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 According to the Intergovernamental Panel on Climate Change

the precipitation pattern and temperature will significantly change

by the end of 21st century, which will affect the hydrologic regime.

 Streamflow conditions are crucial to determining the abiotic

structure and biotic composition of riverine ecosystems.

 The success in the conservation of the biodiversity depend on

our ability to know, protect and/or restore the main components of

the natural flow regime.
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Objective
 Calibrate and validate, in daily basis, the Ladra River basin (NW

Spain) using SWAT model in order to assess the climate change

impact on the hydrological regime in the Ladra River Basin for

2071-2100 period using RCA4 regional climate model driven by

the CNRM-CM5 global circulation model.

 Check the use of some tools recommended in the Spanish

Hydrologic Planning Instruction in order to assess the impact on

hydrological regime.

 Indicators of Hydrologic Alteration in Rivers (IAHRIS)

 Basic Flow Methodology (BFM)
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 The Ladra River is one of the most unique water ecosystems in the
Atlantic region in the Iberian Peninsula. It is located in the northwest of
Spain, within Terras do Miño Biosphere Reserve (declared in 2002 by
UNESCO) and was selected as a Site of Community Importance (SCI) by
the European Union.

Area 843 km2

Elevation 392 – 906 m

Precipitation 1139 mm

Discharge 17.9 m3/s



SWAT Model. Data Collection
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Data type Source and Description
DEM Extracted from the Spanish National Geographic

Institute (IGN) with a resolution ratio of 25 m. 
Land Use 
Map

Obtained from the CORINE Land Cover 1:100,000 
vector map

Soil Map Obtained from the Harmonized World Soil Database
(HWSD) with a resolution of 1 km

Weather
Data

Daily temperature and precipitation data were
extracted from Spain02 (Herrera et al., 2012). The
dataset is available on daily time scale with resolution
of 12 km.

Stream
Discharge

Stream discharge taken from CEDEX site no. 1619 
located at Begonte for the study period.



SWAT Model. Model Set-up
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WARM-UP CALIBRATION VALIDATION

1966-1970 1971-1985 1986-2000

• Sentivity analysis

• Calibration was performed
using SUFI2 routing in
SWAT-CUP (1000 runs)

• KGE as objective function

• The model was calibrated
at a daily scale
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Climate Change Impact Assessment Study

 Weather input data for SWAT has been extracted from
the climate model outputs 

 Regional Climate Model: RCA4
 Parent GCM: CNRM-CM5
 Grid Resolution: 0.11 deg ≈ 12.5 km
 CORDEX Domain: EURO-CORDEX
 Modeling Agency: Swedish Meteorological and 

Hydrological Institute (SMHI)
 Scenarios: RCP 4.5, RCP 8.5
 Bias Correction Technique: Distribution Mapping

(CMHyd)
 Land use pattern is considered same for the future

scenario
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Indicators of Hydrologic Alteration in Rivers
(IAHRIS)

 IAHRIS is a software designed to obtain parameters
that characterize the flow regime, both the natural
and the altered regime, in a section of the river.

 The software calculates a set of indicators that
evaluate the degree of alteration of the most relevant
environmental aspects of the flow regime based on
the Spanish Hydrologic Planning Instruction.

 IAHRIS is a free software, available at the website:
http://www.ecogesfor.org/IAHRIS_en.html

http://www.ecogesfor.org/IAHRIS_en.html
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Parameters for the characterization of the flow regime
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List of Indicators of Hydrologic Alteration
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Basic Flow Methodology (BFM)

 The BFM is a hydrological methodology used to
calculate environmental flow needs for river
regulation.

 It has been established as a method of reference
gathered in the Spanish Hydrologic Planning
Instruction.

 The BFM does not provide a unique minimum flow
value, but an environmental or maintenance flow
regime:

 Basic Flow
 Bankfull Flow
 Maximum Flow
 Rate of Flow Change



Basic Flow Methodology (BFM)
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 Model Performance
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Validation
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1971-2000
Baseline

2071-2100
RCP4.5

2071-2100
RCP8.5

Precipitation (mm) 1138.96 1047.87 1003.65

∆ (mm) - -91.09 -135.31

∆ (%) - -8.00 -11.88

1971-2000
Baseline

2071-2100
RCP4.5

2071-2100
RCP8.5

Tmax (°C) 15.92 17.72 19.73

Tmin (°C) 5.95 7.46 9.18

∆Tmax (°C) - 1.80 3.81

∆Tmin (°C) - 1.51 3.22

 Climate Change Impacts

Mean Annual Precipitation

Mean Annual Temperatures
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1971-2000
Baseline

2071-2100
RCP45

2071-2100
RCP85

Mean annual streamflow (Hm3) 564.62 458.41 382.43

∆ Streamflow (Hm3) - -106.22 -182.19

∆ Streamflow (%) - -18.81 -32.27

 Climate Change Impacts
Mean Annual Streamflow
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 Climate Change Impacts
Basic Flow

Baseline RCP45 RCP85 ∆RCP45 (%) ∆RCP85 (%)

January 4.82 4.10 4.05 -14.88 -15.98

February 4.64 4.02 3.98 -13.36 -14.16

March 4.48 3.75 3.69 -16.12 -17.59

April 4.36 3.85 3.61 -11.73 -17.16

May 4.17 3.64 3.54 -12.84 -15.18

June 4.16 3.57 3.51 -14.14 -15.63

July 4.13 3.57 3.51 -13.54 -15.02

August 4.13 3.58 3.51 -13.30 -14.98

September 4.15 3.57 3.53 -13.95 -14.88

October 4.34 3.65 3.57 -15.89 -17.71

November 4.52 3.86 3.63 -14.63 -19.58

December 4.99 4.51 4.25 -9.63 -14.80
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 Climate Change Impacts IAHRIS (RCP 8.5)

ASPECTO
INDICES DE ALTERACIÓN HIDROLÓGICA (IAH) NIVEL I NIVEL 

II
NIVEL 

III
NIVEL 

IV
NIVEL 

V
VALOR CÓDIGO DENOMINACIÓN 0,8< I 

≤1
0,6< I 
≤0,8

0,4< I 
≤0,6

0,2< I 
≤0,4

0< I 
≤0,2

FL
O

O
D

S

MAGNITUDE

0.84 IAH7 Magnitude of the maximum
floods

1.00 IAH8 Magnitude of the effective
discharge

0.88 * IAH9 Frequency of the connectivity
discharge

0.65 IAH10 Magnitud e of the flushing floods

VARIABILITY
0.59 * IAH11 Variability of  the maximum

floods

0.53 * IAH12 Variability of the flushing floods

DURATION 0.69 IAH13 Floods duration
SEASONALITY 0.83 IAH14 Floods seasonality

D
RO

U
G

H
TS

MAGNITUDE
0.75 IAH15 Magnitude of the extreme 

droughts

0.76 IAH16 Magnitude of the habitual 
droughts

VARIABILITY
0.70 * IAH17 Variability of the extreme 

droughts

0.69 * IAH18 Variability of the habitual 
droughts

DURATION 0.44 * IAH19 Droughts duration
SEASONALITY 1.00 IAH20 Number of days with null flow
VARIABILITY 0.44 IAH21 Droughts seasonality
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 The SWAT model has been applied in the Ladra River

basin and it showed a general good performance.

 Climate change scenarios showed a noticeable impact

on water flow, decreasing up to 32%.

 The results show an important risk of more frequent

and severe drought conditions.

 Climate change will also affect the variability of

floods.

 The model provides guidelines to decision makers

and sets the possibility to test further scenarios.
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