Uncertainty assessment of early flood warning driven by the TIGGE ensemble weather predictions
- A case study for the July-September 2008 floods in the Upper Huai catchment
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31 e e 51 TR o e B0 The former concept is suitable for humid and semi-humid regions. Detailed information on its structure and
ECMWF _ SKil022(0.37) UKMO Skil031(04)  CPTEC Skil-0.17 (0.45) [ 20 applications can be obtained from Zhao (1984, 1992) and Zhao and Liu (1995). The Xinanjiang hydrological model

forecasts occasionally show discrepancies both in time and space. Forecasting quality could potentially be improved
by using temporal and spatial corrections of the forecasted precipitation.
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We present a case study using the TIGGE database for flood warning in the Upper Huai catchment (ca. 30,672 o ‘ | ‘ Event I - 34_BOM Bt Lt ML A L b L DISCharge simulation
km?). TIGGE ensemble forecasts from 6 meteorological centres with 10-day lead time were extracted and 0 L - oo The Xinanjiang model was conceptualized and established 1n the 1970’s by Hohai University. It is a general
disaggregated to drive the Xinanjiang model to forecast discharges for flood events in July-September 2008. The . = - : 32 32; 32 50 purpose model for rainfall-runott simulation, ﬂOQd forecasting and water resources planging and manage.:ment. Two
results demonstrated satisfactory flood forecasting skills with clear signals of floods up to 10 days in advance. The = z::: Even :: : EEaeeel | 1 40 basic concepts of the model are (1) runoff formation on repletion of storage; and (2) tension water capacity curve.
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g was set up at the sub-catchment scale.
Introduction N ) 3 Figure 4 shows the area mean P, issued at 00:00 on 10/08/2008 and resulting O-at WJB using ECMWF for
. . . . 32 Event II. All ECMWEF forecast members i1ssued on 13/08/2008 displayed the best agreement for the rainfall event
Single deterministic weather forecasts from numerical weather prediction (NWP) systems do not take D e e . . .
. — . . . : : O o R R o oo D R o oo o . » Tt occurred on 14/08/2008. Similarly, the amount and timing of the rainfall event took place on 16/08/2008 were best
uncertainties and systematic biases into consideration and hence often fail to replicate weather events correctly. =tpb 2P b o o s s af 13 114 115 114 115 115 116 . . . .
. : _ , S forecasted with 1-day lead time, 1.€. 15/08/2008. For lead times longer than one day, the 51 ECMWF forecast
Ensemble Prediction Systems (EPS) have evolved over the last decade to simulate the effect on weather forecasts of Figure 2. Figure 3. Composite precipitation map of the 5% members demonstrated a fairly consistent sienal representing an intensive rainfall event but one could not tell the
observation uncertainties, model uncertainties, imperfect boundary conditions and data assimilation assumptions Observed six hourly precipitation and discharge at WJB CERBRLTULGL G BT TR S AR AL . Y S P S .
. : ) . .. (15/07/2008-13/09/2008), three flood events are labelled as Event ~ The maps show large spatial differences amongest exact date and time 1t was to occur as the spread of forecast members was rather large. For example, forecasts 1ssued
(Park et al., 2007). An EPS is interpreted by Buizza (2008) as a system based on a finite number of deterministic L 1T and TIT centres .o L .
. : . : : s : ) , IT and III. on 14/08/2008 indicated a large precipitation event would possibly occur from 15/08/2008 to 17/08/2008. Less than
integrations and regarded as the only feasible method in meteorology to predict probability a density function beyond o . . .
the ranee of linear error erowth. EPS can notentiallv benefit hvdrologists and wat (Thielen et al., 2008) 40% of the forecast members predicted 1t was to occur on 16/08/2008. The situation improved on 15/08/2008 when
Tans at CIror STOWLL cafl pOTCHHatly DENCHL AYEIOTOSISES anth Warct Managets LI Ieiet et ak., ’ The J llly-Septembel‘ 2008 flood events most forecast members clustered closer to each other than on s
which has been demonstrated by Hydrologic Ensemble Prediction Experiment (HEPEX). . . . . o .
. . L . The majority of the weather centres delivered global EPS data to TIGGE from October the previous day of 1ssue (over 70% members agreeing on wonol
EPS forecasts from a single weather centre only account for part of the uncertainties originating from initial . . .
. . . . .. . . 2007 onwards and so four flood events that took place in April and July-September 2008 can be 16/08/2008), of which four members showed less than 5 mm
conditions and stochastic physics (Roulin, 2006). Other sources of uncertainties, including numerical : ; ) . & 3000
. . .. . . possibly used for the case study. Three summer events were selected (see Figure 2). The flood difference from the actual peak rainfall amount on the day. T
implementations and/or data assimilation, can only be assessed if a grand ensemble (GE) of EPS from different . . . 3,
) ) . warning level at WJIB 1s 27.5 m.a.s.l. and corresponds to discharges of 3110, 3000, and 2730 m3/s The progress of agreement amongst forecast members evolved
weather centres are combined (Goswami et al., 2007). This ensemble of weather forecasts can be coupled to ) : ﬁ
L. ) e : for the three events respectively. The warning level was reached at 18:00 on 24/07/2008 for Event from longer to shorter lead times demonstrates the EPS toco
catchment hydrology and provide improved early flood warning as some of the uncertainties can be quantified (Cloke ] . : ) . :
s : : I and exceeded in the subsequent days. Event II was the highest in 2008 and reached the peak level forecasts become more predictable as it 1s getting closer to oL
and Pappenberger, 2008). The availability of twelve global EPSs through the "THORPEX Interactive Grand Global : : : o
: . . . 0f 4390 m3/s at 12:00 on 18/08/2008. Event III neared the warning level at 06:00 on 01/09/2008 the actual event. In comparison to the observed discharge, ool
Ensemble’ (TIGGE) (Shapiro and Thorpe, 2004; Park et al., 2007) offers a new opportunity for the design of a : e ) : ) . Prorecasted
e . but did not overtop it in the following days. Event III will be used as a benchmark to evaluate the ensemble of O, was underestimated by approximately g 5 ——Posseres
probabilistic flood forecasting framework. A prototype of such a framework was successfully demonstrated by : : : L : ] .. o ) £ |
. . . mainly against false alarms. The time used 1n this paper i1s the UTC time. The date is in the format 20-50% for all forecast members varying from day to day. g4
Pappenberger ef al. (2008) using 7 weather centres in the European Flood Alert System (EFAS) to hindcast the : : £ 50l
: .. : . of day/month/year. In general, Q95 1s very comparable with the
October 2007 flood event in the Danube basin in Romania. A study carried out for a meso-scale catchment (4062 g . & 20 | Wangiiaba (WJB)
2 . . . . . . Qqimraineause ANA Q50 1s just across or above the warning level. | Y | ecwme
km~) in the Midlands region of England set up a coupled atmospheric-hydrologic-hydraulic cascade system driven by P thitats o ¢ luati e Ny - ; YAVANE
TIGGE ensemble forecasts to produce a probabilistic discharge and flood inundation forecast (He et al., 2009). Both recipitation mput €valuation Figure 4. Area mean Py issued at 00:00 on 10/08/2008 and resulting O, at WIB - 57 0™ AR R

The precipitation forecasts Pf were retrieved from six weather centres in the TIGGE using ECMWF for Event 11. The horizontal dashed line is the warning level.

studies showed the TIGGE database is a RIS tool for producmg eaﬂy flood UGN within a pI‘ObabﬂlStIC : : : : Lines marked with diamonds, squares and stars represent the Sth, S0th and 95th percentile of the forecasted discharges respectively.
archive, namely the Australian Bureau of Meteorology (BOM), China Meteorological

framework. The need to test TIGGE ensemble forecasts with other flood events in catchments with different

A . . _ The lines marked with circles and the solid lines represent the observed and the forecasted values respectively.
Administration (CMA), the Canadian Meteorological Centre (CMC), the European Centre for

hydrological and climatic regimes before giving TIGGE the benefit of the doubt is stressed in He et al. (2009) and
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Cloke and Pappenberger (2009). To this end, a case study was carried out using six TIGGE forecast centres in the Med¥um Range Weather Forecas.ts (E_CMWF)a the UK Met. Office (UKMO), and Centro de orecast perio ance evalugtlon . . _
Huai River catchment in China coupled with the Xinanjiang hydrological model. Previsao de .Tempo e Estudos Cl1matlcqs (CPTEC) of Brazﬂ..The forecasts fI'.OH.l the J apanese | The ensemble of O, was .evaluate.d using a contingency table, wher§ observations were F:ompared with
Meteorological Agency (JMA) and National Centres for Environmental Prediction (NCEP) in the simulations. Possible outcomes in a contingency table (von Storch and Zwiers 1999) are: (1) hit (H), the observed
The Huai River Catchment United States were excluded from this study due to an error that occurred during data extraction. flood 1s correctly forecasted, (2) miss (M), the observed flood is not forecasted, (3) false alarm (FA), a flood event 1s
u . _V For the selected six centres, each provides one ‘central’ unperturbed analysis and a number of wrongly forecasted and (4) correct negative (CN), a non-event. The contingency table shows the forecasts ability to
The Huai River has a length of 1,078 km forecasts with perturbed initial conditions. All forecast members were assigned equal weights predict the individual events. Event I is well predicted by all centres with a lead time of 10 days (see Figure 5a).
and a drainage area of ca. 174,000 km* (see Figure 1) (recommended by Park et al., 2007). The consequent inference is based on the principle of equal Event II is the largest, but it is not predicted by all centres (Figure 5b). This is due to a misrepresentation of the spatial
and located mid-way between the Yellow and Yangtze probability of selection which happens to have EPS as an acronym as well. The original medium- precipitation pattern. However, making use of multi centres from the TIGGE archive can assist the forecaster make a
Rivers. Its mean annual precipitation and runoff depth range forecasts are in ca. 25%25km resolution (see the forecast grids shown in Figure 1). They better decision, since one does not have to rely on a single centre. Event III was a non event and no centres issued
1S approxnnat?ly 888 and 240 mm respectively. The i were interpolated to areal averages to be used along with observed temperature as inputs for the false alarm above 10% of all forecast members (figure not shown on this poster).
runoff coetticient ranges from 0.1 (northeast) to 0.6 Xinanjiang model. Buizza (2008) pointed out that consistency between forecasts issued on X
(sou'thwest).The dynamics of precipitation including VLR A | consecutive days is a desirable property of a forecasting system, therefore we examined the feature Conclusion and outlook
spatial and temporal distribution IS vety uTegular ol MO T T X by visually comparing P, of the largest rainfall event in 2008 over the Upper Huai for 10 days. A coupled atmospheric-hydrologic cascade system driven by the TIGGE ensemble forecasts is set up to study
and changes from year to year. This is attributed to . VAR N 7 | Ejpz S Figure 3 shows the 95 percentile of P 1ssued at 00:00 on 30/08/2008. No centres displayed the potential benefits of using the TIGGE database in early flood warning. The results demonstrate the TIGGE
= = 2L —————qaaey = 115° 7> N - 119° : . . . . . . . o . . . . . . . . .
the catchment location in the transitional drea between R consistent P,in terms of magnitude and spatial distribution. With regards to inter-centre archive is a promising tool for (1) producing forecasts of discharge comparable with the observed discharge and (2)
the southern monsoon and the northern continental . . - o . comparison, both the magnitudes and the spatial distributions are notably different. issuing a fairly reliable warning as early as 10 days in advance.
climate (Huai River Commission 1999) Figure 1. The location of the Huai River catchment in China (top right), . : .
. . ' . the Upper Huai catchment (left), Mengwa flood retention zone (middle right) [t 1s necessary to carry out a spatial as well as a temporal correction to the ensemble forecasts to resolve
F ted d . . . . . . 0 o o 5
| .The qatchment is a very important economic o | : . 1700 15 3u 1800 20l 21l 22,5 23 3 2030 250 260 27 9 25 1 29l 30 319l 1 Aus g 10 A 1 Aug 2 g 15 A 14 A 15 g 16 A1 At 6 g 19 A 20 A 21 Ay 22 Aug2 g 24 A2 Aug25 g 2T A | discrepancies in the spatial distribution and timing. The effect on the hydrology can be an offset of the peak in term of
region in China (Zhao, 1996)- Its average populatlon.densny 1s ca. 600 1nh/ km (PCFCG 2001), more than four times |  =w o <= | timing and magnitude that led to the partial failure in early warning of Event II. The study area has a large number of
the national average of 138 inh/km2. The catchment 1s Vl.llnerable to flooding. Major catchmenttw1de floods have ~w. | Teservoirs for flood regulation, which presents both challenges and opportunities for using the TIGGE ensemble
beep recorded once every 5 years on the average .and regional floods once every 2 or 3 years (Ningyuan, 1999). The =! 1w | forecast. Reservoir water release plan can be potentially improved by having a reliable early forecast of precipitation.
- 15 Aug <= 85% . . . c .
period between 1 May and 3.1 September 1s.ofﬁc%ally regarded as the Huai Rlver flood season, although large spring | & g == | Future study needs to take into account of different reservoir operation rules and assess the benefit of using EPS.
floods have occurred in April a number of times in the past years. Snowfall is rare and thus large floods are mainly £ 21 S il Techniques to cope with multi-model forecasts need to be developed. Although it isn’t the focus of this paper,
driven by heavy ralnfal.l. | | | | " o © # - [ | it is worth noting the principle of equal probability of selection (EPS) ought to be applied to ensemble prediction
| The catchment MO POLE VRS gl DI IOITE alir) i the southwest with the highest peak at 21 53 m.a.s.l. Heavy | .. = == == |systems (EPS) from different models with great caution as they have different error structures and cannot be easily
rallln usu}illly faﬂs in the soqthwest alnd 1? r.aplcgy cc?lllec.ted and cgm}eld fronll1 upstreelllm C‘;hrf)ugh Wang Jia Ba (W.‘.IB) — L | combined (Cloke and Pappenberger, 2009).
where the catchment transitions to low lying flood plains towards the northeast. The drainage arzea up to WIB 1s . = - Difficulties in communicating forecasts within a probabilistic framework could be more challenging than
regarded as the Upper Huai catchment. It has a slope of 0.49%o0 and an area of about 30,672 km~. The first key flood obtaining a well constructed probabilistic flood forecast. This has been clearly pointed out by Thielen et al. (2008)
1 1 1 1 1 1 Figure 5. The hit table of the first two flood events. The eight horisontal bars from top to bottom represent the 6 centres
control ggte of the catchment 1s l.ocated a.t WIB. BjChlIld this ga.te.ls the Mengwa ﬂood rete.ntlon zone (181km2 with (B% VL GO, CVA BCMWE UKMO. CPTEC), the ent egmble risontal bars from | tﬁe > bottom OFECMWF/UKMO and Cloke and Pappenberger (2009) as a key challenge of an ensemble forecast system. The study was conducted
9 9 9 9 9 9 ° o . o o . D
40 j:levaglon of 2d0_2'6 n;a..s.l.) “_’ltg a design capacity of 750 million m3 and a design maximum discharge of 1626 together with the stakeholder, the Hydrological Bureau of Anhui Province, to allow an early involvement and efficient
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