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Overview

ANA (2004)

• Introduction 

• SWIM model

• Problems (calibration and 
validation) and solutions

• Results / Scenarios

• Outlook
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Overview

ANA (2004)

INNOVATE: INterplay among multiple uses of water reservoirs via 
inNOVative coupling of substance cycles in Aquatic and Terrestrial 
Ecosystems -> Focus area: Itaparica Reservoir, Brasil

• Introduction 

• SWIM model

• Problems (calibration and 
validation) and solutions

• Results

• Outlook
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Introduction: SWIM vs. SWAT

Are there (m)any differences?
There are some, but… (SWIM is based on SWAT’94 & MATSALU)

• Same model structure
• Basic assumptions and equations similar

Some specific functionalities
- Wetlands
- Dams and reservoirs
- Agriculture (Irrigation)
...

SWAT: more user-friendly
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Introduction: Discharge at gauge Traipu / São 
Francisco

data: ONS (http://www.ons.org.br/)
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Introduction: Discharge measurements –
ANA (http://portalsnirh.ana.gov.br/)

1)

1) http://www.ons.org.br/

São Francisco River basin: 640,000 km2

Discharge measurements from 175 gauges 
(ANA - Agência Nacional de Águas)

Criteria for selection: catchment area, time 
series length, no large gaps in time series
 65 gauges selected

For some gauges naturalized discharges 
(calculated by subtracting reservoir effects 
& water uses from measured discharges) 
are available from ONS (Operador Nacional
do Sistema Elétrico)
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data: ONS (http://www.ons.org.br/)

Introduction: Discharge at gauge Traipu / São 
Francisco
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ONS: http://www.ons.org.br/
operacao/vazoes_naturais.aspx

Introduction: Naturalization of discharge (ONS)
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Introduction: Water use in the São Francisco basin

Water use data from 2002-2013 
from ANA (Agência Nacional de Águas)

Withdrawal (max.)
0.01 – 0.50 m3/s
0.51 – 1.00 m3/s
1.01 – 2.00 m3/s
2.01 – 5.00 m3/s
5.01 – 10.0 m3/s
10.01 – 20.0 m3/s
20.01 – 50.0 m3/s
50.01 – 100.0 m3/s
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SWIM: Approach in this study

1. Collection/controlling of data

2. SWIM calibration/validation on naturalized discharges 

3. SWIM simulation including water management

4. SWIM simulations for climate scenarios

5. SWIM simulations for land-use scenarios
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SWIM: Land-use data

Land use maps according to 
Ministério do Meio Ambiente (Uso da terra), 
Global Land Cover-Project (GLC), and 
MODIS2001;
land use data adapted to land use classes in SWIM

• SRTM-Digital Elevation Model
• Soil data: EMBRAPA - Brazilian Enterprise  

for Agricultural Research)
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SWIM: Delineation of Sub-basins (1627)

Itaparica

Sobradinho

Tres Marias

1,3007001,5007,23310,782587,000Itaparica

1,3004301,0505,44834,117498,425Sobradinho

5002503964,25019,52850,560Três Marias

Qmin. 
[m3/s]

HPP, yield
[MW]

HPP, inst. 
[MW]

Dead storage
[Hm3]

Capacity
[Hm3]

Drainage 
Area [km2]Reservoirs

Koch et al.: Water management modeling in SWIM: 
new features and applications
(2013 International SWAT Conference, Toulouse)
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- daily climate data (re-analysis data corrected by using monthly 
observations; e.g. Tmax, Tmean, Tmin, precipitation, solar 
radiation) from the WATCH-project (http://www.eu-watch.org/)

- grid cells of 0.5° (approx. 50x50km) 

SWIM: Climate data for calibration / validation
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SWIM: Calibration (1988-1994) and 
validation (1995-2001) at 23 gauges

Três Marias

Formosa do Rio Preto
Traipu

Morpara
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SWIM: Calibration (1988-1994) and 
validation (1995-2001) at 23 gauges

Três Marias

Formosa do Rio Preto
Traipu

Morpara

19%27%-5%-17%3%13%2%12%BIAS

532757-4,3-20,66030328,257,9BIAS [m3/s]

0,250,280,180,170,460,650,730,74NSE

val.cal.val.cal.val.cal.val.cal.

TraipuForm. d. R. PretoMorparaTres Marias
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Porto das Andorinhas

Formosa do 
Rio Preto

Vareza de Palma

Juvenila

Sao Sebastiao

Problems: Runoff coefficient for different rivers

Runoff coefficient:
runoff [mm/a] / precipitation [mm/a]
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*
*

*

*Runoff coefficient:
runoff [mm/a] / precipitation [mm/a-1]

Problems: Runoff coefficient for different rivers
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Problems: Slow reaction of baseflow or groundwater groundwater 
inflow from other (subinflow from other (sub--)basins)basins?

?

?

?

?
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Results: managed discharges

Tres MariasInflow, obs.
Outflow, obs.
Inflow, sim.
Outflow, sim.
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Tres MariasInflow, obs.
Outflow, obs.
Inflow, sim.
Outflow, sim.

ItaparicaInflow, obs.
Outflow, obs.
Inflow, sim.
Outflow, sim.

Results: managed discharges
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Scenarios: Climate scenarios 
(RCP: Representative Concentration Pathway)

Climate projections of five CMIP5 ESMs (http://cmip-pcmdi.llnl.gov/cmip5/);
bias-corrected (Hempel et al., 2013)
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Results: Climate models (reference, natural Q)
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Results: Climate models (reference, natural Q)
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Scenario RCP8.5: Changes natural Q
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Scenario RCP8.5: Changes natural Q
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Scenario RCP8.5: Changes in mean daily outflow 
reservoir Itaparica (natural to managed)
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Results: Scenario RCP8.5, mean daily electricity 
generation Itaparica
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Outlook

Presentation of scenarios and 
results to stakeholder:
1. Recife (04.08.2014)
2. Belo Horizonte (06.08.2014)
3. Petrolandia (08.08.2014)

Discussion, e.g.:
change reservoir management
(especially for drought 
conditions)?!
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Outlook: “better” climate scenarios?
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• Data availability for the São Francisco River basin is very good
• SWIM was modified to fit south American conditions
• A number of problems (calibration/validation) could be solved
• Some problems remain (e.g. groundwater inflow from other basins,

reliability of naturalized discharges, applicability of climate scenarios?)
• Open question: include channel losses (especially for main river)?

• Approach applied:
- SWIM calibration/validation on naturalized discharges 
- SWIM simulation including water management
- SWIM simulations for climate scenarios
- SWIM simulations for land-use scenarios
… seems to be promising

Summary



Modelling of water availability and water management for the São Francisco Basin; Hagen Koch et al.

OBRIGADO PELA ATENÇÃO!

Isso é tudo

THANK YOU!

Vielen Dank für Ihre
Aufmerksamkeit!



Modelling of water availability and water management for the São Francisco Basin; Hagen Koch et al.

SWIM: Delineation of Sub-basins (1627)

Itaparica

Sobradinho

Tres Marias

Calibration: 23 Subcatchments with different parameter sets
Smaller tributaries (little effect of water management) => measured discharges
Main river (strong effects of water management) => naturalized discharges

1,3007001,5007,23310,782587,000Itaparica

1,3004301,0505,44834,117498,425Sobradinho

5002503964,25019,52850,560Três Marias

Qmin. 
[m3/s]

HPP, yield
[MW]

HPP, inst. 
[MW]

Dead storage
[hm3]

Capacity
[hm3]

Drainage 
Area [km2]Reservoir
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SWIM: Crop rotation including two harvests per year

Jan Apr Jul Oct Jan Apr Jul Oct
Month
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Scenarios with changed 
land-use; e.g. [non-]irrigated 
agriculture

Outlook

Potential for agriculture 
according to IBGE
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Losses (seepage, CWB, withdrawals) from 
reservoirs

Loss: difference between sum of 
inflow and sum of outflow for 
same volume at different times
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Losses (seepage, CWB, withdrawals) from 
reservoirs

???

Sobradinho: 34,117 Hm3

Itaparica: 10,782 Hm3
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Climate scenario (RCP8.5)

40

41
42

43 44

45

46

47

48 49



Modelling of water availability and water management for the São Francisco Basin; Hagen Koch et al.



Modelling of water availability and water management for the São Francisco Basin; Hagen Koch et al.

SIN: Sistema Interligado Nacional (National Transmission Grid)
(Figures from Agência Nacional de Águas)
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Natural conditions?
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SWIM: Simulation of major floods

Questions: how reliable are
• observed discharges?
• naturalized discharges?
• climate input data?
• simulation results (SWIM 
parameter sets)?
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Scenario RCP8.5: mean daily discharge reservoir 
Itaparica

2071-2100, 
Q(mean)

2011-2040, 
Q(mean)


