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Problem/research questions

*High rainfall spatial variability in Pacific Islands

Mean annual rainfall ranges 200 to 10,000 mm over the

Hawaiian Islands (Giambelluca et al, 2013)
*Decrease in number of rain gauging stations

«Can we use rainfall data from neighboring watersheds for
ungauged watersheds in spatially heterogeneous rainfall

patterns?

How do rainfall data scarcity affect watershed model

performance compared to relatively well gauged watersheds?



Study area (Oahu island)

Heeia
watershed

Nuuanu area watersheds

«Small scale watersheds with unique hydrological features,
soil types, topography, & highly variable climate conditions.



Study area (American Samoa)

*Small scale watersheds with unique hydrological features,
soil types, topography, & highly variable climate conditions.



Objectives

*To develop watershed model for:
» Heeia watershed: environmental twist
» Nuuanu watershed: water conservation twist
» Fagaalu watershed: environmental twist

» To assess the effect of rainfall input on watershed model

performance in spatially heterogeneous watersheds



Approach
Utilize the model Soil and Water Assessment Tool (SWAT)
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SWAT modeling approach
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Hydro-meteorological (Oahu watersheds)

€  Meteorological data

— Rainfall contour [mm]

* Missing values: filled based on contour maps, nearby
stations, correlation and interpolation techniques for
ungauged sites



Hydro-meteorological (Fagaalu)
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* Missing values: filled based on contour maps, nearby

stations, correlation and interpolation techniques for
ungauged sites



Data and SWAT development Heeia watershed
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Data and SWAT development for Nuuanu area

& N
[_IStudy area LandB:?: Land A
¢ USGS flow stations ¢ Il Cultivated Land

@ Meteorological stati )
ereorological stations ) Estuarine Emergent Wetland

Et&ﬁ::qusres:rvoir 44 -Estuar?ne Forested Wetland
Elevation [in : I Estuarine Scrub Shrub Wetland
gh : 959 J [ Evergreen
Il Grassland
Low: 0 B impervious Surface
. =Open Space Developed
. 16238000 40 Open Water
Soil tgg:ches @ Palustrine Emergent Wetland
BCinder land -Palustr!ne Forested Wetland
Ciay (a) (b) I Palustrine Scrub Shrub Wetland
Clay loam Scrub Shrub
S Mucky peat Unconsolidated Shore
B Quarry
["Rock land

Rock outcrop

IESilty clay W
I Silty clay Ioan‘ [—_IModeled boundary
BN Silty loam [ ISubbasins

Stony clay Streams

——Nuuanu reservoir #4
¢ USGS flow stations

[Stony clay loam
IIStony silty clay
N Water
Ifill land




Data and SWAT development for Fagaalu
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Data and SWAT development for Maloata
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Sensitive parameters for Oahu
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Sensitive parameters for American Samoa
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Calibrated SWAT parameter values

Heeia watershed upstream of 16275000 station
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*Good solutions (NSE = 0.2, Heeia, =0.5, Kalihi) parameter values



Observed streamflow well represented with rain records
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Use of rainfall data within watershed improves
SWAT model performance
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*Rain records: P-factor = 0.83 to 0.93; r-factor = 0.72 to 0.84
*\Without rain records: p-factor = 0.41 to 0.76; r-factor = 0.89

to 1.18



Temporal variability of observed streamflow sufficiently

captured for watershed W|th rai

infall data
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*Peak flows missed for Maloata watershed, low NSE



95% prediction uncertainty did not sufficiently
bracket observations for ungauged watersheds
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P-factor, is 0.87 for Fagaalu, but only 0.38 for Maloata watershed

*Most of the observations brackets when rainfall data within
watershed is used, but results reasonably acceptable



Multiple rain-gauges improve model performance
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The Nuuanu area annual water budget
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The Fagaalu annual water budget
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Conclusions

SWAT applicability tested for rain gauged and ungauged

watersheds;

*Use of rain records within watershed improved model

performance by capturing local climate spatial variability;

*SWAT performed less for watersheds without rain records,

but results were reasonably acceptable;

With methods to resolve data scarcity issues and
careful statistical evaluation criteria, data from
neighboring areas can be used for watersheds without rain

records.
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