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R Can we better estimate rainfall considering rain gauge uncertainty ? © 6 Dommel Water Board and Eindhoven M T e

&/ Eindhoveh2e*
Proposed solution

oxtel \ Sigbengewald
a2, = (@] 2

o - N W &~ OO O N
o = N W0 &~ OO0 O N

Municipality rain gauges: N LR e T

Eersély

Valkensw aard Y
Ceersel c)Leende 5 PRAB ANT
oW

o . . . . . . - . e, ol T /s
Different uncertainty for different rain gauges can be included as different nugget effects in O 35 Amateur rain gauges: Sl T \x £

trampro@z ; roReermond
O s o !

the covariance function.
- The use of radar rainfall estimates, merged with all the available rain gauge information % "
weighted on their accuracy, is used to achieve the best rainfall estimation.
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O KNMI Radar composites:
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Va riogram A variogram was calculated from the data for each of the 5 considered rainfall Figure 1: study area. The image reports the smaller area of
FAO, NF/’/S, NRCAN, GeoBase, IGN, Kadaster NL, Ordpanbe Survey, Esri Japan,

events, at hourly and daily accumulation. Each variogram has been fitted with the interest, around the Eindhoven municipality, sharing the same
following exponential model: urban drainage system and the broader area where the used rain N\ | Eitys, s oD Compreiy i o

Table 1: sill and range calculated obtained fitting the exponential model to the data
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3d gauges are located
Event 1 Event 2 Event 3 Event 4 Event 5 y(d) =C <1 — exp <_ _>>

Sill  Range | Sill Range | Sill Range | Sill Range | Sill Range r
Hourly | 1.050 39.205| 0.577 100.277| 0.624 22.184| 0.670 151.408 0.145 68.928 Where d is the distance, c is the sill, and r

[ ]
Daily 0.064 51.310| 0.014 37.500| 0.037 23.528 | 0.018 105.785| 0.013 272.497 is the range. Raln ga uge errOrS

Covariance function The observed accuracy of KNMI gauges is less than

The effects of measurement errors results in a 3% (Wauben, 2006), independently on the rainfall
nugget effect in the variogram. Working with rate. Considering operational use, we round it to 5%.

a covariance function C(d) rather than a
0.8- , Covariance variogram y(d) allows the nugget effect to
function : (€01 =€ +&) fitted on our data, the tipping ' ' ‘ ‘ ‘ P
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Variogram C(d) = C — )/(d) bucket error is estimated as a function of the rain Figure 3: relative uncertainty of 2 KNMI rain gauges as function Rainfall Event 2 - Leende - Case 3 Rainfall Event 2 - Leende - Case 4 Rainfall Event 3 - Leende - Case 3 Rainfall Event 3 - Leende - Case 4
( ¢+ ¢ ford =0 rate, using the KNMI gauges as a reference. of rainfall rate (KNMI technical report TR-287, Wauber, 2006)
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Figure 5: Hourly rainfall predictions and variance with and without rain gauge measurement errors at 14:00 on 13" July 2012 = Observation
~ Prediction
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Using the formulation in Ciach, 2003
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Figure 2: Variogram and covariance function compared, with and without nugget \Nhere Co IS the nugget. Crgl = 0+
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Kriging application
Ordinary Kriging (OK): 20 0 10 20 | 30 10 20 30 40

[ C (dll) C (d1 N) 1] Rainfall Rate [mm/h] Rainfall Rate [mm/h] Rainfall Rate [mm/h]
. . . Figure 4: Error models for the tipping bucket rain gauges in the case study, derived fitting the Ciach 2003 model on the observations. The
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C = = covariance Of the distances between all observation points observation is obtained comparing the rain gauge “Eindhoven 2” and the reference “KNMI 370” and for the amateur network comparing

C(le) C(dNN) 1 the rain gauge “Volkel” with the “KNM|I 375" y | | O A
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C (d 5 O) CO n CI u S | O n s Figure 6: comparison between the daily measurement (observation) and the daily kriging product (prediction) with uncertainty bands for a

: — covariance Of the distances between observation points and predictian point winter and a summer event, for the amateur rain gauge named “Leende”, the only one available in the smaller area of interest.
1 | than ordinary kriging, which performs better  distribution of rainfall, the shape of storms and uncertainty band covers the observation with uncertainty band for daily predictions

Universal Kriging with radar as covariate (UK): " than the use of a single rain gauge; their precise location and intensity; NSE coefficient
C(dys) C(dyy) 1 Rad; ’  The elements on the diagonal are the only ones O The consideration of rain gauge uncertainty @ The universal kriging results are not only better - . - This presentation participates in QSPP
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at distance 0, therefore the only ones where further improves the universal kriging results; prediction, but are also more accurate, having a fuert?  Winter — — 0833
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