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Evaluation of a conceptual distributed rainfall-runoff model in the
Bess catchment in Catalunya using radar information
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Abstract. A weather radar network is covering Catalunya,a A weather radar network is covering Catalunya
region affected by Mediterranean climatological features and32 000 kn?): nowadays 2 radar systems are operative,
thus by severe flood events. The Be$1000 k) is one of  and 2 more will be installed during the next two years.
the most important catchments of this country from a socio-Additionally, a network of telemetered raingauges and stage
economic point of view. Inside a general framework to de-sensors are also in operation in the frame of the SAIH
velop an integrated system for hydrometeorological forecastSpanish national program. Inside a general framework
ing, the basics of the conceptual distributed rainfall-runoffto develop an integrated system for hydrometeorological
model TOPDIST are shown. This hydrological model is able forecasting mainly based in this radar network, this paper is
to use radar rainfall estimates and it seeks to work in reafocused on the evaluation of a rainfall-runoff model working
time operation, using a rainfall short term forecasting basedn real-time, in particular its sensitivity to the rainfall field
on radar advection methods. Nowadays, it is integrated irforecasts used.

the Be®s Riverside Park Flood Warning System (SAHBE).

In this work some events are analysed from the point of view

of real time operation, and also from the rainfall field input, 2 The SAHBE warning system in the Be8s catchment

in particular the rainfall forecasts.

The Be®s catchment (1024 ki crosses the Barcelona
metropolitan region, and it is a typical example of a Mediter-
ranean complex catchment. It is quite heterogeneous, from
forested mountains over 1000 m to rural planes that have

Floods are the most important natural hazard in the Mediter—been suffering a continuous urbanisation process during last

ranean area, and warning systems providing forecasts i'gggggresstsléflzl?sull;mairgigengxzdi?xeﬁ)éz\%fézltt)elfhrgeste;end.
many sensitive risky points are needed. Nevertheless, somgh Weather Se?\./ice, (INM) radar of Puig de les A lees (th:e
particularities of this area (meteorology, morphology, urban- g 9

isation degree) make the anticipation of floods difficult. Par- gz)émgun:hzlsr:zncg;?;gi r\?\?eaartr?:atre ISSe(rSQ(I:((;n)’S(’Ii/Ing arlzg;rog;
ticularly, high variability of rainfall exists both in time and *°7 B € (";’u -atalan Weather Service 9(0 km)) adar of
space, and river basins have in general small response times 9 qu 9 W ) !

Therefore, hydrometeorological models taking into accounteer last years one of the most degraded rivers in Europe,

the rainfall variability should play an important role in flood the Bess is now inside a recuperation program. The_ urban
. : : . . sector crossing Barcelona to the outlet is now suffering the
warning systems in Mediterranean basins. In this sense, radar

information is a key element in flood forecasting. A num- restructuring of the delta zone in a modern urban area and

ber of works have shown that this is an essential informa-IN€ construction of a riverside park. These uses have moti-

tion to provide accurate flow estimates using a rainfall-runoff v:rtneﬂ tgfaf[j:&/?o%ml_zgtsci t(?ﬁess'g\,'_\'/err’nZr:g)o:mvgrtnégﬂqséi
model, even when a dense raingauge network exists. FurtheF— P y 9 pany

. ST . : : of Barcelona city). In the SAHBE Control Centre, super-
more, radar information is interesting to estimate the ramfallviSOrS have access to TV cameras. radar images. rainaauge
short term forecasting needed to produce reliable flow esti- ; " ges, raingaug
mates information, permanent contact with weather services, and
) finally the runoff estimates provided by different hydrologi-

Correspondence taC. Corral (corral@grahi.upc.es) cal models. With all this information, but having more confi-
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this methodology (mainly in setting the initial humidity con-
ditions), a global parametelr'S) to be fixed has been in-
troduced into the model, in order to proportionally scale the
CN values of each cell.

The Topmodel version used in rural cells has some partic-
ularities that make it different to that commonly used (Beven
etal., 1995). This version does not include the runoff routing
from the source area to the outlet (time-area method) because
it will be done inside the routing module in a distributed man-
ner. Both excess and base flows are assumed to come to sur-
face inside the hydrological cell, ready to be routed. The to-
pographic index is derived from DEM analysis for the whole
catchment using a multidirectional algorithm. Then, a dif-
ferent density function of the topographic index is provided

\
\
\

\

1

_ ) @,NM,ad;, for each hydrological cell to apply the model. This version
>N 2 A raingauge is led by 2 parameters, according to the 2 classic Topmodel
A A Barcelona O streamflow gauge | stores: the Root Zone (1st store) and the Saturated Zone (2nd

400 420 - 4“10 : : 4é0 3 store). In the 2nd store, the expone'ntigllstorage emptying pa-
UTM (km) rameter (), and the lateral transmissivity at saturatidig)(
have to be fixed. The initialisation of this 2nd store is done
Fig. 1. The Be®s catchment and the hydrological instrumentation from the initial value of the observed runoff. The 1st store
used in this study. initial deficit (Dr) is considered an event parameter that de-
pends on the humidity state of the basin. It is now fixed in
a simple way from the identification of the hydrograph ini-
dence in the model results, supervisors activate different levyjg) rising time. Since evapotranspiration estimates are not
els of warning. One of the models of the system is TOPDIST,jncluded now in the model, the maximum capacity of the 1st
recently implemented jointly with a radar based short termgtgre S7mas parameter) does not need to be fixed.
rainfall forecasting, both now in a testing period.

3.2 The routing model

3 The rainfall-runoff model A water pathway to the basin outlet, derived from topogra-

TOPDIST is a grid based model used for rainfall runoff trans- Py is defined. For each hydrological cell, this pathway is di-
formation in a watershed (Corral et al., 2000). It is able to vided into hillslope path (slow response) _and_rlver path_ (_fast
incorporate distributed rainfall (from radar), and its structure 2nd channelled response). The separation is made fixing a
easily allows to provide runoff information in different points threshold in its draining area, which is deduced from geo-
of the basin. The catchment is split into hydrological squareMOrphologic analysis. Figure 2 shows the drainage system
cells (usually &1 or 2x2ki?). Each one is treated as a hy- derived to apply the model in the Bes catchment, where
drological unit, where a lumped model is applied. The runoff the threshold has been fixed in 24%nin the hillslope path,
generated by each cell is routed to the outlet following a sin-the Gamma functiot(n, K) of the Nash Unit Hydrograph

gle unit hydrograph process, which is obtained from the def-(Nash, 1957) is applied. This function is led by 2 parame-
inition of a simplified drainage network. Finally, the sum of t€rs: n is the number of cells of the hillslope path to reach

all cell runoffs provides the total discharges at the outlet. ~ the river, and is the storage constant (a model parameter).
The hydrographs are routed through the river applying a time

3.1 The loss function at cell scale delay ¢,.), supposing that water travels to the outlet with con-
stant velocity. It depends on the length of the river path (

Two models are selected to reproduce the rainfall-runoffderived from topographic analysis, and on the river velocity

transformation at cell scale, depending on the degree of urfv,.), considered uniform, which is the last parameter of the

banisation. Topmodel (Beven et al., 1995) is a model thatmodel. The result is the same unit hydrograph obtained in

performs well in rural and permeable catchments, and it isthe hillslope, but delayed in time (Fig. 2).

applied in rural cells. On the other hand, the SCS loss func-

tion (Mockus, 1957), more adapted to non-permeable soils3.3 Model parameters

is applied in highly urbanised cells.

About 23% of the cells are considered urban in thed®Bes The model has been calibrated by means of a best-fit pro-
catchment. The two parameters needed in the SCS modeless (optimisation and validation) over a set of events us-
are obtained directly from Curve Numbef' V) tables for  ing the runoff data at the outlet. 12 events have been used
each hydrological cell, basically from the urbanisation de-for optimisation, and 6 for validation. After adjusting the
gree. Due to the difficulty in assessing correct values usingange of the parameter space, the process has converged in
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Fig. 2. Scheme of the model, with
the drainage system used in the Bes
catchment.
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the following values:K: 1.8h;v,: 3.5m/s;m: 0.040 m;  ology, affected by the subjectivism, is rarely used and in gen-
In(Ty): 4.0/h; FS: 0.60. A value of 0.77 for the Nash ef- eral a single persistence is applied. For this reason another
ficiency has been obtained for the optimisation process, angrrocedure based on radar advection methods has been im-
0.53 for validation. Knowing the uncertainty associated to plemented. It consists in a cross-correlation technique (Bel-
hydrological modelling (including the model structure), it is lon and Austin, 1978), finding the best displacement between
assumed that this calibration process is only a first approxitwo consecutive images (providing the best correlation). Af-
mation to the problem, thinking that model outputs achievedterwards, the forecasting is carried out moving the last radar
in this way serve as indicators of the catchment responses ifield with the estimated displacement every time. In order to
different situations, like the case study presented here. be coherent with the rainfall field used in the period before,
the radar-raingauge correction factors must be applied. Since
the raingauge forecasts are not known, the last computed set
4 The rainfall field and the short term forecasting of correction factors are applied. It must be pointed out that
. . ] ) this methodology is only able to provide reliable forecasts
A radar-raingauge merging procedure is used in the SAHBE, the case of storms with a well defined structure, having a

system to build the rainfall field inputs. Nowadays, it is basedgeneral movement without major convective processes caus-
on a distributed and dynamic correction factor applied to thejng appearance and evolution of cells.

radar image, obtained in each raingauge location comparing

raingauge values and radar rainfall estimates (INM radar im-

ages, previously converted to rainfall by means of aZ-Rrela5 Results

tionship: Z = 525- R'-?8, from Sempere-Torres et al., 1997).

This correction factor is applied to its influence area (its as-Some events have been evaluated from the perspective of real

sociated Thiessen polygon), and it is additive for very smalltime operation. It has consisted in simulating the conditions

values of rainfall, or multiplicative on the contrary. In some of real time for several time steps, analysing the decisions

cases raingauge data is the only information used to buildaken by the SAHBE supervisors and the variability of results

the rainfall fields, because radar information is not availablein consecutive time steps, comparing the results obtained us-

for all flood events (in this default case the single Thiessening the two rainfall forecasting procedures. In the case of

method is applied). persistence, a 6-hour forecast using the single procedure has
A rainfall forecast is needed to obtain reliable flow fore- been chosen (steady rainfall field). For the case of cross-

casts in the Bess. The original methodology implemented correlation, the same limit has been imposed (no rainfall after

in the SAHBE system consisted in a persistence methodolé h).

ogy, which repeats the last obtained rainfall field during some Figure 3 shows some results obtained in a particular event.

hours, but with the additional possibility to define a time- The vertical dashed line, indicating the current time, divides

variable correction in order to take into account the singletwo stages: before the current time, the rainfall is known;

persistence, growing or dropping of the storm. This method-after the current time, the rainfall is estimated by the two
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Fig. 3. Model simulations for the 19 July 2001 event, from different rainfall forecasts and different current times. PST: persistence; CC:
cross-correlation; no prev: without any rainfall forecast.

different forecasting methodologies (PST: persistence; CCmated and advanced. For this reason the model simulation
cross-correlation), and they can be compared against the reéhows an advancement in comparison with the reference hy-
erence rainfall (albeit the comparison is made in terms ofdrograph. In any case, rainfall volume is better estimated
the average catchment rainfall, loosing any spatial descripthan using PST, which provides rainfall overestimates after
tion). Then, every rainfall forecast produces a hydrograph4 h, when the storm decreases, and then providing hydro-
simulation, and they can be compared together and againgraph overestimates beyond this time. At 8:20 and 9:40, CC
the reference hydrograph (simulated by the model using thg@rovides a good agreement with the reference rainfall, de-
reference rainfall) and also against the observed hydrograptscribing very well the leaving of the storm from the catch-
Moreover, it can be made a comparison against the modement, even after 4 h. Another time, PST produces high rain-
simulation without any rainfall forecast, in order to see the fall (and consequently hydrograph) overestimates.
importance of providing some rainfall forecast.
Figure 4 shows some results for the event of 15th and 16th

In the case of the Fig. 3 (event of 19 July 2001, usedNovember 2001 (optimisation event too). It was a complex
for optimisation), the rainfall consisted in a band crossing event, with sudden appearance of convective cells near the
Catalunya from West to East, showing some ordered struceoast growing to the interior land, which is a typical situ-
ture. It should be noticed different situations depending onation in this zone of the Mediterranean during the autumn.
the current time. First of all, it must be pointed out that the At 6:20 of 16 November 2001, in the beginning of the main
model simulation produces a delay in the hydrograph risingevent, the CC forecast is only good during 10 or 20 min; later,
phase, of about 1 h in the peak; moreover, a small underest provides a strong underestimation. A similar situation can
timation exists. At 6:20 of 19 July 2001, in the beginning be observed at 8:20, in the middle of the storm, when the CC
of the event, the CC method produces a late estimate of thenethod forecasts the leaving of the rainfall in 3 time steps
rainfall peak, greatly underestimating the rainfall rate dur- (30 min), while the reference rainfall continues 2 h from the
ing some 2h. Then, it is clear that CC does not work in current time. This is because in this kind of climatological
this situation, although a far-off storm (more than 100 km) situations, convective cells grow into the sea and move to the
is introduced into the basin after some time (but without anyland, but later they remain stationary and grow in the basin
relationship with the real occurred situation). At 7:10 the CC due to orographic effects. In consequence, the CC hydro-
method provides an excellent agreement with the referencgraph forecast is very close to that obtained without any pre-
rainfall during 40 min; after that, the storm peak is overesti- vision, contrasting with the overestimation produced using
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Fig. 4. Model simulations for the 15 November 2001 event, from different rainfall forecasts and different current times. PST: persistence;
CC: cross-correlation; no prev: without any rainfall forecast.

the PST method. In front of these situations, the results ob- 1eof 10
tained in the next rainfall event (at 12:40 and 13:50) using  1s0f ]
CC show a better agreement with the reference rainfall, par- Q(y) forecasting tme at 2h  4°
ticularly in the second case, and clearly if compared with the E i SR B
results obtained using PST (no rainfall at 12:40, the peak at , "¢ I anoelicol 1 -
13:50). It must be seen that the CC forecasting methodol- £ s A i€
ogy only finds the best displacement between images. Ther® 6o 1 -
the radar rainfall field is affected by the correction factors of '+ El
the last time step. It introduces some errors in the rainfall £ £
forecast, that can be systematically observed when the rada  *°F ]
rainfall becomes zero (the storm goes outside the catchment (‘:’8 e o e g5 o2 os 06 o

but additive corrections are still applied, which extends a per-

ul

sistent rainfall in all the last section of the 6-h forecast. 1600?/1 10

One way to show the quality of the forecasting method is ‘402‘ T ———— _5
by means of evaluating the model performances at a fixed 120~ v @ obeorved ]
forecasting (lead) time, and doing that for all time steps. Fig- & m Q model (reference) {10
ure 5 shows the results obtained in the 15 July 2001 event,z - i\ T G model (P81 1z
for a 2h and 3h forecasting time respectively (the hydro- 5 *F .| Bl
graph represents the runoff estimates forecasted 2 or 3h be ¢ e
fore). It can be noticed that no big difference exists between 4 :
the reference hydrograph and the hydrographs obtained us - -2
ing both CC and PST methods when the forecasting time is 0§ N 230

2h. On the other hand, when the lead time is 3 h, strong
differences can be observed. Particularly when using PST,
the hydrograph divergence (usually overestimation) occurs

368

(1)8: 02: 04: 06: 08: 10: 12: 14: 16: 18: 20: 22: [2)8 02: 04: 06: 08: 10: 12:

more frequently than when using CC. Figure 6 shows theFig. 5. Model forecasts for a fixed lead time (forecasted 2 and 3 h
results obtained for the 15 November 2001 event using thisbefo_re), using different rainfall f_orecasts. 19 July 2001 event. PST:
scheme. The delay observed in the hydrograph rising obeygersistence; CC: cross-correlation.
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e ~ =30 erence peak flow, the rainfall forecast is rarely good enough
: TV W U 3 to estimate it.

h: As the current time approximates to the rainfall peak, CC
ok O e ararmnes) :, :ll ;5 can forecast it better. However, in many cases the rainfall
R Qe Egg;) f \l‘, I s forecast produces underestimations, particularly after some
) A J20E time, producing certain underestimation of the peak flow.
- Since the PST method does the forecasts with the last rain-
fall field, as the rainfall increases it provides higher rainfall
forecasts, and tends to produce important hydrograph risings.
In principle, as the current rainfall is smaller than the peak,
the peak flow is underestimated; but when the duration of the
rainfall event is smaller than the forecasting time (6 h in this
: S ‘ . study), the forecasted hydrograph can hqve a pea_k flow near
ok w “U ! : to _thg reference, or even an overgsnmatlon. In thls case, al-
E Q) forecasting time at 3 h ] I . beit it is due to an error of the rainfall forecast, if actually
1401 1 I = .. . . . .
F o opeered h l,‘l i ] a dal_wgerous_ flow rising is coming, it serves to activate the
P — o el i i warning earlier. Thus, it is more conservative.
b Q@model (PST) 1 1 Jeof After the rainfall peak (when the rainfall event decreases),
o5~ CC uses to provide good estimates. PST is very bad, since
produces systematically overestimations. Then, in this case
CC is clearly superior. Since the warning has been previously
given, this is not important in case of important flow events.
T TR TR But it can be useful for small events in order to avoid false
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Fig. 6. Model forecasts for a fixed lead time (forecasted 2 and 3h6 S
before), using different rainfall forecasts. 15 July 2001 event. PST: ummary

persistence; CC: cross-correlation. . . . .
In this paper, an analysis of two simple rainfall forecast-

ing methodologies inside an integrated rainfall-runoff model
working in real time has been done. The study has allowed

to the reason that during the first part of the event ne|therto see the sensitivity of the model simulations to the rain-

of the methods (PST and CC) are able to slightly reproducgy| forecasts, taking into account the feelings of the decision

the reference rainfall. But in this case, the hydrograph overy,,ersin different stages of the event, in order to reach some

e§timation pr_odu_ced by PST is very large and frequent (eve?;eneral useful ideas for real time operation.
with forecasting times of 2h), while CC rather provides some Using rainfall persistence as forecast, it has been noticed

underestimation. that for forecasting times of more than 2h (in the 8es
Till now, the comments have been focused on the analysigatchment), the model simulations begin to diverge to the
of the rainfall forecasting methods and the hydrograph sim-reference hydrograph (0-h forecasting time). Then, it can
ulations, looking at the goodness in comparison with a referqe assumed that a time of 2h is a good approximation for
ence rainfall or hydrograph. Now, the question goes furtherthe mean lead time in the B&s outlet. In front of this, us-
and looks if the integrated model is helpful for forecastersing a cross-correlation technique, in general it is possible
and decision makers. In other words, can the model providgo appreciate a good agreement in the mean rainfall in the
enough information in order to assess a good level of warn<irst 30 min. Evermore, sometimes this agreement is appre-
ing with an adequate anticipation? After the evaluation of ciated for more than 1 and even 2h. It can be concluded
the integrated model for the events previously shown (antthat an improvement of at least 30 min is introduced in the
two more), we have arrived to some conclusions. lead time, extending it from 2 to 2.5h approximately. For
In general, it has been observed that the transcendentd¢ad times greater than 2 h, the persistence method produces
information to reproduce the hydrograph rising (particularly more frequent and important errors (usually overestimations
the peak flow) is a good estimation of the rainfall peak (thisin rainfall and runoff simulations). Then, cross-correlation,
denotes a certain linear behaviour in the @esatchment).  although a simple radar based procedure for rainfall forecast-
Thus, in the beginning of the rainfall event, it is very difficult ing, represents a qualitative improvement in front of a simple
to achieve good model forecasts. Of course, PST is unablgersistence, at least when the storm presents a general or-
to forecast any rainfall when it is not raining. CC is able to dered movement.
forecast some rainfall, but in general it is frequent to have From a decision maker point of view, it has been noticed
rainfall underestimations, at least for lead times of more tharthat cross-correlation is a more stable method than simple
2h. Then, as in general there are more than 3 or 4 h to the refpersistence, incurring in strong errors less frequently. Mainly
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