

I :00-500
[ 500-600
[ ]e600-700

Dry Catalonia

[ ]700-800

[ Jso0900 VWet Catalonia

[ ]900-1.000
[ 1.000-1.100
B 1.100-1.200
B : 200-1300mm

Fluvia and Tordera
represent wet
conditions whereas
Siurana represents a
drier ones

el Siurana
589 mm
13 eC

Source: from Digital Climatic Atlas of Catalonia (2000)



B The watersheds
Observed temperature trends (1914-2008)

Mean anual temperature (°C)

18.0

17.0

16.0

15.0

14.0

13.0
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~ A\ Tivissa [
Fluvia M“ e ///
Barcelona Tordera \'\/
Obs. Fabra Vilobi d'Onyar /f
Fluvia
Vall d'en Bas
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Al9°C
temperature
Increase
since 1979
has been
monitored at
the three
watersheds

Source: SMC and NESATv2 data base from Climate
Change Research Group. Universitat Rovira i Virgili.



B The watersheds ACCUA
Observed precipitation trends

1200
FLUVIA castell6 dEmparies 0,67 mm/ any

=
o
o
o

No significant changes
in annual
precipitation...

Annual precipitation (mm)

1915
1920
1925
1930
1935
1940
1945
1950

Precipitation Precipitation trends in
- March (mm/year) from
changes in March

1951-2000

Precipitation changes in March
(mml/year)

. <162

. -162--16

m-16--14

m-14-12

m-12-41

-1--08

c-08-2

...but significant
changes in certain
months

12300 Significant area at 95%
confidence level

A 0 10 20Km
g i 1 i J




B The watersheds
Land use changes

Fluvia 1993 2000 2005
97.320 ha

ZA slight increase of
forest surface is
observed

LA global decrease of
crops, specially
important in Siurana

Tordera
86.469 ha

ZA global increase of
artificial, specially in
Tordera

Siurana
6l.444 ha

Land uses

o Atificial

- Forest

Source: MCSC - CREAF



B The scenarios
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B The scenarios
IPCC emission scenarios

1000
—_— Alfi
— A2
= 800
g_ B2
S observed
8” 600
5 J
S 400 -
(%)
0
€
£ 200

1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100
Years

A2 storyline describes a future World with high economic and demographic growth. It

implies a global average warming of 3.5 °C at the end of the century respect to 1980-2000
period.

B1 storyline describes a future World with a material intensity reduction, with clean and

J efficient energy sources, and a stabilised World population. It implies an average global
warming of 1.8 °C.
Source: IPCC 2007
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B The scenarios ACCUA
Climate projections

Global Circulation Models (GCMs)
with low spatial resolution
(ECHAMS5) — 150 -200 km

Dynamic downscaling
1971-2100 SMC
Catalan Meteorological
Service

\4

Future climate series
adapted to local
conditions




B The scenarios
Climatic scenarios at regional scale

FUTURE PRECIPITATION TRENDS
FUTURE TEMPERATURE TRENDS

2000 i@ }
i

2006-2030: - 5.9%
2076-2100: - 17.4%

2006-2030: - 6.9%
2076-2100: - 26.2%

=
a1
o
o

Annual precipitation (mm)
o
o
o

500 .
|
-—-— Scenario B1
---— Scenario A2
0 ---—- Reference
S O O O OO T OT O O OFT O O O —— Five- i
22385822382 8IIBBSEER gy — emmmnemnene
O 9 99 9 QA AA®”CA&CQ — FRveyearsrunning mean scenario Bl

—— Five-years running mean scenario A2

Source: SMC 2010



D The scenarios

FUTURE PRECIPITATION TRENDS
FUTURE TEMPERATURE TRENDS

Mean temperature (°C)

Climatic scenarios at regional scale
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2006-2030: + 0.7°C
2076-2100: + 2.4°C

2006-2030: + 0.5°C
2076-2100: + 3.6°C

--—- Scenario B1
—---—- Scenario A2

----- Reference
—— Five-years running mean Reference
— Five-years running mean scenario B1

—— Five-years running mean scenario A2

Source: SMC 2010



B The scenarios
Temperature trends

;;;;;;

Mean annual temp

M <o
B o-11

,,,,,,,,,

A 2 °C change in
mean annual
temperature could
imply important
effects. It is the
difference between
Barcelona and
Alacant.



Rainfall (mm)
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B The scenarios ACCUA
Climatic scenarios at regional scale

RAINFALL DISTRIBUTION (mm/yr)

Precipitation (mm)
<700

[ 701 - 900

B 901 - 1100

Bl 1101 - 1300

I > 1301

1984-2008 2006-2030 2076-2100

WATER STRESS INDEX DISTRIBUTION

((P-ETP)/ETP*100)

B -100--75 [ J1-25

I -74--50 [126-50
[-49--25 [[]51-75
[ ]-24-0 [ 76 - 150

1984-2008 e 2006-2030

2076-2100

Source: ACCUA from SMC 2010 projections



B The scenarios
Socio-economic scenarios

AL CUA
Zpopulation
Zeconomic development
Zagriculture management
Zforest management
Zwater use management
Zland planning
ppulation pro jections
Comarca Baix Emporda
180000
170000 A
< 160000 "
€ 150000 | AAAAA
£ 140000 | AAA‘A“..,. .
130000 - ‘30”.’
120000 ‘ ‘ ‘ ‘ ‘
2005 2010 2015 2020 2025 2030 2035
Year

& Adaptative scenario A Trend scenario




B The scenarios
Socio-economic scenarios

FUTURE TERRITORIAL PROJECTIONS
FOR 2030..

.. UNDER A SUSTAINABLE SCENARIO

Socio-economic context

L Moderate economic growth

L Moderate demographic growth
L Restraint of energy consumption

.. UNDER A TREND SCENARIO

Socio-economic context

2 Fast economic growth

2 High demographic growth
Z Intensive use of fossil fuels
L Globalization

Source: ACCUA from ACA data and IDESCAT data



P The scenarios
Socio-economic scenarios. Land cover scenarios 2030

ACCUA scenarios
—  Land cover n
: Vulnerability of
SCENARIO CATALONIA 2030: Scenarios main agricultural
TRENDING SCENARIO 2030 classes
SUSTAINABLE SCENARIO

Main land cover flows

Land Change Modeler ~/

, Urban sprawl
Extension - IDRISI

Analysis and prediction of changes. i
Analysis of change explanatory variables.




B The scenarios
Socio-economic scenarios. Land cover scenarios 2030

Changes in crop class 1993 - 2000
[« Change Analysis 2]

™ Gaing and lozzes by categon Idritg: | hectares "]

{7 Met change by categony

Change analysis between 1993-2000
Class changes: eg. Crops and Urban Area
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P The scenarios
Socio-economic scenarios. Land cover scenarios 2030

URBAN SPRAWL - Selected variables for transition maps
Slope Urban area 1993 + 2000
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P The scenarios
Socio-economic scenarios. Land cover scenarios 2030

URBAN SPRAWL = Limitations to urbanization

Natura 2000




B The scenarios
Socio-economic scenarios. Land cover scenarios 2030

URBAN SPRAWL RESULTS—> Soft Prediction Map 2030

Probability of changing to
urban use

B gk 0.41258
- Low : 0.000000



B The scenarios A
Land cover scenarios 2030

Trend Sustainable

Land Change Modeler Fluvia
(Idrisi)

Tordera

Siurana



B The scenarios

The four ACCUA
scenarios

v P i s
S Wé% %

Past + Present

Historical data ‘ 1984-2008 period

Future projections

Climate change scenarios X Socio-economic scenarios
e L
Severe Low Trend Sustainable
v

Combined ACCUA scenarios
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Pesimistic . Optimistic
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Where we
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Adaptation
measures

Where we
could be
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Now Next 20 years
years

Time

Source: WaterChange project (CETaqua)



ACCUA

Global change impacts and
vulnerabilities on water bodies,
forests, crops and population




B Impacts on water
bodies

Future projections

Climate change scenarios ¥ Socio-economic scenarios

Qo LA

Severe Low Trend éustainable
v

Combined ACCUA scenarios

O B AR R R
Pesimistic Optimistic

|

What will happen with water?
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B Impacts on water bod

Iration

Evapotransp

Surface
runoff
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What are the components of the water balance?



B Impacts on water bodies
Methodology

Hydrological model

- SWAT
(baseline period)

Calibration and

— 100

300

200

validation

Climatic scenarios

Sever Lleu

Scenarios

“
N

Simulationsl

Socioeconomic scenarios

Tendencial  Sostenible

Water balance under
each scenario




B Impacts on water bodies
Modelling with SWAT program

T Ao g

it i v 2 Water balance model
A / - “ ~ Distributed and continuous

hydrological model coupled to a GIS
interface

~ SWAT estimates superficial and
sub-superficial flow, aquifers recharge,

erosion, sediments deposition and
movement, ...

SWAT ‘ Soil & Water
Assessment Tool



B Impacts on water bodies A
Modelling with SWAT program

Z Model calibration: Based on stream flow series from 4 gauging
stations and climatic series from 8 meteorological stations

Z Available data: 1984-2008 (25 years)
Z Calibration and validation: Daily time step, 3 - 4 years periods

Z Objectives:
L simulated hydrograph similar to observed one,

Z mean flow values and total contributions similar between simulated
and measured data,

£ Adequate values of statistics (Nash and Sutcliffe efficiency coefficient
(NSE) and RMSE-observations standard deviation ratio (RSR))



B Impacts on water bodies

SWAT calibration and validation

300
Garrigas
0
(0]
£ 200
=
ke
5
$ 100
17
>
T
D 0 I | le |
1987 1988 1989
300
Garrigas
0
™
E 200
=
ke!
5
o 100
17
3 I
'S
| 0 L ‘ ULL;\_; L'. e
1985 1986 1987

Calibration

Daily data

Statistics

Simulated mean
daily discharge

Observed mean
daily discharge

(m3/s) (m3/s) NSE |RSR
Calibration 9.1 7.1 0.5]0.7
Validation 8.5 7.1 0.5|0.7
Validation

— QObserved data
—_— SWAT simulated data




B Impacts on water bodies

SWAT validation

Monthly data
10
Olot
2
2 75
£
@
(0]
s 5 |
(72} ;
Simulated | Observed
> . .
< I l mean daily | mean daily
S 25 - i discharge | discharge
S (m3/s) (m3/s)
Olot 1.2 1.2
0 | T | T | T y Esponellé 8.4 7.2
1986 1989 1992 1995 1998 2001 2004 2007 Garrigas 8.5 7.3
60
Garrigés — Observed data
= — SWAT simulated data
)
= 40
£
]
e ‘
2 o | -
- Statistics
g u NSE RSR
S Olot 0.8 0.5
0 ‘ ' ‘ Esponella 0.6 0.6
1986 1989 1992 1995 1998 2001 2004 2007 Garrigas 0.7 0.5




B Impacts on water bodies

Methodology 300
: Calibration and 200
Hydrological model validation
_ SWAT — 100 |
(baseline period)
0
1987 1988
Climatic scenarios
Sever Lleu

Scenarios

Socioeconomic scenarios

Tendencial  Sostenible

Simulationsl
TN

Water balance under ’
each scenario




B Impacts on water bodies
Stream flow changes in 2006-2030

RELATIVE STREAM FLOW CHANGES FROM 2006-2030 RESPECT 1984-2008 (%)

Stream flow variation Stream flow variation
at headwater at river mouth

= 11 %
i
i

L Generalized stream flow reduction, more severe at A2 scenario (-13 to
-20 %)

2 The highest reductions are expected in the headwater

Z The socioeconomic scenarios (changes in land and water use) are not
relevant in water balance - Strong effect of forests in water balance



B Impacts on water bodies ACCUA
Stream flow changes in 2076-2100

RELATIVE STREAM FLOW CHANGES FROM 2076-2100 RESPECT 1984-2008 (%)

Stream flow variation
at river mouth

-22 %

Stream flow variation
at headwater

Z Generalized stream flow reduction at the end of the Century, more severe at
A2 scenario (-39 to -48 %)

Z The strongest reductions are expected at Fluvia headwater (-31 to -48 %)



B Impacts on water bodies
Ecological flow variation

%LQM S Actual
~N L

EATIGS
e

Number days Q < Q ecologic

s () w51 -100
— - 25 >100
m—26 - 50

L At the end of the
Century, the number of
days per year with
stream flow lower than
ecological flow will
increase (more than 90
days in A2)

2006-2030

R @
Al A o=

Increase number of P3O M 31-60
days Q < Q ecologic 0-10 WN61-90

11-30 W >90
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B Impacts on water bodies

Disturbance effects on water balance: simulation
experiment

WHAT WILL HAPPEN IF FOREST SURFACE IS REDUCED TO THE HALF BY 2030?

Land cover (MCSC, 2005) Land cover if forest surface is
Shrublands reduced to the half
Bl Forests Shrublands

B rorests



B Impacts on water bodies
Disturbance effects on water balance: simulation

experiment
+7 % increase of °

stream flow

contributions

+9 % increase of
stream flow
contributions

Rty

Maxim stream flow = 117.6 m3/s Maxim stream flow = 150.3 m3/s

The reduction of forest surface and the increment of shrublands will imply:

L Increase of the superficial stream flow contributions along the watershed
due to the reduction of actual evapotranspiration and infiltration.

Z Increase of the maxim stream flow, increasing the flood risk

Z Increase of the flow variability, tending to more extreme situations =2
Forest as water balance regulators.



IS

B Impacts on water bod

What are the components of the water balance?
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B Impacts on water bodies
Groundwater changes in 2000-2025

RELATIVE GROUNDWATER CHANGES FROM 2000-2025 RESPECT 1984-2008 (%)

Groundwater
variations

2 Generalized groundwater reduction, more severe at A2 scenario (-14%)

Source: UPC



B Impacts on water bodies
What are the components of the water balance?
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B Impacts on water bodies
Actual evapotranspiration changes

ACTUAL EVAPOTRANSPIRATION DISTRIBUTION (mm/year)

1984-2008

ETr (mm)
150 -
251 -
[ 351
Bl 451 -
Bl 551 -

250
350

-450

550
650

2006-2030 2076-2100

L At the end of the Century, a 14 to 25 %
reduction of real evapotranspiration is
expected



B Impacts on water bodies
Conclusions

A strong alteration on water dynamics is expected
during the XXI Century

A reduction in stream flow and groundwater
contribution is expected, more severe in the A2 scenario
than in the B1

Reductions are especially severe in the wetter
headwaters

Impacts on
water bodies

Socioeconomic scenarios for 2030 have not a relevant influence in water

balance

Forests have an essential role as regulators of the hydrologic cycle,
dimming the extreme events and reducing maximum stream flow,

smoothing the flood risk

At the end of the Century, the number of days per year with stream flow

lower than the ecological one will increase



B Impacts on forests

Future projections

Climate change scenarios ¥ Socio-economic scenarios
° 3 'l
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What will happen with water?




B Impacts on forests g Pl
Main forest species distribution

77.3 % of the Fluvia watershed is forest land:
35% holm oak 9 % beech

19 % oak 6% scots pine

14% aleppo pine

Source: MCSC 2005



B Impacts on forests L, ACCUA
Species bioclimatic suitability

BIOCLIM algorithm: it estimates bioclimatic envelopes using species distribution
and other explaining variables:

Z Climatic variables : Precipitation and Mean
temperature of the coldest month (according to
the Woody Plant Atlas of Catalonia)

Z Current species distribution according to IFN3

The algorithm generates maps with three classes:

Z Suitable: optimal sites for the species
Z Marginal: suboptimal range for the species
Z Unsuitable

% fﬁ*“"’ *
r”‘—m.. v - :y"
o T o/
e .
. B Unsuitable

Marginal
[ Suitable



B Impacts on forests
Species bioclimatic suitability °

Beech

Z The species

1984 -2008 2006-2030 2076-2100 associated to wet
areas (beech, oak,
Oak scots pine ...) could
change to marginal
conditions.
1984 -2008 2006-2030 2076-2100
Holm oak L Holm oak suitable

area could move to
higher areas

B Unsuitable

Marginal Source:
1984 -2008 2006-2030 2076-2100 Suitable BIOCLIM




B Impacts on forests
Forest functioning

GOTILWA+ FOREST MODEL

IFI.\-|‘2-IFN3: forest inventories

Climate

Precipitacid
Intercepeid

A Escc\la et
L - cortical

AlSUA AL SO i

Crenatge




B Impacts on forests
Forest functioning

WOOD PRODUCTION (kg/ha/yr)
g B fE T i % , Scenario B1
3 : ---—- Scenario A2
----- Reference

—— Five-years running mean Reference
Five-years running mean scenario B1

— Five-years running mean scenario A2

12500

>
‘® 10000
=
S~~~
(@) |
: < -
2 Wood production c 7900
. . _aep: @) !
shows a higher variability, |
with a strong rainfall 3 o000
. @)
dependency. A decreasing S 2500
trend is expected S
@)
=
< < < < < < < < < < < <
[ee] (o] o - N ™ < Lo (<} N~ [ce] (o]
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Source: GOTILWA+ model



B Impacts on forests
Forest functioning

CARBON NET EXCHANGE IN FOREST ECOSYSTEM

= Scenario B1
NEE = ---—- Scenario A2
----- Reference
—— Five-years running mean Reference
Five-years running mean scenario B1

_= C outputs — Cinputs

— Five-years running mean scenario A2

1000

Emission
500

Z Many forests, specially
wet forests, could change
their behaviour, from
carbon sinks to carbon

NEE (g C/m2/yr)
o

sources at the end of the 500 )
century + Capture
-1000
< < < < < < < < < < < <
(0] (@] o — (aN] o < Lo (e} N~ [e0] (@]
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Source: GOTILWA+ model



B Impacts on forests A
Forest functioning

FOREST TREE MORTALITY

DEAD WOOD

120000
100000
80000
60000 HDWV
40000 ZTree mortality events in
20000 | unmanaged forests could be
0
O O 00 <t O O 00t O OO0t Do more frequent at the end of the
0O OO O —TANANMMNMSLNLD WOWRN00 00O
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B Impacts on forests
Fire risk

DROUGHT CODE (DC), CANADIAN METEOROLOGICAL INDEX

Z Index based on climatic variables (T and P).

Z It estimates environmental drought and high inflamability
events .

Z DC 600-800 is a threshold used in Catalonia as indicator of
very high risk to suffer large fires.

yearly rainfall

B =800mm/year
O 500-800mmiyear
B <500mmfyear

10

i
|

Fire size (number of hotspots)

~ N

1}
|

T T T T T
0 500 1000 1400 2000

DC
Source: Loepfe et al, in press



B Impacts on forests
Fire risk

NUMBER OF DAYS PER YEAR WITH DC > 800 (EXTREME RISK)

Number of days

DC > 800 Z Fire risk increase at
0-10 the end of the century
| ; gg could make worst the
W :i-45 Mediterranean forest
1984 -2008 Bl 46-65 vulnerability

2006-2030 2076-2100



B Impacts on forests ACCUA
Conclusions T

forests

Forest could be potentially vulnerables to global change: ﬁ

Z due to a decrease in water stored in soil,

Z due to the changes in the species bioclimatic suitability,
showing worsen effects on the species of wettest areas

Z due to fire risk increase



B Impacts on crops

Future projections

Climate change scenarios ¥ Socio-economic scenarios
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What will happen with water?




B Impacts on crops
Main crops distribution

1 Alfalfa

Corn

Soft white wheat
Oat

| Colza

Forage crops
Sunflower

Olive

Barley
Permanent pasture
Apple tree
Ray-grass
Sorghum

Z In 2005, the 19 % of
Fluvia watershed
surface was occupied
by crops

Z The corn is one of
the most distributed
crops in the
watershed, occupying
the 3.5 % of the crops
surface

Source: MCSC 2005



B Impacts on crops
Crop irrigation requeriments

160 1 160 e —1oma.
--¢--1984-2008 1984-2008
O+ 2009-2030 Q-+ 2009-2030
£ _ T 20 - —0—2076-2100
£207 —o—2076-2100 E
£ s
2 5
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g ()
3 >
2 o
S 3
5 c
g 40 2 40
5 g
0 T T R “‘-# 0
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vivouo

Apr May Jun Jul Aug Set Oct Nov Des

vivouo

Z Crops will increase
irrigation
requirements and will
amplify the period in
which irrigation is

necessary to maintain
actual productions

Source: IRTA



B Impacts on crops
Crop irrigation requeriments

Irrigation requirements
(mm/month)

June

July

Bl August
B September
October

CORN
2008-2030

2076-2100

W¢;E Irrigation requirements
(mm/month)
June
July
Bl August
B September
October

Z Irrigation requirements in some
actual crops, which are rarely or not
currently irrigated, might be highly

increased at the end of the XXI
Century.

Source: IRTA



B Impacts on crops
Changes in crop phenology

CORN Z Nowadays, the sowing
season starts at the end of
5 h;gr:r;%ari /5| [5w FTeh\:\?az 5| [5M T T s March in the lower part of
EIEEEEENE I i B S EREREIAE ;§ the watershed

L At the end of the XXI
Century, the sowing
season might gain
approximately 10 days

Z Nowadays, the number of days per year with
thermal stress (T> 302C) in July and August is 10
days/year

R F P EaE i e El e s () R e Z At the end of the XXI Century, the number of days
291303 26|27(28)29(30 24|25(26|27(28[29/30 W| . .
per year with thermal stress might double

Z Nowadays, corn requires approximately 160 days for achieving the physiological
ripeness.

Z At the end of the XXI Century, the number of days might reduce 20 days per year.

Source: IRTA



B Impacts on crops
Conclusions oot

Z Agriculture might be deeply affected by climate change
if crops are not able to adapt to the future
environmental and market requirements

Z Crops might experiments changes in the phenology and
in the irrigation requirements, in both irrigated and
rainfed crops

Z Crops, together with forests, have an important role as carbon sinks



B Impacts on
population

Future projections

Climate change scenarios ¥ Socio-economic scenarios
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What will happen with water?




P |mpacts on population

An exemple of the impacts on human populations
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B Impacts on population
Population vulnerability to climate change

Fluvia watershed e

25

N
o

=
(62

Number of days per year
o o

o

Tropical nights Tmin > 21 °C
Hot days Tmax> 30 °C
— Very hot days Tmax> 35 °C

//
1984-2008 2006-2030 2076-2100

L At the end of the
Century, there will
be 6 days more of
tropical nights and
13 and 6 days more
of hot and very hot
days per year

Source: ACCUA from SMC 2010 projections



B Impacts on population ACCUA
Forest fire risk for goods and persons

NUMBER OF DAYS PER YEAR WITH DC > 800 (EXTREME RISK)

Z At the end of the

Number of days Century, urban areas next
22 - B‘f]’g to forest with extreme fire
11-90 risk could increase,

- 21-30 specially in the lower part

31-45
e of the watershed

1984 -2008

2006-2030 2076-2100



B Impacts on population
Conclusions o

£ -
Z Human wellfare, health and security could be affected by b"
the changes in environmental conditions. "

,,,,,



L ACCUA

Adaptive measures




. A
B Adaptive measures 4
Water bodies

Z Improvement of the integral management of water resources:

Z Planning of the future land uses depending on water availability.

Z Application of saving measures that promote the resources optimal
uses and its reutilization.

Z Application of action plans to protect the Emporda wetlands and
prevent from fragmentation




I Fa ‘ei’f%%
B Adaptive measures ACCUA
Forests and shrublands

< Forest management promoting health forest structures, fire and water
stress resistance: Reduction of trees density and promotion of big trees

Z ldentification of more vulnerable species to global change in order to
manage and guaranty its viability:

Z 0ak in low altitude areas

Z Promotion of trees and shrublands species more adapted to future new
conditions.

Z Recovery and maintenance of the agro-forest mosaic



B Adaptive measures

Prades Mountains




B Adaptive measures ACCUA
Crops

< Agronomic techniques might help more vulnerable species through:
Z changes in varieties and sowing season dates,
< reduction of plantation density,

crops orientation,

increase of soil water storage capacity,

increase water use efficiency, also in irrigated crops

use regenerated water if possible.

7
i,
7
i,
7
i,
7
i,

K4

Z Agro-forest mosaic balance (crops—forests—shrublands—pastures) :
L flux regulation of carbon, nitrogen, phosphor, water, ...,

Z improvement of biodiversity and connectivity

Z thermal regulation and wind protection.




B Adaptive measures
Urban uses

Z Water use optimization. Water saving through incentives that promote
optimal water use and reutilization

Z Territorial and strategic planning: Introduce sustainability criteria in
urban planning. Promotion of compact cities

Z Promotion of housing energetic efficiency and the use of renewable
energies

Z ldentification of sensitive population to extreme climatic events and
development of emergency plans




ACCUA

ACCUA summary sheet: a tool
supporting adaptive management
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Risc d'incendi

Periode 1984-2008: uni-
forme Compoitament pre-
visi: Perlode 2006-2030:
Es dluplica el nombire de
dies amb risc extren a

la part baixa el Fluvia

Parfode 2076-2100: Fins

Tendéncia P
|mmidacada)
Bl a0
Bl -0
24 - 20
=19 --10
-0
o e s heatva
A RE del nivedl
o8 comiEnga

astanyer 1 Talg als trams mitjos 1 Daixos

o [Roure 1 caslanyer als lrams baixos

B Reduir densitats i potenciar estructures amb
arbres grans a través de la gestid
Després d'una pertorbacio, identiticar espécies sen-
sibles i potenciar aguelles espécies més resistents
ales noves condiclons.

B Recuperacia i manteniment del mosaic
agroforestal

Aquestes analisis no tenen en compte 'efecte de
situacions extrernes i les seves sinérgies; episodis de
sequeres, ventades, nevades, . Els resultats
reflecteixen els efectes de canvis graduals més que no
pas esdeveniments exdrems.
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FLUVIA

Boscos
escena’
A2 smc enl pre-
sense ¢ 2030
socioex bie e

Bl a

Cobertes arbories - e ot e Intercanvi de carboni als Idoneitat climatica de les espécies Risc d'incendi

DR: uni-

luvia

o nl Demanda evaporativa Evapotranspiracio Quantitat d*aigua al sol 00: e

mitjana (ETP) real (ETr) Reduccions previstes: b tisc
Periode 1984-2008: 734.4 mm Periode 1984-2008: 527.5 mm Periode 2006-2030: -7.1% nal el

Temper; Increments previstos: Reduccions previstes: Periode 2076-2100: -17.9%

ereme! Periode 2006-2030; 2.5% Periode 2006-2030; -1.7%

Periode 2076-2100: 16.8% Periode 2076-2100: -12.6%

Periode 7

Paiiude 2

1984-2008 1984-2008

Aigua al 5ol (mm)

e
1 Laugment de la temperatura provoca
Demand r] | '
mitjana : Ln increment en la demanda evapora-
Periide 1 2006-2030

Incremer ’,J'T—-wl?' 3 tiva de |les plantes.

Peritde 2

Patleon La disminucl de la precipitacid té un

efecte directe scbre la quantitat d'aigua i
disponible al sol. '

ETP {inm) : ETr ) Levapotranspiracio real, definida com
EL0- 0D TEC ZER

fo, 5 — S - — el la quant itat d'aigua que realment \Va%

o ox o = H I 451- 550 i e <
| RHEIEE RS ¢ - i | EIRE sSevapoara en Con dicions narmals i que

depen de 'aigua disponiple al sol i de

20762108 oy e o : la coberta vegetal, disminueix a mesu- d
,{.’-._‘ 1 M te de

ra que hi ha menys aigua al sdl, isodis de

; 85 gJue no
ra que hi ha menys aigua al sol. agroforestal pas esdeveniments extrems.




FLUVIA
Boscos
escenari
A2 smc
sense es
socioeca

€ r-

Temperat
Increments
Periode 200
Paiinde 20

ey

Temperatura mitjans
=
o

1084
188
200d.

2 B

Demanda
mitjana (H
Periode 19
Increments,
Periode 20
Periode 20

2076-2100
P S B

o Vulnerabhilitats

Intercanvi de carboni als
hoscos. Comportament previst:
Periode 2006-2030: Els boscos
sequiran actuant cam a capladors
de carboni. Perlode 2076-2100:
Alguns bascos podrien aciiar com a

emissars de carboni, especialment

i
Emissiny
= B0
1
3 .II
i " e
m | . b - a1
g mo I
£ Captacié
o
g § 2 g8 23 2 2 g 2 2

CEE O

Producdd de fusta

Comportament previst: Elevada
variabilitat futura, altament
dependent de la precipitacid, pero

amb tendéncdia al decreixement,

Prociuecis fusta (knhanwy

9 Vulnerabilitats

Idoneitat dimatica de les espécies
Comportament previst: Perlode 2006-2030:
Els caduclfolls (faig, roure, ..} es mantenean
en zones optimes | s'eslenen cap a ZoNes més
elevades. Les esclerofilles I perennifdlies
(sureda, alzina,...) estenen el seu &prim cap a
zones més elevades. Perfode 2076-2100: Les
zones bprimes dals caducifolis tendeixen Cap
a condicions subdptimes. Les esclerofilles |
perennifélies desplacen ¢l scu optim cap a
zones més elevades.

[ Alzina | 1984-2008
1884-2008 Fire
fomiy Sy ¥ e O

ke . ; ™~ | \ o

- T N e -
{, o Y . 5o R L;v"

T R A 1 :

2006-2030 2006-2030

S s Ny L ka3

Freg o +d e s
- - L
Idongitat
2076-2100 B e
4 i X : L £ ks
I ; =
%

et [ - [ E
e ol gﬁa

:uni-

ni pre-
2030:

e e

11 4

Risc d'incendi "
Periode 1984-2008: uni- e
forme Compartament pre-
vist: Perfode 2006-2030:
Es duplica el nombre de

iy 1isc

il clel

dies amb risc exiram a

la part baixa del Nuvia.
Perfode 2076-2100: Hins
d B4 dies anuals amb risc

extrem ala part final del

Fluvia.

Numero de
0Oc = 800
2076-2100 3-11

11-20

W -
L B ii-as

de
pdis de

< que no
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. 9 Vulnerabilitats
FLUVIA

Boacee
Boscos

. i

i climati Cobertes arbories o Intercanvi de carboni als i Idoneitat climatica de les espacies Risc d'incendi
ascenari cumalic B e . H . . .
de la conca o boscos. Comportament previst: i Comportament previst: Perfode 2006-2030: Periode 1984-2008: uni-

A2smc FL 77.3% dle 1 nica del Flu- Perlote 2006-2030: FIs i o forme Compoitament pre-

sense escenari via esta ocupat per boscos hing visi: Perlode 2006-2030:
socigeconomic (MCS(C 2005) X SE e carboni. Perfode 2076-2100; | elevades. Les esclerofilies i peremniflies Es duplica el nombie e

o Pres

Temperakur|

Fls caducifolis {[4ig, toure, ) s mantenen

sequiran actuant com a capkadors N 7ONes OpHimes i s'estenen cap a zanes més

A

Gestic Forestal orientada cap a estructures
més sanes, més resistents al foci amb menys
estras hidric

Increments P
Periode PN06

Periude 2076

P A B bk B Ak b nkd DR A

Espécies més vulnerables gue s'haurien de

Tomporatura mitjans [¢)
g

gestionar prieritariament per garantir la seva viabilitat:

o Castanyer i faig als trams mitjos i baixos

2 |m‘

Demanda e
mitjana (E
Periode 1984
Increments
Periode 20016
Periode 2076

B Reduir densitats i polentiar eslrudlures amb

arbres grans a traves de la gestia

B Després d'una pertorbacid, identificar espécies sen-

sibles | potenciar aquelles espécies més resistents

ales naves condicions.

Recuperacid i manteniment del mosaic

agroforastal

X e
o ETe{mm) L'evapotranspiracio real, definida com Després d'una pertorbacid, identificar espécies sen-
}{.’-\..\,s‘- la quantitat d'aigua que realment sibles i potenciar aguelles espécies més resistents Aquestes analisis no tenen en compte l'efecte de
s'evapora en condicions normals i que ales noves condicions. situacions extremes i les seves sinérgies: episodis de

depén de 'aigua disponible al sol i de sequeres, ventades, nevades, .. Els resultats

la coberta vegetal, disminueix a mesu- n Recuperacia i manteniment del mosaic reflecteixen els efectes de canvis graduals més que no

ra que hi ha menys aigua al sol. agroforestal pas esdeveniments extrems.
27




FLUVIA

Boscos

escenari climatic
A2 smc

sense escenari
socioecondomic

o Pressions

Temperatura mitjana

Increments pl‘evistos:
Periode PNNG-2030: (.5°C
Paiinde 2076-2100: 3.5°C

El

Tomporatura mitjans [¢)
o

Impactes

Demanda evaporativa
mitjana (ETP)

Peride 1984-2008; 734.4 mm
Increments previstos:

Periode 2006-2030; 2.5%
Periode 2076-2100; 16.8%

2076-2100
P e

9 Vulnerabilitats

Cobertes arbories = Zmifg“ Intercanvi de carboni als Idoneitat climatica de les espéacies Risc d'incendi
de la conca E . boscoes. Comportament previst: Comportament previst: Perfode 2006-2030: Periode 1984-2008: uni-
Fl 77.3% de la i inca del Flu- : > Perfode 2006-2030: Fls hoscoos Fls caducifolis {[4ig, toure, ) s mantenen forme Compoitament pre-
via esta ocupat per boscos S r\::?/ seqguiran actuant fom a captadors N Fanes optimes i s'estenen cap a zones més vist: Perlode 2006-2030:
{MCSC 2005) de carboni. Perlode 2076-2100: elevades. Les esclerofildes i peremnifdlies Es dluplica el nombire de
Alguns bust os podrien atluar com a (sureda, alsina, Y estenen el seu plirn i ap a dies amb risc extren a
emissors de carboni, especial ment 7ones mes elevades. Perfode 2076-2100: | es la part baixa el Fluvia
s o zones dpkimes dels carlducifolis lendeixen Lap Parfode 2076-2100: Fins
i a 64 dies anuals armb 1isc
extrem ala part final del

Precipitac Fluvii.
Reduccions
Periocle 20 [ Alzina | 1083-2008
Par inde 207} \
_\\ -~
e o~ T
5 o P ) 1

2005-2030

Preciohackh anual immi

Aguestes analisis no tenen en compte ['efecte de

2076-2100 a.m

situacions extremes i les seves sinérgies: episodis de

sequeres, ventades, nevades, ... Els resultats

reflecteixen els efectes de canvis graduals més que no

Reduccions
Periode 200
Periode 207

ras esdeveniments e xtrems.

1984-2008

Espécies més vilnerables que s'hauren de

o o

"y 4 ' i = S

. Laugment de latemperatura provoca 1 gestionar prioritarlament per garantir la seva viabilitat:
un increment ¢n la demanda evapora = Castanyer i faig als trams mitjos i baixos
tiva de les plantes. « Roure 1 castanyer als [rams baixos

La disminucio de la precipitacio té un

efecte directe sobre la quantitat d'aigua B Reduir densitats i potenciar estructures amb

disponitile al sal. arbres grans a través de la gestid

L'evapotranspiracio real, definida com B Després d'una pertorbacid, identificar espécies sen-

la quantitat d'aigua que realment sibles i potenciar aguelles espécies més resistents Aquestes analisis no tenen en compte l'efecte de
s'evapora en condicions normals i que ales noves condicions. situacions extrernes i les seves sinérgies; episodis de

depén de 'aigua disponible al sol i de sequeres, ventades, nevades, .. Els resultats

la coberta vegetal, disminueix a mesu- n Recuperacia i manteniment del mosaic ] reflecteixen els efectes de canvis graduals més que no
ra que hi ha menys aigua al sol. agroforestal pas esdeveniments extrems.
L.
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