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Hydrological Modelling - Input Data Challenges

Input data
» Landscape data
— Topography (DEM)
— Soil type
— Soil cover (natural vegetation vs. land use)
— (River network)

» Weather data

— Temperature

— Precipitation

— (Solar radiation)

— (Relative humidity)
— (Wind speed)
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Alternatives to observed weather data

Name Spatial res. Temporal res. Period Reference

CRU 0.5° Monthly 1901-2012  Jones et al. (1999)
MERRA ~0.5° Hourly 1979—present Rienecker et al. (2011)
CFSR ~0.312° Daily 1979-2010  Saha et al. (2010)
ERA-Interim 0.75° Daily 1979—present Dee et al. (2011)
WEFDEI 0.5° 3-hourly 1979-2012  Weedon et al. (2014)
CFSR

» First climate reanalysis that includes over the oceans

» More accurate representation of observed mean precipitation in
tropical regions (Wang et al., 2012)

WFDEI

» WATCH Forcing Data (WFD) methodology applied to ERA-Interim
(WFDEI)

» Highest temporal resolution



CFSR, WFDEI, INMET and ANA in Brazil

Availability and geographical

distribution
» INMET observed data
— 53* stations: 1980-2010
— (15 in the Tocantins
Catchment)
» ANA observed data
(precipitation)
— 1974* stations: 1980-2010
— (105 in the Tocantins
Catchment)
» CFSR
— 7,223 grid cells
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— (651 in the Tocantins
Catchment)

» WFDEI
— 2,822 grid cells

— (255 in the Tocantins
Catchment)
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* Series with <90% completeness



CFSR and WFDEI vs. Observations

Methods

vy

vy

v

Analysis restricted to precipitation
Goodness of fit statistics

Each observation gauge was compared to the nearest CFSR and WFDEI
grid cell

R2: Coefficient of determination

bR?: Slope x Coeff. of determination (Krause et al., 2005)

NS: Nash-Sutcliffe Efficiency (Nash and Sutcliffe, 1970)

Pbias: Percentage of bias

Geographical trends
Comparison of Goodness of fit statistics

Boxplot
Paired T-test

Improve further best data set

___Reanalysis Reanalysis __ ;
CF = Observation = = Interpolation

Observation = monthly cumulative precipitation
Observation = monthly averages



CFSR and WFDEI vs. Observations

Results

» More general spatial variability in the performance of CFSR

» Worst CFSR performance along the coast and in the South (R? and
bR?)



CFSR and WFDEI vs. Observations

Results
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» Monthly series had the best performance overall



CFSR and WFDEI vs. Observations

Results
R? 100 bR? Pbias NS
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Dally ~ Monthly  Annual Daily  Monthly Annual Daly  Monthly Annual Dally  Monthly  Annual
Statistics X CFSR X WFDEI t df p
R2 0.50 0.76 -96.8 2026 p < 0.001
bR? 0.39 068 —915 2026 p < 0.001
Pbias 3.4 6.9 —0.031 2026 p=0.975
NS 0.21 0.72 —46.8 2026 p < 0.001

» Monthly series had the best performance overall

» Except for Pbias, all statistics indicated better performance by
WEFDEI



Interpolating WFDEI

Results
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Statistics % CFSR X WFDEI t df p

CFSR vs. R? 0.58 0.74 —-19.6 119 p < 0.001
WFDEI bR? 0.50 0.67 —-146 119 p < 0.001
(Tocantins)  Pbias 16.3 4.6 57 119 p < 0.001
NS 0.37 0.71 —125 119 p < 0.001

Statistics X WFDEI X WFDEI i. t df p

WEFDEI vs. R? 0.74 0.89 —153 119 p < 0.001
WEFDEI i. bR? 0.67 0.88 —15.0 119 p < 0.001
(Tocantins)  Pbias 4.6 40 —0.013 119 p =0.990
NS 0.71 0.89 —-10.4 116 p < 0.001




Interpolating WFDEI

Results

Lowest R?=0.36 (ANA 1552001)
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Tocantins Catchment SWAT Model

Model set up

Tocantins Catchment
> 803,250 km?
» ~51% Savannah,
~16% Tropical forest

» Land conversion rate
increasing from South
towards North

» 10 river gauges
3 dams 15

» SUFI2 with
300 simulations
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Tocantins Catchment SWAT Model

Uncalibrated Model Performance

CFSR WEFDEI WEFDEI interpolated
Gauge Period R? bR? NS Pbias R? bR?> NS Pbias R? bR? NS Pbias
Q2 (16%)  Calib. 0.81 0.65 0.36 11.4 0.87 058 -0.01 44.4 0.88 0.45 -1.67 104.0
Valid. 0.67 0.33 -3.48 110.8 0.83 054 -0.20 51.7 0.85 040 -2.75 1221
Q-8 (4%) Calib. 0.73 0.46 -0.78 495 092 0.78 0.78 11.1 0.90 0.62 0.37 49.2
Valid. 071 0.36 -2.88 81.1 0.80 0.61 0.24 21.1 0.82 053 -0.14 545
Q.16 (7%)  Calib. 0.69 0.68 0.42 -13.3 0.70 0.52 -0.06 32.7 0.79 0.43 -1.39 97.2
Valid. 0.62 0.50 -0.02 28.8 055 0.48 0.01 234 0.66 038 -1.33 956
Q25 (17%) Calib. 0.61 052 0.34 -23.4 059 0.48 -0.12 248 0.69 0.42 -0.95 745
Valid. 0.61 048 -022 254 056 044 -048 295 0.66 035 -257 99.4
Q41 (5%)  Calib. 0.74 0.74 -0.11 -19.8 0.89 0.75 0.16 -2.8 0.89 0.47 -3.02 67.9
Valid. 0.81 0.60 -0.87 16.2 0.79 0.73 0.07 -6.7 0.89 0.45 -423 73.1
Q.54 (12%) Calib. 0.88 073 0.73 228 0.87 049 -0.60 83.0 0.84 038 -2.78 1351
Valid. 0.47 0.15 -19.61 226.1 0.84 0.38 -4.20 107.5 0.76 0.26 -13.08 198.8
Q57 (20%)  Calib. 0.60 0.49 0.02 -34.9 0.75 0.49 -0.89 405 0.73 0.34 -4.40 110.6
Valid. 0.71 055 -0.31 17.9 0.75 0.43 -2.31 549 073 0.30 -8.23 130.4
Q.76 (8%)  Calib. 0.34 0.20 0.18 -30.9 0.52 0.41 -0.22 54.8 057 0.36 -1.06 89.5
Valid. 071 0.45 -0.60 60.6 0.34 0.29 -0.74 444 043 033 -0.75 558
Q80 (5%)  Calib. 039 0.17 -0.71 -65.4 0.84 0.60 -0.46 16.9 0.68 0.35 -4.08 84.7
Valid. 0.85 0.66 022 -37.9 0.94 063 -1.23 229 070 033 -7.92 0931
Q81 (5%)  Calib. 0.80 0.50 -0.56 53.3 0.79 0.54 -0.07 42.0 0.65 0.33 -2.81 108.0
Valid. 031 024 -213 393 0.30 0.29 -0.63 2.9 0.24 024 -0.93 135
Weigh. Aver. Calib. 0.66 053 0.15 -9.4 075 053 -0.28 393 0.75 040 -2.31 96.6
Valid. 0.64 042 -33 637 0.68 046 -122 442 0.69 0.34 -491 108.7
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Tocantins Catchment SWAT Model

Uncalibrated Model Performance

CFSR WEFDEI WEFDEI interpolated
Gauge Period R? bR? NS Pbias R? bR?> NS Pbias R? bR? NS  Pbias
Q2 (16%)  Calib. 0.81 0.65 0.36 11.4 0.87 0.58 -0.01 44.4 0.88 0.45 -1.67 104.0
Valid. 0.67 0.33 -3.48 110.8 0.83 054 -0.20 51.7 0.85 040 -2.75 1221
Q-8 (4%) Calib. 0.73 046 -0.78 495 092 0.78 0.78 11.1 0.90 0.62 0.37 49.2
Valid. 0.71 0.36 -2.88 81.1 0.80 061 024 211 0.82 053 -0.14 545
Q.16 (7%)  Calib. 0.69 0.68 042 -13.3 0.70 0.52 -0.06 32.7 0.79 0.43 -139 97.2
Valid. 0.62 050 -0.02 28.8 055 048 0.01 234 0.66 038 -1.33 956
Q25 (17%) Calib. 0.61 052 0.34 -23.4 059 0.48 -0.12 24.8 0.69 0.42 -0.95 745
Valid. 0.61 048 -022 254 056 044 -048 295 0.66 035 -257 99.4
Q41 (5%)  Calib. 0.74 0.74 -0.11 -19.8 0.89 0.75 0.16 -2.8 0.89 0.47 -3.02 67.9
Valid. 0.81 0.60 -0.87 16.2 0.79 0.73 0.07 -6.7 0.89 0.45 -423 73.1
Q.54 (12%) Calib. 0.88 073 0.73 228 0.87 049 -0.60 83.0 0.84 038 -278 1351
Valid. 0.47 0.15 -19.61 226.1 0.84 0.38 -4.20 107.5 0.76 0.26 -13.08 198.8
Q57 (20%)  Calib. 0.60 0.49 0.02 -349 0.75 0.49 -0.89 405 0.73 0.34 -4.40 110.6
Valid. 0.71 055 -0.31 17.9 0.75 043 -2.31 549 073 030 -8.23 130.4
Q.76 (8%)  Calib. 0.34 0.20 0.18 -30.9 0.52 0.41 -0.22 54.8 0.57 0.36 -1.06 89.5
Valid. 0.71 0.45 -0.60 60.6 0.34 0.29 -0.74 444 043 033 -0.75 558
Q80 (5%)  Calib. 039 0.17 -0.71 -65.4 0.84 0.60 -0.46 16.9 0.68 0.35 -4.08 84.7
Valid. 0.85 0.66 022 -37.9 0.94 063 -1.23 229 070 033 -7.92 93.1
Q81 (5%) Calib. 0.80 0.50 -0.56 53.3 0.79 0.54 -0.07 42.0 0.65 0.33 -2.81 108.0
Valid. 031 0.24 -213 39.3 0.30 0.29 -0.63 2.9 0.24 024 -0.93 135
Weigh. Aver. Calib. 0.66 0.53 0.15 -9.4 075 0.53 -0.28 39.3 0.75 0.40 -231 96.6
Valid. 0.64 042 -33 637 0.68 046 -122 442 0.69 0.34 -491 1087
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Tocantins Catchment SWAT Model

Model Calibration and Validation

SUFI2 Calibration

Gauge Period p-factor r-factor R2? NS bR? Pbias
Q-2 (16%) Calib. 0.35 0.35 0.94 094 091 -35
Valid. 0.31 0.43 093 092 091 -09
Q-8 (4%) Calib. 0.60 0.78 0.88 0.79 0.86 -9.7
Valid. 0.72 0.90 0.76 0.61 0.68 -22.0
Q-16 (7%) Calib. 0.36 0.29 092 0.92 091 -21
Valid. 0.29 0.27 0.88 0.87 0.77 -9.6
Q-25 (17%) Calib. 0.57 0.46 0.86 0.82 0.70 -16.9
Valid. 0.53 0.59 0.83 0.81 0.79 -49
Q-41 (5%) Calib. 0.71 2.03 0.85 0.33 0.69 104
Valid. 0.67 2.18 0.87 0.31 0.73 7.3
Q-54 (12%) Calib. 0.32 0.62 0.84 0.83 0.77 -14
Valid. 0.29 1.23 0.74 0.43 0.63 16.0
Q-57 (12%) Calib. 0.63 1.14 0.70 0.64 059 -15.2
Valid. 0.58 1.33 0.64 032 064 -47
Q76 (12%) Calib. 0.80 1.18 0.60 0.24 052 38.4
Valid. 0.58 1.12 0.41 0.19 0.38 115
Q-80 (12%) Calib. 0.54 1.66 0.58 0.30 0.50 -16.5
Valid. 0.47 1.94 0.51 -0.44 0.44 -25.2
Q-81 (5%) Calib. 0.63 148 053 0.38 0.48 -1.6
Valid. 0.52 1.13 0.21 -0.51 0.10 -49.4
Weighed Aver. Calib. 0.52 0.84 0.78 0.70 0.68 -45
Valid. 0.47 0.99 0.71 0.66 0.47 -4.0
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Conclusions

» WFDEI and CFSR represent precipitation in Brazilian territory
reasonably well

» WFDEI was significantly more accurate than CFSR
» Interpolation using observation data improved WFDEI further

» Weather reanalysis instead of scarce weather data is a valid option
for SWAT and allowed for a successful calibration of the Tocantins
Catchment
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