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Summary
In the context of the project: Adaptation to climate change in Colombia performed by
Deltares, Future Water, SarVision and UNESCO-IHE and financed by Partners voor Water, a
fully distributed hydrological model was calibrated for the lower and middle Magdalena Basin.
The Wflow model used is developed by Deltares and is a fully distributed version of the HBV
model (Lindström et al., 1996) with a kinematic wave function for routing. The model was
calibrated at the stations of Payande (Coello basin), Puerto Berrio and Regidor and the Nash-
Sutcliffe (Nash and Sutcliffe, 1970) scores obtained were respectively for each station 0.34,
0.70 and 0.80. The input data used was inverse distance interpolated precipitation based on
490 stations measured by IDEAM. Minimum and maximum temperatures were as well
measured by IDEAM and interpolated using a lapse rate correction. They were then used in
the Hargreaves formula (Hargreaves and Samani, 1985) to derive potential evaporation. The
model was run from 1980 until the end of 2013.

In order to assess climate change impacts on discharges of the Magdalena basin, the
historical data (precipitation and potential evaporation) were transformed based on a multi-
model approach derived from the newest IPCC report. This was done by Future Water using
an advanced delta change method for the HadGEM2-ES and MPI-ES-LR climate models for
both representative concentration pathway (RCP) 4.5 and 8.5 and for mid and end century.

Analysis of climate change was done based on mean, minimum, maximum monthly flows;
cumulative volumes and extreme values based on a Gumbel distribution.

Results of mean, maximum and minimum monthly discharges show an increase in
discharges in the first rainy season (especially during April). The increase in discharges is
less during the second rainy season of October, but still significant. An overall increase
throughout the year is predicted for mean, maximum and minimum monthly flow by both
models.

The return period of extreme discharges such as in 2010 and 2011 is predicted to be once
every 4 years on average at Puerto Berrio. Discharges with a return period of 100 year might
be 40% higher in future climate.

The study on the impacts of climate change in the Magdalena basin shows an overall
increase of the occurrence and the magnitude of extreme events. Additionally, overall mean
discharges and especially during the first rainy period (April) are expected to increase.  These
results seem to be robust over the climate projections used in the study representing two
different climate models and scenarios. To really estimate the occurrence and extent of floods
and associated risks additional hydrodynamic and damage modeling is required.
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1 Introduction

1.1 Background
This work is part of the project Climate Adaptation Colombia, a tipping-point analysis and
is in cooperation with the following Colombian partners: the Insituto de Hidrología,
Meteorología y Estudios Ambientales de Colombia (IDEAM), the Departemento Nacional de
Planeación (DNP), the Corporación Autónoma Regional del Río Grande de la Magdalena
(Cormagdalena) and the Corporación Autónoma Regional del Tolima (CORTOLIMA). The
project is financed by the Dutch governmental program Partners for Water and involves a
number of Dutch parties: Future Water, SarVision, UNESCO-IHE and Deltares as lead
partner.

After Colombia was hit by large inundations in 2011, the government raised their focus on
flood prevention and a cooperation project between the Netherlands and Colombia started.
The project aims at assessing climate change impacts on the Magdalena River using
downscaled climate data set from the Coupled Model Intercomparison Project Phase 5
(CMIP5). For this purpose, the calibration of a hydrological model with historical data was
required to enable forcing the model with future climate.  This model was developed at a
0.02º resolution using the fully distributed wflow-hbv model which is built in the open source
Python and PCRaster software (Utrecht University, 2013).

1.2 Objectives
This report describes the development of the hydrological model based on historical data for
the calibration. In an earlier stage of the project, calibration had been done with a global
meteorological data product based on re-analysis, in-situ data and remote sensing data (the
Global Meteorological Forcing Dataset for land surface modelling developed by the Princeton
University, Sheffield et al. 2006) because data from IDEAM was not yet available for the
Dutch consortium. The obtained results revealed that supposedly a great improvement could
be achieved if historically measured precipitation was used instead of the Princeton dataset.
In this report, historical meteorological data from IDEAM is used to calibrate the model with
measured discharges at Puerto Berrio and Regidor (on the Magdalena River) and at Payande
(for the Coello basin).

After this, the calibrated hydrological model could be used to run the climate simulations that
were downscaled by Future Water (Kraaijenbrink et al., 2014). The results of the climate
analysis are also described in this report with a main focus on mean and extreme changes of
river flows in the Magdalena Basin.

The objectives are therefore to:

1. Demonstrate the developed hydrological model.
2. Asses future climate changes based on the hydrological model.

1.3 Report
This report first presents the studied areas. Methods for calibration, used data and model
explanations are outlined in Section 3 Methods. Results of the calibration and the climate
analysis are given in Section 4 Results. Conclusions on the assessment are given in Section
5 Conclusion.
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2 Study areas

The project aimed at demonstrating a climate analysis in a large as well as a small
catchment. For this study, the catchments of the Magdalena and the Coello basins were
selected to perform the hydrological analysis.

2.1 Magdalena Basin
The Andes of Colombia consist of three nearly parallel mountain ranges with a South-North
orientation. The wide eastern Magdalena river valley and the narrow western Cauca river
valley lie in between these ranges. The Magdalena River is 1612 km long and drains an area
of approximately 257.000 km2 into the western Caribbean. The Cauca River is the main
tributary of the Magdalena River, which in turn is the largest fluvial system in Colombia which
has its source in the headwaters of the Andean Cordillera at an elevation of approximately
3300 m. The average rainfall in the area is 2050 mm/year. Average annual rainfall rates in the
area vary from 500 mm/yr up to 7000 mm/yr (Atlas de la Cuenca del Río Grande de la
Magdalena). There are two dry and two wet seasons. The wet seasons last from March to
May and from October to November. The low rainfall periods tend to occur from December to
March and from June to September. (Restrepo & Kjerfve, 2000)

The model was set-up for the entire basin; however it was calibrated until Regidor, therefore
excluding the downstream part of la Mojana. As the Mojana region is very flat, a
hydrodynamic model would in addition of the hydrological model also be required to correctly
predict discharges in the Magdalena River. This was not part of this project, but the Mojana
region is currently being modelled in another Deltares project.

2.2 Coello Basin
The Coello basin is located in the Tolima region and originates in the Central Cordillera at an
altitude of approximately 3850 m. The main river is approximately 141 km long and drains an
area of approximately 1843 km2 into the Magdalena River at an altitude of approximately 300
m. The main tributaries of the Coello River are the rivers Bermellón, Cocora, Andes, Gallego
y Combeima. (Source: http://www.cortolima.gov.co)
The Coello River provides water for important urban municipalities in the Tolima region and
industries, agriculture and livestock rely on the Coello River for their water resources. The
Coello was selected as a study area of the Climate Adaptation Project to assess future
climate change on the scarce water resources of the Coello basin.
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3 Methods

3.1 Model description
The model used to represent the daily discharges of the Magdalena River was the distributed
OpenStreams wflow_HBV model (Schellekens, 2014). This model is based on the
Hydrologiska Byrans Vattenbalansavdelning (HBV) model version of 1992 by the Swedisch
Meteological and Hydrological Institute (Lindström et al., 1996).
The Wflow-HBV model was developed as part of the Deltares OpenStreams project and
consists of a set of python commands that can be used in the command line to perform
hydrological simulations. The framework is based on the PCRaster python framework.
The wflow-HBV model resembles the HBV model developed by the SMHI, however, it does
not include the routing function. Instead, it uses a kinematic wave routine to route the water
downstream along the river network.
Snow processes were not included in the modelling as discussed during the wflow training in
Colombia in October 2013 with the participants. This was decided because snow is not a
dominant process in the Magdalena Basin and only represents 0.38% of the basins area
(Cormagdalena, Atlas 2007).

A schematic overview of the wflow-hbv model is given in Figure 3.1.

Figure 3.1 Schematic overview of the wflow-hbv model
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3.2 Input and output data

3.2.1 Meteorological data

Historical precipitation
In a first stage of the project, meteorological data from IDEAM was not yet available for the
Dutch consortium and it was therefore decided to work with a global reanalysis
meteorological product developed by the Princeton University (Sheffield et al., 2006) for
calibration purposes.
Later on in the project, data from IDEAM was available and some rapid assessments showed
that a great improvement could be achieved with the hydrological model if this measured data
was used. The consortium decided to reproduce the work that had already been done to
improve its quality. While in the first calibration, six stations were used; due to time
constraints it was decided to re-calibrate the Magdalena River based on two stations and
calibrate the Coello based on one station. The calibrated subcatchments are shown in Figure
3.2.

For climate analyses, it is important to have an as long as possible time series record. From
all stations available from IDEAM, it was decided to use all 490 stations that had 70% or more
of non-missing values from 01-01-1980 until 31-12-2013. Their spatial distribution over the
area is shown in Figure 3.2. The point data was interpolated into a gridded product with a
resolution of 0.02º using an inverse weight distance interpolation with an exponent value of 2.

Figure 3.2 Calibrated subcatchments and precipitation stations
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Historical potential evaporation and temperature
Potential evaporation was derived based on by IDEAM measured minimum and maximum
temperature using the Hargreaves formula (Hargreaves & Samani, 1985). The temperature
stations which had 70% or more data availability between 01-01-1980 and 31-12-2013 for
minimum (93 stations) and maximum (42 stations) temperature are shown in Figure 3.3.
Future Water interpolated minimum and maximum temperature using a lapse rate correction
to a grid of 0.02º resolution. Those interpolated gridded maps were then used to derive a
gridded product of potential evaporation.

Figure 3.3 Stations for minimum and maximum temperature used to derive potential evaporation

Future climate
In order to assess climate change impacts on discharges of the Magdalena basin, the
historical data (precipitation and potential evaporation) was transformed based on a multi-
model approach derived from the newest IPCC report. This was done by Future Water
(Kraaijenbrink et al., 2014) using an advanced delta change method for the HadGEM2-ES
and MPI-ES-LR climate models for both representative concentration pathway (RCP) 4.5 and
8.5 and for mid and end century. This is depicted in Table 3.1.

Table 3.1: Climate models
Reference
(historical)

HadGEM2-ES MPI-ES-LR

1980-
2013

2036-
2065

2071-
2100

2036-
2065

2071-
2100

rcp4.5 rcp4.5 rcp4.5 rcp4.5
rcp8.5 rcp8.5 rcp8.5 rcp8.5
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3.2.2 Discharge data
The model was calibrated with daily discharges obtained from IDEAM for the:

• Magdalena River at Puerto Berrio;
• Magdalena River at Regidor;
• Coello River at Payande.

The locations of the three stations are shown in Figure 3.2.

IDEAM also provided water levels at Puerto Berrio and Payande and this enabled to show
how rating curves had changed over time (see Figure 3.4).

Figure 3.4 Rating curves in time at Pto Berrio and Payande

3.2.3 Elevation data
The wflow-hbv model requires elevation data to derive the river network. Elevation data was
retrieved from the Shuttle Radar Topography Mission (SRTM) at a resolution of approximately
90 by 90m and resampled to the resolution of the model of 0.02º. The resampled elevations
are shown in Figure 3.2.

3.2.4 Land cover data
The following land cover map (Figure 3.5) of 2005, provided by SarVision, was used as input
for the distributed wflow-HBV model. For those parameters of the hydrological model that
have land cover specific values, distributed parameter values were given according to the
type of land cover in the catchment.
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Figure 3.5 Land cover of the Magdalena Basin (source: SarVision)
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3.3 Calibration procedure

3.3.1 General
A conceptual hydrological model consists of a set of reservoirs, fluxes and delay functions
that are meant to represent dominant hydrological processes in a catchment, as depicted in
Figure 3.1. Conceptual models require a set of parameters that correspond with
physiographic properties of the basin for reliable predictions (Shamir et al., 2005). These
parameters represent inherent properties of the catchment and can often not be measured in
the field and therefore need to be calibrated.

Manual calibration
The model was calibrated using manual calibration and a trial and error procedure. This
method is relatively time consuming, however it enables to understand the model and the
system better than when automatic calibration is applied.

In an earlier phase of the project, when the consortium was working with the Princeton
dataset, a split-time automatic Monte Carlo calibration had been applied, which enables to
predefine a set of plausible parameter range for the calibration with IDEAM data (see
Bouaziz, 2014).

Calibration set-up
For the Magdalena Basin, the station of Puerto Berrio was first calibrated and parameters
were fixed for Puerto Berrio when the downstream station of Regidor was calibrated.
Based on different performance indicators (as outlined in Section 3.3.2), an optimal
parameter set was selected for the three sub-catchments in between the stations used for
calibration.

3.3.2 Parameter values
In the distributed OpenStreams framework, the value of the parameters of the wflow-HBV
model may be distributed in space according to the type of land cover, the soil type and the
sub-catchment.
Tables are provided to the model where the value of the parameter is given according to land
cover, soil type and sub-catchment.

The following parameters are present in wflow-HBV, when the snow routine is left out of the
model:

ICF:  Maximum storage of the interception storage     (mm)
ICF represents the maximum storage capacity of the interception storage.

FC: Maximum storage of the soil moisture storage     (mm)
FC represents the storage capacity of the soil moisture of the HBV-model. A large value for
FC means that more water can be stored temporarily in the soil moisture storage zone. The
runoff response is very sensitive for the choice of FC. Furthermore, the soil moisture storage
is known to vary spatially, which makes it difficult to set FC beforehand.

LP: Limit of potential evaporation          (-)
The parameter LP describes the soil moisture level above which the evaporation reaches the
potential value. When the ratio of the soil moisture over the field capacity is lower than the
factor LP, the actual evaporation is reduced by a factor LP.
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Beta:  Parameter for varying the degree of field saturation           (-)
Beta is a coefficient that determines the amount of rainfall that flows from the soil moisture
storage to the upper storage depending on how full the soil moisture storage is.

SUZ: Storage threshold above which very fast runoff occurs     (mm)
SUZ represents the threshold capacity of the upper zone storage above which very fast runoff
occurs.

K4:  Slow recession:  (1/day)
The recession (unforced groundwater outflow) of a catchment is often schematised as a
‘linear reservoir’. In HBV, this is equivalent with the outflow from the slow reservoir. This
outflow is modelled in HBV as:

( ) ( )4s sQ t K S t= (0.1)

Where Qs [L/T]  is  the  flow  from the  slow  reservoir, K4 [1/T] is the linear outflow coefficient
(reciprocal of residence time) of the reservoir and Ss [L] is the storage in the slow reservoir. In
periods with no rainfall, K4 can be read from the recession curve section of the hydrograph by
plotting on log-scale and estimating the slope. The slope is equal to K4. An expected
correlated parameter is PERC, which conceptualises percolation to the deeper reservoir of
HBV (reservoir, assumed to be correlated with the groundwater table).

K0: K0 is the time scale of the recession of the very fast runoff       (1/d)
The time scale of the runoff of the upper zone, when the storage reaches a value higher than
SUZ, is represented by parameter K0.

KQuickFlow: time scale of the recession of the fast runoff      (1/d)
The upper zone has a continuous linear recession with time scale KQuickFlow.

PERC: Percolation rate  (mm/d)
The percolation rate regulates the percolation from the upper zone to the lower zone
reservoir.

Cflux: Capillary rise  (mm/d)
Cflux represents the capillary flux from the upper zone to the soil moisture reservoir.

Instead of using the original MAXBAS delay function from HBV, the wflow-HBV model makes
use of the kinematic wave. The following parameters are required for the kinematic wave
routing:

N: Manning coefficient           (-)
N represents the friction of non-river cells

N_River: Manning coefficient of the river cells           (-)
N_River is the coefficient for the friction of river cells.
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Defining possible parameter values for calibration
The calibration exercise is meant to find optimal values for these parameters in order to be
able to reproduce the observed response.
In order to reduce the number of free parameter and prevent parameters to compensate for
each other during calibration, a number of parameter values were fixed. This might also
reduce the risks of equifinality, which means that for different parameter values, the model
performs equally well.
Based on trial and error, the parameter values in Table 3.2 were fixed for all catchments.

Table 3.2 Fixed parameter values
Parameter Value
PERC 2 mm/d

N_River 0.04
N 0.06
K4 See Table 3.3

KQuickFlow 0.01 d-1

Cflux 1 mm/d

The choice of these parameters was either made because they had a limited impact on the
response or because they could be determined from the hydrograph. This was for example
the case of the slow recession parameter K4.

The parameter for the slow recession K4 was determined for each catchment by plotting the
hydrograph on log-scale and estimating the average slope from several points. An example
for determining the slope of the yellow line is shown in Figure 3.6 for Regidor.

Figure 3.6 Determining the slope of the recession at Regidor
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The values for K4 used for the different catchments are shown in Table 3.3.

Table 3.3 Fixed values for K4 for each subcatchment
Station K4
Puerto Berrio 0.01
Regidor 0.005
Payande 0.008

The other parameters mostly influenced the runoff response and were optimized by trial and
error. From these parameters, the following depended on the land cover type for their values:

• FC
• LP
• ICF

Performance measures
The performance of a parameter set for the wflow-HBV model was evaluated using
performance measures which are based on hydrological signatures. The ability of the model
to reproduce hydrological signatures of the observed discharge time series is a measure for
its performance and its realism.
In order to select the most optimal parameter set, the following performance measures were
evaluated during the manual calibration procedure:

• Nash-Sutcliffe efficiency (Nash and Sutcliffe, 1970)
This measure is common in hydrological studies. It normalises the squared residuals of the
observed minus simulated time series and is a measure for the overall performance, with an
emphasis on errors at high flows. A score of 1 means a perfect fit with the observations, while
a value of zero means that the average of the observed is an equally good predictor of
discharge as the modelled series. Nash and Sutcliffe efficiency is computed as follows:

( ) ( )

( )

2

21
s

t
nse

t

Q t Q t
L

Q t Q

é ù-é ùë ûê ú
= - ê ú

é ù-ê úë ûë û

å

å
, (0.2)

where Lnse [-] is the Nash and Sutcliffe efficiency, and Qs and Q are simulated and observed
discharge respectively [L3 T-1]. t represent the time step.

• Visual inspection of the discharge regime curve
The plotted modelled and observed discharge regime curves were inspected to check their
resemblance.

• Visual inspection of the hydrograph
The modelled and observed hydrographs were inspected to match recession limbs, high
peaks and the overall pattern of discharges.
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3.4 Assessing climate change impacts
The calibrated model was then used to run the climate scenarios which were downscaled by
Future Water. Climate change impacts were assessed at Puerto Berrio on the Magdalena
River, based on the following criteria for the different scenarios:

• Mean, minimum and maximum monthly discharges.
• Cumulative volumes.
• Hydrographs during 2010-2011.
• Extreme values based on a Gumbel distribution.

Climate change assessment for the Coello basin was done with a water allocation model by
Future Water (Droogers et al., 2014) and will not be discussed in this report.
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4 Results

4.1 Calibration
The results of the calibration experiment for the different sub-catchments are given in this
section. For each sub-catchment, the Nash-Sutcliffe efficiency, discharge regime curves and
hydrographs were plotted to show the performance of the chosen parameter sets.

The values of the different parameters after calibration are summarized in Section 4.1.4.

4.1.1 Puerto Berrio

Discharge regime
The discharge regimes of observations and simulations at Puerto Berrio are shown in Figure
4.1.

Figure 4.1 Discharge regime of observations and simulations at Puerto Berrio

Overall the model slightly underestimates the observed mean monthly discharges, especially
from January to September.

Hydrograph
The simulated and the observed hydrographs between 01-01-2009 to 31-12-2012 at Puerto
Berrio and the average precipitation over the sub-catchment are shown in Figure 4.2
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Figure 4.2 Observed and simulated hydrographs and precipitation at Pto Berrio between 2009 and 2012

The observed and simulated hydrograph show a good match. This is confirmed by the value
of the Nash-Sutcliffe efficiency which has a value of 0.8.

For Puerto Berrio, Gumbel distributions of modelled and observed extreme annual values
were also plotted with their uncertainty bands as depicted in Figure 4.3.

Figure 4.3 Gumbel distribution of observed and modelled annual extreme values with uncertainty bands
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It was found that the modelled Gumbel distribution slightly overestimated the observed
Gumbel distribution; however the fit was well within the uncertainty bands. As the model was
not calibrated based on extreme values; this result enabled to validate the performance of the
model.

4.1.2 Regidor

Discharge regime
The discharge regimes of observations and simulations at Regidor are shown in Figure 4.4.

Figure 4.4 Discharge regime of observations and simulations at Regidor

Overall, the model again slightly underestimates the observed mean monthly discharges over
the entire year.

Hydrograph
The simulated and observed hydrographs between 01-01-2009 to 31-12-2012 at Regidor and
the average precipitation over the sub-catchment are shown in Figure 4.5.

Figure 4.5 Observed and simulated hydrographs and precipitation at Regidor between 2009 and 2012
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From the hydrograph, it is noted that peaks are overestimated by the model at Regidor,
perhaps because some floodplains start to fill and this is not included in the model. The
overall performance is however satisfying with a Nash-Sutcliffe efficiency of 0.7.

4.1.3 Payande

Discharge regime
The discharge regimes of observations and simulations at Payande (on the Coello river) are
shown in Figure 4.6.

Figure 4.6 Discharge regime of observations and simulations at Payande

Overall the model slightly underestimates mean monthly discharges except in May.

Hydrograph
The simulated and observed hydrographs between 01-01-2002 to 31-12-2006 at Payande
and the average precipitation over the sub-catchment are shown in Figure 4.7.

Figure 4.7 Observed and simulated hydrographs and precipitation at Payande between 2002 and 2006
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As the Coello basin is a much smaller basin than the Magdalena basin at Puerto Berrio and
Regidor, it is more difficult to get a high performance. In a larger basin, uncertainties in
precipitation are lumped and may compensate each other. In a small basin however,
uncertainties in precipitation are not easily corrected and uncertainties in the discharges are
the consequences. Therefore the achieved value for the Nash-Sutcliffe efficiency was only
0.34. For a climate assessment, where climate scenarios are also highly uncertain and mainly
relative differences are evaluated between scenarios and reference, this value is acceptable.

4.1.4 Final parameter set
The final set of calibrated parameters for Regidor, Puerto Berrio and Payande is summarized
in Table 4.1.

Table 4.1 Final calibrated parameter set at the different locations
FC (mm) LP (-) ICF (mm) SUZ (mm) Beta (-) K0 (d-1)

Puerto
Berrio

Varying
from 50 to

90
depending

on land
cover

Varying
from 0.3 to

0.9
depending

on land
cover

Forest: 4
Scrub: 3

Agriculture:2
Rest: 1

50 0.9 0.2

Regidor

Varying
from 70 to

110
depending

on land
cover

50 1.7 0.02

Payande

Varying
from 10 to

100
depending

on land
cover

Varying
from 0.4 to

0.9
depending

on land
cover

80, 15 and
25

1.1 and
0.9

0.1 and
0.2

4.2 Climate change assessment
The climate change assessment with the two climate models and the two RCPs for mid and
end of century was performed at Puerto Berrio. The following was assessed for all scenarios:

• Mean, minimum (over the entire period) and maximum (over the entire period) monthly
discharges.

• Cumulative volumes.
• Hydrograph during 2010-2011.
• Extreme values based on Gumbel distributions.

Mean, minimum and maximum monthly discharges
The mean, maximum (over the entire period) and minimum (over the entire period) monthly
discharges calculated for the mid and end century for the different RCPs and historical period
are shown in Figure 4.8 for the HadGEM2-ES and in Figure 4.9 for the MPI-ES-LR model.
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Figure 4.8 Mean, maximum and minimum monthly discharges for reference, RCP4.5 and RCP8.5 for mid and end
century for the HadGEM2-ES climate model

Figure 4.9 Mean, maximum and minimum monthly discharges for the reference, RCP4.5 and RCP8.5 for mid and
end century for the MPI-ES-LR climate model
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Both models show that especially mean and maximum discharges will increase in the future
for all months and mainly during April. The RCP8.5 in the MPI-ES-LR model predicts higher
increases than RCP4.5, while RCP4.5 predicts even slightly higher discharges than RCP8.5
for the HadGEM2-ES model in November and December.

Plots with only mean discharges are given in Figure 4.10 for HadGEM2-ES and in Figure 4.11
for MPI-S-LR for a better visualization at an adapted scale.

Figure 4.10 Mean monthly discharges for reference, RCP4.5 and RCP8.5 for mid and end century for the
HadGEM2-ES climate model

Figure 4.11 Mean monthly discharges for the reference, RCP4.5 and RCP8.5 for mid and end century for the MPI-
ES-LR climate model
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Cumulative volumes
The plots of cumulative volumes for the reference situation and the different scenarios
confirm that discharges are predicted to increase in the future. Cumulative volumes are
shown in Figure 4.12 for the HadGEM2-ES model and in Figure 4.13 for the MPI-ES-LR
model.

Figure 4.12 Cumulative volumes for the reference, RCP4.5, RCP8.5 scenarios of HadGEM2-ES for mid and end
century
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Figure 4.13 Cumulative volumes for the reference, RCP4.5, RCP8.5 scenarios of MPI-ES-LR for mid and end
century

Again it can be seen that RCP8.5 is more extreme than RCP 4.5 for the MPI-ES-LR model
while the opposite is observed for the HadGEM2-ES model.

Hydrographs
The transformed climate and its consequences on the hydrographs during 2010-2011 are
shown in Figure 4.14 for HadGEM2-ES and in Figure 4.15 for MPI-ES-LR model.

Figure 4.14 Hydrograph of reference and scenarios of the HadGEM2-ES model between 2009 and 2011
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Figure 4.15 Hydrograph of reference and scenarios of the MPI-ES-LR model between 2009 and 2011

These hydrographs show that extreme peaks might become more than twice as large in the
future.

Extreme values – Gumbel distributions
Extreme annual values were analysed by fitting a Gumbel distribution with uncertainty bands
for the reference and the scenarios of the HadGEM2-ES model (Figure 4.16) and the MPI-
ES-LR model (Figure 4.17).

Figure 4.16 Gumbel distributions of extreme annual values of the reference and scenarios of HadGEM2-ES for the
mid and end century
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Figure 4.17 Gumbel distributions of extreme annual values of the reference and scenarios of MPI-ES-LR for the mid
and end century

In the above Figures, a grey horizontal line has been added for the discharge recorded at
Puerto Berrio during the 2010-2011 flooding (8300m3/s). In the Gumbel fit for the reference
period, this discharge has a return period of 27 years, but in future scenarios the return period
may on average decrease to every 4 years. The return period of this discharge in future
scenarios is given in Table 4.2. It should however be noted that the uncertainty bands around
these estimates are large ranging for instance from 10-100 years for the return period of 2011
maximum discharge.

Table 4.2 Return period of the 2010-2011 discharge at Puerto Berrio in future scenarios
Scenario Discharge

(m3/s)
Current return
period (years)

Return period
2036-2085
(years)

Return period
2071-2100 (years)

HadGEM2-ES
RCP 4.5

8300 27 4 4

HadGEM2-ES
RCP 8.5

8300 27 4 3

MPI-ES-LR
RCP 4.5

8300 27 5 5

MPI-ES-LR
RCP 8.5

8300 27 3 2
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With these plots, it is also possible to find discharges that belong to a return period of 100
years, which is often used as a design standard for flood protection systems in many
countries. These discharges are summarized in Table 4.3 and show that the discharge
belonging to a return period of 100 year might increase with more than 40% in the future.

Table 4.3 Discharges belonging to a return period of 100 year at Puerto Berrio in future scenarios
Scenario Return

period
(years)

Current
discharge
(m3/s)

Discharge
2036-2085
(m3/s)

Discharge
2071-2100
(m3/s)

HadGEM2-ES
RCP 4.5

100 9887 14370 14310

HadGEM2-ES
RCP 8.5

100 9887 14600 15810

MPI-ES-LR
RCP 4.5

100 9887 13250 13670

MPI-ES-LR
RCP 8.5

100 9887 14770 16700

The Z-score enabled to determine that future discharges belonging to a 100 year return
period were significantly different (more than 95%) than the current 100 year return period
discharge.

Overall the climate change assessment revealed an increase in discharges (mean and
extremes).
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5 Conclusion

This study aimed at calibrating the wflow-HBV rainfall-runoff model for the Magdalena basin
at Regidor and the Coello basin at Payande and assessing climate change impacts based on
the latest CMIP5 models.

The available measured meteorological data from IDEAM enabled the calibration of the fully
distributed wflow-hbv model and reliable simulations were obtained for mean and extreme
discharges. Nash-Sutcliffe efficiencies values for the calibrated model ranged from 0.34 for
the relatively small Coello basin to 0.7 and 0.8 for Regidor en Puerto Berrio respectively. The
validated model could then be used to run climate simulations for two models from CMIP5
and two RCPs for the mid and end of century.

The study on the impacts of climate change in the Magdalena basin shows an overall
increase of the occurrence and the magnitude of extreme events. Additionally, overall mean
discharges, especially during the first rainy period (April) are expected to increase.  These
results seem to be robust over the climate projections used in the study representing two
different climate models and scenarios. To really estimate the occurrence and extent of floods
and associated risks additional hydrodynamic and damage modeling is required.
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