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Brazil
Federative Republic

8.5 million Km²
190 million inhabitants (year 2012)

26 States
01 Federal District
5,561 Municipalities 

5 Geopolitical Regions
- North
- NE
- SE
- Midwest
- South
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Brazil: Institutional Complexity
Federative Republic:

27 States

5.561 Municipalities

1 Federal Constitution

1 Federal Water Law

27 State Constitutions

27 State Water Laws

5.561 Land use Laws

Municipalities responsible for 
concessions of water supply 
and sanitation services

3



12/
07/
20

4

68

16
7 6 3

45

19
7 11

18
7 6

15

43
29

0

20

40

60

80

100

Norte Centro Oeste Sul  Sudeste Nordeste

(%)

Distribuição dos recursos hídricos, superfície e população 

Recursos hídricos Superfície PopulaçãoWater resour. area population
Water resources             Area              population


Gráfico7

		Norte		Norte		Norte

		Centro Oeste		Centro Oeste		Centro Oeste

		Sul		Sul		Sul

		Sudeste		Sudeste		Sudeste

		Nordeste		Nordeste		Nordeste



Recursos hídricos

Superfície

População

(%)

Distribuição dos recursos hídricos, superfície e população

68

45.3

7

15.7

18.8

6.4

6.5

6.8

15.1

6

10.8

42.6

3.3

18.3

28.9



Plan1

		Distribuição dos recursos hídricos, da superfície e da população														Fonte:SRH/MMA, 2000

		(em % total do Brasil)

		Região		Recursos		Superfície		População

				hídricos

		Norte		68		45		7

		Centro Oeste		16		19		6

		Sul		7		7		15

		Sudeste		6		11		43

		Nordeste		3		18		29

		Total		100		100		100

		Fonte:SRH/MMA, 2000

		Região		Recursos

				hídricos

		Norte		68.5

		Centro Oeste		15.7

		Sul		6.5

		Sudeste		6.0

		Nordeste		3.3
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Distribuição dos recursos hídricos no Brasil
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Pernambuco State (Northeast)
Annual Precipitation (historical series)



OBJECTIVE

The objective of this work is to perform a comparative
analysis among hydrological features in experimental and
representative basins of the semiarid region of Northeast
Brazil, using the SWAT model, as a basis for developing the
SUPer Sysyem.



MATERIAL AND METHODS
Study Areas



MATERIAL AND METHODS
Study Areas
Alto Mundaú River Watershed
Alto Ipanema River Watershed
Pontal River Watershed

Base for developing a 
“System of Hydrological 
Response Units for the 
State of Pernambuco” -

SUPer. 



Study Areas
Alto Mundaú

Pontal River

Alto Ipanema

Source: Silva et al. (2012)



MATERIAL AND METHODS
Annual Precipitation (historical series)



MATERIAL AND METHODS
Elevation, Pernambuco State, Brazil

Source: EMBRAPA (2012)



MATERIAL AND METHODS
Soils,
Pernambuco
State, Brazil



MATERIAL AND METHODS
Land use map,
Pernambuco
State, Brazil



MATERIAL AND METHODS
• Data Base  developing a “System of Hydrological 
Response Units for the State of Pernambuco” - SUPer. 

EUA Data base
Command structure to propagate the sediment
and agrochemicals through the basin. Include
hydrology, sediments, nutrients, temperature,
soil, climate, plant growth, pesticides and
agricultural management (Arnold et al., 1998).

Pernambuco State
(Brazil) Data base 

Adapted version to the
state of Pernambuco.
Free, easy access and
friendly interface.



MATERIAL AND METHODS



MATERIAL AND METHODS
Parameters analyzed and compared
Climate, soil, slope, morphometric parameters (circularity ratio, hypsometric
curve and mean stream length) and land use characteristics from all the
basins.

Swat Model Parameters
Sensitivity Analysis (SWAT-CUP)
Calibration Statistics (NSE, PBIAS, R²)
Calibration period:

BHAI 2002-2004
BHAM 2003-2009
BHRP 2005-2010



RESULTS AND DISCUSSION

Characteristics Alto Ipanema Alto Mundaú Pontal

Area (km²) 195 756 6,032

Biome Caatinga Caatinga Caatinga

Climate Semiarid
Semiarid/ 

Semi-humid
Semiarid

Tm (ºC) 23 24 27

RHm (%) 70 73.2 56.5

Elevation (m) 600-1000 13 – 63 316-730

Agricultural area (%) 26.4 6.35 25.25

Circularity ratio 0.20 0.18 0.12

Hypsometric curve (m) 836.88 38.28 462.54

Main stream length (km) 28.04 63.43 165.68

Table 1. Comparison of some physical and morphometric characteristics of the studied basins



RESULTS AND DISCUSSION

Hydrological process Alto Ipanema Alto Mundaú Pontal

Biome Caatinga Caatinga Caatinga

Area (km²) 195 756 6,032

Precipitation (mm/ year) 738 1,118 532.4

Surface Runoff (mm/ year) 103 171.29 63.89

Lateral flow (mm/ year) 88.56 1.23 60.53

Percolation to shallow aquifer (mm/ year) 76.04 357.94 44.12

Revap from shallow aquifer (mm/ year) 72.44 26.14 27.55

Recharge to deep aquifer (mm/ year) 4 17.9 2.32

Average Curve Number 81.89 76.66 59.54

Evaporation and Transpiration (mm/ year) 546.12 593.6 351.8

Potential Evaporation and Transpiration (mm/ 

year)
1,591 1,309.6 1,377.6

Table 2. Representation of the water balance in the studied basins



RESULTS AND DISCUSSION

Sensitivity Ranking Alto Ipanema Alto Mundaú Pontal

1 ALPHA_BF.gw GWQMN.gw SOL_AWC.sol

2 CN2.mgt ESCO.hru FRGRW2{..}.plant.dat

3 SURLAG.bsn SOL_AWC.sol DLAI{..}.plant.dat

4 GWQMN.gw CN2.mgt ESCO.hru

5 SHALLST.gw RCHRG_DP.gw CN2.mgt

Table 3. Parameters identified as the most important for the flow simulation using the SWAT model in the
four basins studied



RESULTS AND DISCUSSION

Statistical indexes Alto Ipanema Alto Mundaú Pontal

NSE 0.79 0.68 0.72

PBIAS (%) 26.4 0.2 0.79

R² 0.92 0.73 0.73

Table 4. Statistical indexes used to evaluate the performance of the SWAT model in the four basins studied



CONCLUSION
The data obtained in this study will serve as a basis for the
initiation of the System of Units of Hydrological Responses
for the State of Pernambuco - SUPer, promoting in this way,
integrated hydrological modeling, with easy data access, in
different scales, and for different hydrographic basins of all
Pernambuco State.
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