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The climate change threatThe climate change threat

Temperature 
IncreaseIncrease

Observed during last 
100 years100 years

Greater at northern 
latitudes

L d i  h  Land regions have 
warmed faster than 
the oceans

Expected during next 
100 years

(AR4  IPCC 2007)
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The climate change threatThe climate change threat

Socio-Economic Development 
Population

Governance

Technology

Production-consumption patterns

etc

Drivers 
Greenhouse gases, aerosols

Impacts and Vulnerability
Water resources

Climate Change
Temperature increase

Concentrations ↔ Emissions Ecosystems

(AR4, IPCC 2007)

Temperature increase

Precipitation change

Sea level rise

Extreme events
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The climate change threatThe climate change threat

Mitigation EcosystemsMitigation
Adaptation

Ecosystems
performance

We need tools to know what may 
h ifhappen if…

Models
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The riparian vegetation importanceThe riparian vegetation importance

Riparian ecosystems main elements 
Water  soil and vegetationWater, soil and vegetation

Riparian vegetationp g
Diversity of Habitats

Soil and nutrients retention

River ecological status 
(WFD)

Temperature regulation (Shadow effect)

M d lli  th  i i  t ti  di t ib ti  Modelling the riparian vegetation distribution 
RIPFLOW and RibAV models
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RIPFLOW modelRIPFLOW model

Distributed model (cell 
resolution 1m)
Annual temporal scale (soil 
moisture daily)
Main state variable

vegetation succession phase

5 
sub-models

vegetation succession phase

Dynamic riparian vegetation 
distributiondistribution

Physical parameters →
Succession or retrogression

Alicia García-Arias and Félix Francés. Climate change scenarios effects analyses over the riparian vegetation 
dynamics in a Mediterranean reach (Mijares River, Spain). SEFS 2011 - 7th Symposium for European Freshwater 
Sciences. Girona, Spain. June 27th - July 1st, 2011. 

Succession or retrogression



RIPFLOW model definitionRIPFLOW model definition

Five successive sub-models:
Recruitment → morphology, scour 
di t b  & WTEdisturbances & WTE

Shear stress → vegetation 
remotion (SSlim)

Flood duration → physiological 
stress, root asphyxia

S il i    Soil moisture → water stress 
(ETidx)

Succession progression →p g
different succession series

Parameters → thresholds
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Terde reach at the Mijares RiverTerde reach at the Mijares River

539 m long  850 masl539 m long, 850 masl
Basin area: 665 km2

Permanent flow regimePermanent flow regime
Bankfull Q = 5 m3/s
No flow regulation upstream
Riparian vegetation: 

Salix eleagnos

Salix purpurea

Populus nigra

Upland forest: 
Pinus and Quercus
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Performance evaluationPerformance evaluation

Confusion matrix Cohen’s kappa → coefficient 
of agreement, chance effect

K = 0.56 ± 0.0079
(95% conf. lim.)

main diagonal  → 71.86 %
terrestrial vegetation → 93.64 % 
riparian vegetation → 98.80 %
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Climate change scenariosClimate change scenarios

Socio-economic 

Projections, estimates and 
socio-economic models

Socio-economic 
scenarios

Emissions 

Emissions estimates

GCM and RCM
scenarios

Climate 
scenarios

GCM and RCM

Hydrologic models

Hydrologic 
scenarios

IMPACTS
ANALYSES
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Climate change scenariosClimate change scenarios

Reference period: 1960-1990

T and P → meteorological stations (AEMET)

Fl  i  t ti  (CEDEX)Flow → gauging stations (CEDEX)

CC Scenarios period: 2070-2100

Emissions scenarios:Emissions scenarios:

Optimistic → SRES B2

Pessimistic → SRES A2

T and P → regional climate scenarios (HadCM3-PROMES)

Flow → Hydrologic scenarios (PATRICAL) (Hernández, 2007)

Optimistic CC scenario→ HadCM3-PROMES (2070-2100) SRES B2

Pessimistic CC scenario → HadCM3-PROMES (2070-2100) SRES A2
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Climate change scenariosClimate change scenarios

Reference period 1960 – 1990

P= 530 mm/year

ET0 = 808 mm/year

ET > PET0 > P

SEMIARID 
ENVIRONMENT
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Climate change scenariosClimate change scenarios

Reference Period (1960-1990)

P= 530 mm/year

Precipitation

Optimistic scenario
HadCM3-PROMES(2070-2100) SRES B2

P= 418 mm/year

Pessimistic scenario
HadCM3-PROMES(2070-2100) SRES A2HadCM3 PROMES(2070 2100) SRES A2

P= 397 mm/year
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Climate change scenariosClimate change scenarios

Reference Period (1960-1990)

P= 530 mm/year

ET  808 /

Potential Evapotranspiration

ET0 = 808 mm/year

Optimistic scenario
HadCM3-PROMES(2070-2100) SRES B2

P= 418 mm/year

ET0 = 898 mm/year0

Pessimistic scenario
HadCM3-PROMES(2070-2100) SRES A2HadCM3 PROMES(2070 2100) SRES A2

P= 397 mm/year

ET0 = 920 mm/year
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Climate change scenariosClimate change scenarios

Reference Period (1960-1990)

Q= 0.94 m3/s

Daily river discharge (m3/s)

Optimistic scenariop
HadCM3-PROMES(2070-2100) SRES B2

Q= 0.69 m3/s

Pessimistic scenario
H dCM3 PROMES(2070 2100) SRES A2HadCM3-PROMES(2070-2100) SRES A2

Q= 0.66 m3/s
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Results - Last year simulated vegetationResults Last year simulated vegetation

Reference Period 
(1960-1990)

HadCM3-PROMES 
SRES B2 (2070-2100)

HadCM3-PROMES 
SRES A2 (2070-2100)

Water
Open gravel bar (IP-SD)
Pioneer phase (PP-RH)
Dense herb-willow shrubs (WD-HP-RH)
Willow shrubs (WD SP RJ) L  diff  th  t dWillow shrubs (WD-SP-RJ)
Young willow and poplar forest (WD-ES-RA)
Old willow and poplar forest (WD-EF-RA)
Trees Deciduous - Coniferous (WD-MS-RA)
Oak forest (WD-UF-TV)
Herbs-Reed (RE-HP-RH)

Lower differences than expected
Earlier succession phases are unfavoured
Expansion of bare soil zones
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( )
Reed-Willow shrubs (RE-SP-RH)



Results - Last year simulated vegetationResults Last year simulated vegetation

Optimistic scenario: 
HadCM3-PROMES SRES B2 (2100)

Pessimistic scenario: 
HadCM3-PROMES SRES A2 (2100)Reference Period (1990)

R d ti  f i i  t ti  Reduction of riparian vegetation areas
Small increase of terrestrial vegetation presence
Small increase of bare soil 
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Results - Vegetation dynamicsResults Vegetation dynamics

R f  P i d ( 9 0 990) O i i i  i  Reference Period (1960-1990) Optimistic scenario: HadCM3-PROMES(2070-2100) SRES B2

Pessimistic scenario: HadCM3-PROMES(2070-2100) SRES A2

Similar patterns of temporal changes
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Results – Mean area balancesResults Mean area balances

Riparian vegetation Riparian vegetation 
is vulnerable to 
climate change
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Results – Vegetation distribution and ETidx mapsResults Vegetation distribution and ETidx maps

Reference Period (1960-1990) Pessimistic scenario: HadCM3-PROMES(2070-2100) SRES A2

The RIPFLOW model simulates dynamic vegetation distribution and the RibAV 2D model simulates dynamic evapotranspiration indexes

RIPFLOW v3 = RIPFLOW + RibAV 2D 
(Francés  Egger and Ferreira et al  2010)
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(Francés, Egger and Ferreira et al., 2010)



Results - Evapotranspiration capabilitiesResults Evapotranspiration capabilities

R f  P i d ( 9 0 990) O i i i  i  Reference Period (1960-1990) Optimistic scenario: HadCM3-PROMES(2070-2100) SRES B2

Pessimistic scenario: HadCM3-PROMES(2070-2100) SRES A2

Generalized reduction of ET 
capabilities

Harder during dry years

Harder for the pessimistic scenario 
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Results - DiscussionResults Discussion

Riparian Vegetation under Climate Change

Impacts and Vulnerability
Riparian areas reduction

Increase of areas with bare soil

Drivers of change 
Temperature increase

Precipitation regimes change

Increase of terrestrial vegetation 
presence

Earlier successional phases 
f d

Flow reduction

Changes in extreme events

unfavoured

Reduction on ET capabilities

Gradual changes in riparian 
ecosystemsecosystems
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