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Tree Plantation Impacts

Yurtseven et al, 2018



Soil maps

Depth to hydrological basement



Variations in soil data sets

Global Soil Databases 

Local Soil Databases

Name Resolution Soil units

HWSD 806 m 2

ISRIC 4838 m 83

Name Resolution Soil units

FSL 15 m 24 

S-map 15 m 36

HWSD

Local Soil Databases

Global Soil Databases



Input data: SWAT+gwflow

SWAT+ input data

SWAT+gwflow
simulation

gwflow input data

Data Source
Topography University of Otago

Land use Landcare Research

Soil
Landcare Research 

Global websites (FAO, 
ISRIC)

Climate HBRC & NIWA

Data Source
Aquifer thickness GNS Science

Geologic unit GNS Science



Soil in SWAT(+) 

Percolation Transpiration

Saturated hydraulic conductivity (mm/hr) Clay content (%)

AWC: Available Water 
Capacity
FC: Water content at 
field Capacity
WP: Water content at 
wilting point
𝛒𝛒𝐛𝐛: soil bulk density

W: percolation (mm)
SW: soil water content
TT: travel time for 
percolation (hr)
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Gaps/Questions: soil databases

1) Impact of different soil databases on streamflow estimation within a 

catchment, with identical input data except for the soil.

2) Key parameters or parameter groups contributing to prediction 

uncertainty reduction [and by how much?].



Methodology: Discretisation 

Area: 2,400 km2

Average rainfall: 1620 mm

Average slope: 28 degree

Mohaka catchment 

Soil Database # Sub-basin # HRU # Soil units

FAO 19 385 2

HWSD 19 680 24

ISRIC 19 761 83

S-map 19 822 27

HWSD



Methodology: Techniques/tools

I. Performance evaluation (in simulating 
streamflow)

II. Contribution of parameters (groups) to 
prediction uncertainty 

Linear Analysis: 
first-order-second moment (FOSM analysis)



Performance evaluation: SWAT+gwflow

Soil 

Database
NSE PBIAS R2

FAO -0.58 -86.4 0.34

ISRIC -0.54 -92.9 0.31

S-map 0.35 17.6 0.61

FSL 0.45 -6.9 0.67

Daily performance statistics

Soil 

Database
NSE PBIAS R2

FAO -1.26 -86.3 0.71

ISRIC -1.62 -92.8 0.63

S-map 0.46 17.6 0.82

FSL 0.56 -6.8 0.81

Monthly performance statistics



Water balance

Component S-map FSL ISRIC FAO

Catchment inputs
Precipitation 1657 1667 1658 1616

GW boundary inflow 146 169 -400 122

Catchment outputs

Surface ET 473 373 486 514

Surface runoff 137 320 176 456

Lateral soil flow 935 831 689 96

GW discharge to streams 206 0 0 0

Stream seepage to GW -71495 -268000 -9632 -30088

Saturation excess flow 70580 266950 6244 25592

GW ET 0.03 0.11 0.00 0.00

Internal flows

Recharge 2680 3640 31705 9783

Pumping irrigation 0 0 0 0

Surface water irrigation 0 0 0 0

GW transfer to soil 3496 4883 36990 14394

Local soil databases Global soil databases



Linear analysis (FOSM analysis) 
Z: the action of a model on its 
parameters (Jacobian or sensitivity 
matrix)
h: observation of the system states and 
fluxes 
ɛ: observation noise/errors

Jacobian or sensitivity matrix

s: prediction of interest

𝝈𝝈𝒔𝒔𝟐𝟐: prior variance of prediction s

𝝈𝝈𝒔𝒔𝒔𝟐𝟐: posterior variance of prediction s



Linear uncertainty analysis (Low flows)



Linear uncertainty analysis (High flows)



Linear uncertainty analysis (ET)



Conclusion
1) Local soil databases outperformed global soil databases in estimating the 

streamflow at the outlet of the catchment.

2) Contribution to prediction uncertainty reduction: 

Thank you! 

Low flow simulation  groundwater-related parameters (maintaining the baseflow during 

low flow conditions) 

High flow simulation  Soil parameters and CN (critical parameters in  runoff and 

infiltration rates)

Evapotranspiration  Biophysical parameters (vegetation dynamics)



Global sensitivity analysis

Morris Screening (Elementary Effects)

Elementary Effect 

Non-linearity/interaction index

Sensitivity index



Global sensitivity results



Global sensitivity results
1) Groundwater flow/properties/processes (GWFLOW) control 

the streamflow  improving the GW algorithm will be 
beneficial 

2) Model outputs in GLOBAL soil databases showed MUCH 
higher sensitivities to parameter changes (sen_mean)

3) Parameters in global soil databases showed MUCH higher 
non-linearity and/or interactions with each other (sen_std)

Large differences in sensitivity 
indices  higher uncertainty in 
model predictions 
importance of choosing the right 
soil database

Ultimate goal of a model: 
Make a prediction!

Parameter contribution to prediction 
uncertainty???
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