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Wilco Terinka,∗, Hidde Leijnseb, Gé van den Eertweghc, Remko Uijlenhoetd3

aEnvironment Canterbury Regional Council, 200 Tuam Street, PO Box 345, Christchurch, New Zealand.4
bRoyal Netherlands Meteorological Institute (KNMI), Utrechtseweg 297, 3731 GA De Bilt, The Netherlands.5

cKnowH2O, Watertorenweg 12, 6571 CB Berg en Dal, The Netherlands.6
dHydrology and Quantitative Water Management Group, Wageningen University, Droevendaalsesteeg 4, 6708 PB Wageningen, The Netherlands.7

Abstract8

Many studies suggest that high-density rain gauge networksare required to capture the rainfall heterogeneities nec-

essary to accurately describe the components of the hydrological cycle. However, equipping and maintaining a high-

density rain gauge network will also involve high costs. Although many studies provided useful insights on the

required accuracy of rainfall estimates to accurately describe the components of the hydrological cycle, most of these

studies focused on streamflow simulations, large river basins or urban environments. The objective of this study is

therefore to evaluate the impact of uncertainties in areal rainfall, estimated at several spatial resolutions, on hydro-

logical simulations of a small∼6.5 km2 rural lowland catchment. The approach followed in this study is to force a

calibrated spatially-distributed hydrological model (SPHY) with rainfall retrieved from an X-band radar and various

synthetic rainfall products, calculated using bootstrap samples of a varying number of radar pixels, treated as virtual

rain gauge locations within the catchment. This enables us to determine the most appropriate resolution of rainfall

data to accurately describe the hydrology of a small rural lowland catchment. We found that the use of one rain

gauge to estimate the catchment’s areal rainfall may lead toa potential error of more than six times the average hourly

rainfall. This may lead to uncertainties in simulated discharge that approach 60% of the average hourly discharge.

More than 40 rain gauges are required to reduce the potentialerror in areal rainfall estimation to values<0.1 mm h−1.

The associated uncertainty in discharge simulations is 20%if 10 rain gauges are used, and 10% if 40 rain gauges are

used. The simulation of soil moisture contents and evapotranspiration rates are hardly affected by the number of rain

gauges used to estimate the areal rainfall, which is due to the high saturated hydraulic conductivities of the top-soil.At

least 12 gauges per km2 are required to capture the spatial rainfall variation thatis present in radar rainfall estimates.

Analysis of an individual 18-hour rainfall event revealed that the uncertainty in peak areal rainfall estimated using

one rain gauge may range between -100% and 600%. The associated uncertainty in simulated discharge for this event

ranges between -67 and 233%. With 25 rain gauges the uncertainty in simulated discharge is still in the range of -17

to 33%.

Keywords: X-band radar, SPHY, spatial resolutions, hydrological simulations, uncertainty, Hupsel Brook catchment9

Preprint submitted to Journal of Hydrology May 21, 2018



Download English Version:

https://daneshyari.com/en/article/8894570

Download Persian Version:

https://daneshyari.com/article/8894570

Daneshyari.com

https://daneshyari.com/en/article/8894570
https://daneshyari.com/article/8894570
https://daneshyari.com

