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Abstract. At present, new technologies are becoming avail-1 Introduction

able to extend the coverage of conventional meteorological

datasets. An example is the TMPA-3B42R dataset (researcht present, remote sensing has become immensely useful
— v6). The usefulness of this satellite rainfall product hasto improve our understanding of spatiotemporal variation of
been investigated in the hydrological modeling of the Vincesrainfall, particularly for data-scarce regions. In this regard,
River catchment (Ecuadorian lowlands). The initial TMPA- the Tropical Rainfall Measuring Mission (TRMM) (Simp-
3B42R information exhibited some features of the precipi-Son et al., 1988; Kummerow et al., 1998), an initiative of the
tation spatial pattern (e.g., decreasing southwards and west/S National Aeronautics and Space Administration (NASA)
wards). It showed a remarkable bias compared to the grounc@nd the Japanese Aerospace Exploration Agency (JAXA),
based rainfall values. Several time scales (annual, seasond$, instrumental in shaping the research related to the use
monthly, etc.) were considered for bias correction. High cor-0f satellite-based rainfall products in hydrological studies
relations between the TMPA-3B42R and the rain gauge datdhttp://trmm.gsfc.nasa.ggv/The TRMM system has been
were still found for the monthly resolution, and accordingly operational since November 1997, and it has released prod-
a bias correction at that level was performed. Bias correcUcts since 1998. As its name indicates, the mission covers
tion factors were calculated, and, adopting a simple proceonly the tropical zone, i.e., between the latitudes 8Gnd
dure, they were spatially distributed to enhance the satellitdf0” S. The current spatial resolution is 0725

data. By means of rain gauge hyetographs, the bias-corrected A large number of publications have reported worldwide
month|y TMPA-3B42R data were disaggregated to da||y res-experiences in the use of TRMM Multi-satellite Precipita—
olution. These synthetic time series were inserted in a hydrotion Analysis (TMPA) products (Nicholson, 2005; Hughes,
logical model to complement the available rain gauge data tc2006; Wong and Chiu, 2008; Buarque et al., 2011; Rollen-
assess the model performance. The results were quite coneck and Bendix, 2011), particularly the 3B42 research type,
parable with those using only the rain gauge data. Althoughversion 6 (Huffman et al., 2007). In this regard, two lines of
the model outcomes did not improve remarkabw7 the Contri-research can be distinguished. The first one has been focus-
bution of this experimental methodology was that, despite dng on comparing the TRMM with the rain gauge data, either
high bias, the satellite rainfall data could still be corrected forto study the spatial and temporal variability or to test the va-
use in rainfall-runoff modeling at catchment and daily level. lidity of the TRMM products. The second line of research
In absence of rain gauge data, the approach may have the pbaS investigated the potential use of that satellite information
tential to provide useful data at scales larger than the preser@ts an independent data source or complementing rain gauge
modeling resolution (e.g., monthly/basin). data for hydrological studies.
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There are important results related to the first category. Foinput for rainfall-runoff models and then compared the simu-
instance, in the arid environments of southern Africa, Nichol- lation results with those using only rain gauge data. Notewor-
son (2005) and Hughes (2006) reported that the TRMMthy examples are the models developed in California (Guet-
data overestimated the rain gauge data in every comparisoter et al., 1996; Yilmaz et al., 2005) where flow simulation
based on a monthly scale. Other interesting cases are thend soil water estimates were undertaken at a meso-scale
ones reported by Bell and Kundu (2003). These researchensasin using the GOES (Geostationary Operational Environ-
also compared on a monthly basis and recognized that evemental Satellite) data. Although the outcomes of those simu-
across densely gauged networks there were large differencéations showed some biases when compared with an existing
between ground data and TRMM data. A number of stud-hydrological model, the authors were able to demonstrate a
ies have reported that a comparison on an annual timescalgrocedure of combining multiple data sources. Possible bias
yields low biases; but with finer temporal scales, those biasesources may have been the following: (i) the quality level
showed an increasing trend. At daily or weekly time resolu-of the GOES atmospheric correction algorithms at that time;
tion, bias values around 50 % have been reported (Wilheitand (ii) the fact that the precipitation estimations (Yilmaz et
1988; Olson et al., 1996; Huffman et al., 2010). Other exam-al., 2005) were developed for ungauged basins, hence involv-
ples of comparisons performed in different places have beeting a large uncertainty. In the Tajgaj River (Amazon Basin,
reported as well, such as Hong Kong (Wong and Chiu, 2008)Brazil) spatial rainfall and daily comparisons of different
the Brazilian part of the Amazon River basin (Buarque et al.,data sources for hydrological simulations have been inves-
2011), Indonesia (Vernimmen et al., 2012) and countries withtigated: firstly, using only rain gauge observations; and sec-
poorly gauged areas such as in Ghana (Endreny and Imbeabndly, integrating these point measurements with the TRMM
2009). data (Collischonn et al., 2008). These comparisons gave sup-

The location of the selected study area seems to stronglyort to large-scale rainfall-runoff and further hydrodynamic
influence the comparison process. Publications whose casgmulations (Paiva et al., 2011).
studies deal with oceanic environments or flat areas (e.g., Belland Kundu (2003) have shown that finding an optimal
Amazon Basin) report a very good match between the datapace—time correlation between rain gauge data and TMPA
from rain gauges mounted on buoys and the TRMM val- needs a model, and for that purpose a spectral model of rain
ues (Adler et al., 2000; Bowman, 2005). In studies in loca-rate covariance is often used. For comparing data averaged
tions with higher altitudes and particularly in the foothills over a month, Bell and Kundu (2003), with the help of a
of mountainous regions (e.g., the Andes), there were nospectral model, have shown that the error is very high when
torious differences between the two sources of data (Tiarthe diameter of the averaging area is smalPQ km). As the
and Peters-Lidard, 2010). In this regard, the TRMM dataaveraging area increases, the error exponentially decreases
might show lower values than the gauge rainfall (Dinku etto a minimum (close to 10 % level) for a diameter of 90 km
al., 2010; Javanmard et al., 2010). The spatial resolution ofor satellite overpasses every 3h. As the averaging area in-
the satellite-borne data possibly plays a minor role when atcreases, the error of monthly average values exponentially
tempting to mimic ground precipitation patterns in moun- decreases to a minimum (close to 10 % level) for a diame-
tain range foothill areas. On the other hand, sampling errotter of 90 km for satellite overpasses every 3 h, even with just
(both spatial and temporal) should be the first-order causea few gages. On the other hand, as the frequency of satel-
for underestimation in mountainous areas, which imply com-lite overpasses decreases to daily visits, the optimal diameter
plicated convection mechanics, and thus high uncertaintygrows up to 200 km with a corresponding (increased) error
for rainfall spatial distribution (Bendix et al., 2009). Conse- of about 25 %. They also concluded that for 3-hourly satel-
quently, this scheme is usually hard to be captured by satellite visits to a gauge site it is possible to bring the error of
lite snapshot with limited swath range. For the present studymonthly average values within 10 % with just a few gauges.

a total number of 9 TMPA pixels with 3 cells along the x-  The literature suggests the promising possibility of com-
direction (longitude) seem adequate to detect variations fronplementing the rainfall data from rain gauges with data from
west to east (i.e., the lowlands, foothills and Andes region).the TMPA-3B42 (research version) in hydrological stud-
And precisely these hilly areas are frequently the most unaties of data-scarce regions such as the Vinces Catchment
tended by the national weather agencies in terms of grounéh the Guayas River basin in Ecuador. Prior to achieving
data availability. To tackle this problem, TMPA and in gen- this goal, a second bias correction might be necessary be-
eral satellite data may contribute to better comprehend the&ause the global validation spots provided by NASW(:
spatial and temporal pattern features of precipitation, in par//trmm-fc.gsfc.nasa.gov/trmmgv/data/data.htmlare usually
ticular if space-borne and gauge data complement each oth&oo far away and thus might not be sufficiently representative
(Rollenbeck and Bendix, 2011). This possibility still needs to for the present study area. Therefore, this article proposes
be investigated in areas with large spatial variability of rain- the use of local rainfall ground stations as anchor points to
fall. re-correct the TMPA-3B42R research values (v6). In addi-

A second group of researchers have gone beyond datBon, this paper presents a simple procedure to combine the
comparisons. They have used the satellite products as a neground measurements with the 3B42 data for hydrological
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Fig. 1. Left: Guayas River basin, system flow direction (arrow) and main features; right: hydrological model schematization for the Vinces
upper catchment.

simulation using an existing rainfall-runoff model of the 2.2 The hydrological model
Vinces Basin.
A simulation study was carried out to compute the stream-
flow contribution from the upper to the lower Vinces catch-
2 Framework ment as part of a broader study involving a wetland-
catchment analysis framework (Arias-Hidalgo et al., 2012).
The Lulu and San Pablo rivers, main tributaries of Vinces,

. . . I have crucial importance since they may mitigate the effects
The Guayas River basin (GRB, 34 000%ris located within the Baba dam project may exert on the lower course of the

the Ecuadorian coastal region (Fig. 1). It is one of the most

. ) . . . river, specifically a significant flow diversion to the Daule
important areas in Ecuador in terms of economic product|onPeri a dam (Fig. 1). As such, the main target of that stud
Three main activities take place within the basin, viz. (i) ur- P 9 ). ’ 9 Y

ban/industrial development, (ii) agriculture and (iii) aquacul- was to calculate the hydrographs at the confluence of Lulu

ture (Southgate and Whitaker, 1994; Falconi-Benitez, ZOOO)f’md S,an Pablo with the Vinces River as_well as at the catch-
. . . ment’s outlet. To that end, the aforementioned catchment was
More than 68 % of the national crop production originates

from this watershed (Borbor-Cordova et al., 2006). Thed'v'ded into 6 subbasins (Fig. 1b), where four had stream-

Vinces River catchment is located in the central part of theﬂOW gauges available for calibration. The HEC-HMS tool

Guayas Rie basin.Up o he Queedo at Quevedo sialor ST 514 g, 2010 wes e o compute e
the catchment area is 3400 krtFig. 1a). Elevations range '

from 60m (at the outlet) up to 4080 m along the Andean pected to reduce the potential water shortage caused along
. . . the Vinces River by the Baba dam, up to 60 % (Efficacitas,
foothills, particularly the northeastern part. Annual rainfall

(derived from rain gauge values) typically varies from around ZOI(:] 6. eAr:Zlelsdﬂggly ggtlazgre Very scarce across the Guavas
1000 mm in the southwestern side to more than 3500 mn]?i 9 ' SP ry y

in the northeastern zone close to the Andes (Arias—HidaIgoa Vg(r)rbgsr':ls'it-r h(;?:\],\:;gﬁse ?nlg;'é;rléﬁgbiega?];nvgztggrﬁteﬂgg? d
et al.,, 2012). The mean historical flow at the upper catch- P y 9

ment’s outlet is 220 s~ L. In general, two seasons are dis- fgw cahpranon points and long gaps thrpughout the daily
L . : . time series, etc. Because of these situations, the model was
tinguished across the Ecuadorian lowlands: the wet (rainy

season (mid-December to May) and the dry period (the res uilt using simple approaches that require a low number
: . of variables. The precipitation loss was modeled using the
of the year), characterized by a common absence of ralnfall.Oleficit and constant loss method (Skaags and Khaleel, 1982:

USDA, 1986). This method is a simple one and is suitable
when limited data do not allow using a more rigorous method

2.1 The Vinces River catchment

www.hydrol-earth-syst-sci.net/17/2905/2013/ Hydrol. Earth Syst. Sci., 17, 29845 2013
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Fig. 2. Annual average rain field comparison between ground stations (left) and TMPA-3B42R research data (right), during 1999-2006.

that models the evolution of soil moisture (e.g., using the SoilQuevedo, Baba, Pilaland Toachi stations (dots in Fig. 1b).
Moisture Accounting model). The deficit and constant lossThe average daily Nash—Sutcliffe coefficient (NSC) (Nash
method accounted for the sum of surface storage, canopy irand Sutcliffe, 1970) was around 0.75 (a summary of the NSC
terception, infiltration, evapotranspiration, and soil moisture.numbers for some subbasins is shown in the Table A4).
This composed index was estimated for each subbasin based

on its soil type. The classification of soil was adopted from

the soil classification used in the curve number method (i.e.3  Methodology and results

soil types A, B, C and D).

The delineation of the catchment and computing the physi-Among several TMPA data products, the 3B42 (research)
cal features such as areas, distances, etc. were carried out y#MPA-3B42R) was used in this study as recommended by
ing HEC-GEOHMS, a GIS-based tool (Fleming and Doan, previous researchers (Winsemius, 2009; Dinku et al., 2010;
2009). The impervious area of each sub-catchment, inforAlmazroui, 2011; Vernimmen et al., 2012). The available
mation typically used in computing precipitation loss, was three-hourly data throughout a time span of 8 years (1999—
determined using the land use map of the catchment. Irp006) were aggregated to daily, monthly and yearly resolu-
the meteorological model, the gauge weights to individualtions.
rain gauges were determined based on the Thiessen polygon |n the present research, three hourly satellite visits and
method. The direct runoff was computed using the SCS unitnonthly averaged satellite rainfall values are considered.
hydrograph (SCS, 1972). The baseflow was computed usingherefore, as per Bell and Kundu (2003), a zone with a
the recession method. Initial values of lag time and initial diameter of 90 km should have been optimum. The Vinces
baseflow were estimated by analyzing some typical hydro-Basin has an area of about 3400%mwhich approximately
graphs of the catchment. Model parameters were calibratedan be considered as an area with a diameter of 66 km. As
using the univariate gradient as the optimization method anger the spectral model of Bell and Kundu (2003), the error
the minimization of sum of squared residuals as the objecievel for this comparison may be around 11 to 12 %, which
tive function (see Tables Al, A2 and A3). The model was perhaps can be considered as quite low. It should be noted
set up and calibrated for the years 2004 and 20@Bnfal  that the subbasins are small for this study (Table A1); how-
years, not showing any extreme pattern typical of BidNi  ever, their presence does not mean that a comparison was
phenomenon) against discharge observations at Quevedo gfade at such scales. The hydrological processes of the entire

Hydrol. Earth Syst. Sci., 17, 29052915 2013 www.hydrol-earth-syst-sci.net/17/2905/2013/
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Vinces catchment were calibrated and validated in an inte- ©°;

grated method and not performed at a sub-basin scale. Ao
Annual rainfalls from rain gauges and the TMPA-3B42R /
data, averaged over the time span, were computed at their re :
spective measurement points. Adopting the inverse distance
400

weighting (IDW) for interpolation, an average spatial dis-
tribution of annual rainfall is shown in Fig. 2a and b. The /
ground-based map indicated an increasing pattern principally§ ol
towards the north. Such a trend was also somewhat cap-: /

g
E
£

tured by the TRMM-based map, although its order of magni-
tude was 50-65 % smaller than the rain gauge representatior” *
However, the northeast of the catchment shows the lowest /
density of ground-based measuring stations. This fact cor- |,

roborates the concerns about possible high uncertainties tha / Tt

Ground

2
=3

+  TRMMoriginal

may be associated with rainfall estimation across foothill ar- o

eas (Paiva et al., 2011). o - ™ — - - o
Several time scales were considered for bias correction: TRMM rainfall am monthy

annual, seasonal, monthly, etc. In this regard, high corre-_ ) ) ) )

lations between the TMPA-3B42R and the rain gauge data{:lg' 3.Bias correction at a monthly scale. Puerto ila station.

were still found for the monthly resolution (to be detailed

shortly). A monthly bias correction for the TMPA-3B42R re- the validity of the bias correction, the relative bias and the

search data has been adopted previously by other researchefg oo square error (RMSE) were calculated as follows:
as well (Bell and Kundu, 2003; Hughes, 2006; Huffman et

al., 2007; Rollenbeck and Bendix, 2011; Vernimmen et al., PGroundst— PTRMM

Linear (TRMM corrected)

2012). For that objective, Huffman et al. (2007) used specificre}l"’mve biag(%) = PGroundst +100 @
global stations. Finally, beyond monthly resolution and in
general at rain gauge locations using daily timescales, most
researchers found low correlations between the rain gauge 12
and TMPA-3B42R rainfall datak? often less than 0.30). > (TP — PTRMM,)?

Most likely, the rain gauge location and the TMPA grid RMSE (mmyear?) = i=1 , ()
cell centers do not coincide. As a consequence, the average 12

monthly satellite-based data at the grid cells had to be eStiWherePGmunds is the annual rainfall from ground observa-
mated at the rain gauge locations (the inverse distance weighfons (mmyear?). Prrmm is the uncorrected and corrected
method was used once again). Thus, the average monthlynnya) rainfall, derived from the satellite data (mmyéjr
precipitation values for the study period (1999-2006) mea-p.ovim; is the monthly rainfall for monthw, at rain gauge

sured at each rain gauge location were compared against thqi§cation, for both uncorrected and corrected TMPA infor-
TMPA interpolated counterparts. The following equation ex- ation (mmmonth?).

presses a relationship between the rain gauge anahtter-

i _ As a further step, the bias adjustment coefficieft (
rectedTMPA monthly values, at a certain location

in Eq. 1) was spatially distributed across the Vinces up-
per catchment resulting in a distributed map of correctors
(Fig. 5). As before, the approach followed inverse distance
_ _ _ weighting, based on the correctors estimated at each rain
where K;, is the bias factor at the rain gauge lo- gq,ge location. As could have been expected from the dif-
cation i. TRMM;, is the uncorrected monthly rainfall  forences in annual averages, bias correctors between 2.7 and
(mmmonth), obtained from the satellite data and esti- 3 5 constituted a representative interval for most of the catch-
mateq at the rain gauge Iocgtlomurlng the monthn, and  ment domain, with the exception of those ground stations sit-
TP, is the }otal rainfall at rain gaugeduring the monthn ;516 in the uppermost portions of the catchment (close to the
(mmmonth=), from ground observations. water divide). The corresponding bias correction coefficients
An example of this correlation can be seen for the “Puerto,yere estimated for every TMPA grid center, and thus the cor-
ila” station (Fig. 3). Table 1 shows the extended results of this;gction was performed using the following expression:
annual comparison using the monthly bias corrector (Eq. 1).
In general, a high correlation was observed at the monthlyTRMMcorr, j,,n = K’ - TRMM; (4)
scale R? = 0.81 on average). In that regard, Fig. 4 illustrates v
a graphical comparison between the rain gauge observationgyhere K}m is the monthly bias factor, estimated at the
the uncorrected and corrected TMPA data. In order to assesBMPA grid centerj. TRMM; ,, is the uncorrected TMPA

TP = Kim - TRMM; (1)

www.hydrol-earth-syst-sci.net/17/2905/2013/ Hydrol. Earth Syst. Sci., 17, 29845 2013
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borne data.

Table 1.Bias correction, TMPA-3B42R vs. ground data, annual rainfall based on monthly correction.

Validating Ground data, annual Uncorrected TMPA-3B42R Corrected TMPA-3B42R
station rainfall (mmyTl) Annual rainfall  Rel. bias RMSE Monthly bias R?  Annualrainfall Rel. bias RMSE
(mmyr-1) (%) (mmyr1)  corrector (mmyrl) (%) (mmyr 1
Puerto ila 2578.1 757.6 70.6 206.4 3.15 0.92 2389.1 7.3 56.7
San Juan La Man 2805.8 600.0 78.6 256.0 4.28 0.89 2571.0 8.4 76.4
Pichilingue 1858.3 595.0 68.0 149.6 4.29 0.85 1654.5 11.0 63.2
Murucumba 1738.9 693.0 60.1 125.3 2.18 0.87 1508.3 13.3 57.3
Pilalo 1095.1 565.5 48.4 60.3 1.85 0.73 1045.5 4.5 345
Chiriboga 4653.7 759.3 83.7 356.7 5.66 0.63 4295.6 7.7 108.3
Puerto Linon 2527.5 839.9 66.8 184.4 2.56 0.78 2151.3 14.9 86.8
Union 71 1983.6 769.1 61.2 141.1 2.25 0.82 1728.0 12.9 69.2
La Cancha 1730.8 678.3 60.8 125.6 2.18 0.75 1481.5 14.4 71.9
La Palizada 1805.8 577.6 68.0 150.6 2.87 0.87 1657.0 8.2 58.2
El Corazdn 2391.1 509.2 78.7 2175 4.47 0.83 2274.1 4.9 775

Hydrol. Earth Syst. Sci., 17, 29052915 2013

www.hydrol-earth-syst-sci.net/17/2905/2013/



M. Arias-Hidalgo et al.: Experiences in using the TMPA-3B42R satellite data 2911

680000 700000 720000 740000 120

A . y=10¢ .
8 4 OKilometers Bias co oo /
— = /
/= coeffici /
100 .
,/ .

(=3 o *
8. 5] = ¢ /
2 2 g .
3 8 Z 80 /.

2 /

8 / N

g * ‘e ,//

T 60 <

H . *
g g 3 e/
=3 =3 g /
3 3 g *e
4 3 b &

g “ «

2 /

a . .

o
L
o o 0 s *
g g A SR
S S o AR
3 ] Fals .
0

0 20 40 60 80 100 120
Daily TRMM corrected rainfall (mm/day)

Fig. 6. Comparison of rainfall data from gauges and TRMM
(TMPA-3B42R) corrected data, at daily scale, Puerto ila station.

9900000
9900000

l
r

(F"?T
.’Q)ve/\le o at Quev

Pichilingue E River gauges o- 3 final expression is as follows:
Rain gauges
@ TMPA grid centres

[ Subbasins boundaries 7- - TRMMcorr,j,d = fi,d,m . TRMMcorr,j,m, (6)

680000 700000 720000 740000

9880000

Fig. 5. Spatial distribution of bias corrector coefficients at monthly WNere TRMMeor ;.4 is the disaggregated, dalily corrected
scale. Vinces upper catchment. TMPA monthly rainfall at grid centey (mmday ~).

Finally, in order to illustrate the validity of this simple pro-

cedure, an example was taken from the location of the Puerto
monthly rainfall at the grid centey during month m ila gauge station, as shown in Fig. 6. At the daily timescale,
(mmmonthr?), and TRMMor, jm is the corrected TMPA  the correlation at this spot was high enougtr & 0.88)
monthly rainfall at the grid centeri during monthm given the empirical approach and the large initial bias.
(mmmonthL).

Thus, seven TMPA-3B42R points were added to the rain

gauge input network (circles in Fig. 5): two in the lowlands 4 Performance of complementary TMPA-3B42R data
and five in the highlands. Because the rainfall-runoff model for the HMS model
was built using a daily time step (as the rain gauge dataset
the satellite-corrected monthly values were disaggregate
to that time resolution for each new information spot. To
achieve this, empirical factorgj() were derived from the rain
gauge time series as follows:

ﬁ'he HEC-HMS model of the Vinces River catchment was
run for the year 2006 (aormalyear), in principle with the
data from rain gauges exclusively, and afterwards using the
TMPA-3B42R and rain gauges together. For the first simu-
lation, Fig. 7 shows an example of hydrograph comparison
Piam between observed and computed values, at the Quevedo at
T, (%) Quevedo streamflow station. It was observed that although
' some of the observed peaks were not accurately matched
wheref; 4. is the temporal disaggregation coefficient, at the by the simulation, at least the trend and some other peaks
rain gaugel, for the dayd of monthm. P; 4, is the total ~ were very well represented. The model computed several
rainfall at rain gauge location on the dayd of monthm flow peaks in this period as a response to their correspond-
(from ground observations, mmday), and TR ,, isthe total  ing precipitation events, such as the peaks in May, October
rainfall at rain gauge location during the monthsn, from and November 2006. Yet the differences with the observed
ground observations (mmmonth as explained in Eq. (1).  data in May and November are noteworthy. According to
The f; 4 ratios were then applied back to the correctedwhat has been experienced during the data collection cam-
TMPA-3B42R monthly values to estimate the daily series paigns, there might be some concern about the reliability of
(dayx, monthX) at the satellite grid centers. There, the pro- the discharge observations (stations without proper mainte-
cedure took the factors from the nearest ground location. Th@ance), particularly during the dry season. This has not been

fi,d,m =
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Comparison of HEC-HMS models, Vinces upper catchment
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Fig. 7. Rainfall-runoff simulations with different types of precipitation data, Vinces River upper catchment.

the case with the rainfall observations. Disregarding somebasis, the Nash—Sutcliffe coefficient slightly decreased from
mismatches during May and November, the Nash—Sutcliffe0.81 to 0.76 (Table A4).
coefficients were considered acceptable considering the sim- Finally, mass balance error values have been included in
plicity of the model (Table A4). the analysis, not only for the Quevedo at Quevedo sta-

In order to assess the usefulness of combining precipition but also for the other three control locations: Baba dam,
tation data from rain gauges and the TMPA-3B42R as anToachi and Pilalo (Table A4). In addition, annual as well as
alternative data source for rainfall-runoff modeling, a new seasonal results are presented. There were improvements on
hydrological simulation was executed for the Vinces uppermass balance error (and NSC) when comparing results from
catchment. The time series at the rain gauge stations werthe model using only rain gauge data andd¢bmbinedsimu-
not modified, but the generated (synthetic) daily time seriedation. Such enhancements were observed at the Baba gauge
at the TMPA-3B42R centers (Fig. 5) were considered as ad{annual,—32.2 % to—15.7 %; wet—32.3 to—17 %; and dry
ditional information in computing the average areal rainfall season—32.2% to—14.8 %) and at the Pilalgauge (an-
for each sub-basin. nual,—41.5 to—15.2 %; wet, 17.7 to 8.2 %; and dr58.3

The results of the hydrological simulation using averageto —31.7 %), as well as at the Quevedo at Quevedo station
areal rainfall from both sources are shown in Fig. 7. Dur- (rainy season, 17.4 te 1.5 %). However, as for the simula-
ing some peaks throughout the rainy season of 2006 (e.gtjons using only the TMPA values, the overall outcomes for
8 February, 5 March, and others), the newly fed modelthe whole Vinces catchment were not as good as for the com-
showed higher streamflow values compared to the groundbined approach (e.g., NSC numbers below 0.50). This find-
based data simulation. This may imply an improvement oning indicates that, for a daily resolution, the TMPA-3B42R
the model performance (8—13 %) for the series trend and everesearch values may still depend on the ground data not only
for some peaks (e.g., the peak of 16 March), because théor re-correction but also for complementing the modeling
rain gauge model in general underestimated the discharge olirput data process.
servations. However, for other peaks the new model caused
a larger positive bias of around 18 %. Globally, the Nash—
Sutcliffe coefficient for the wet period remained almost the 5 Concluding remarks and further research
same, ranging from 0.83 to 0.81 (Table A4). possibilities

For the dry season the new simulation did not show any re-
markable improvement compared to the model results, whicfNéw remote sensing technologies provide multiple options
used rainfall data only from rain gauges (NSC was 0.70 to© comple_ment the conventionally obtained spatial rainfall
0.53 for the Vinces outlet station; Table A4). For other peri- data. In this paper, the use of the TMPA-3B42R data to com-
ods the NSC at the catchment outlet increased slightly fronPlément precipitation data from rain gauges for the scarcely

0.98 to 0.99 (not shown in Table A4). On an overall yearly 92uged Vinces upper catchment in Ecuador was explored.
The spatial distribution of the annual rainfall data from

TMPA showed some similarity to the spatial pattern obtained
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Table Al. Surface water variables for the Vinces River model in HEC-HMS.

Subbasin Area Constantloss  Imperviousness Lagtime
(km?)  rate (mmh1) (%) (min)

Baba 925.2 3.6 4.1 1700
Toachi 504.8 3.1 4.5 1407

San Pablo — Quevedo 1290.3 4.0 5.8 1507
Pilalo 212.9 2.8 4.7 1186

San Pablo —La Mam  190.0 33 3.8 1507

Lulu 293.4 43 5.3 1326

Table A2. Baseflow parameters for the Vinces River model in HEC- gregation technique was, albeit simple, sufficient to gener-

HMS. ate synthetic daily series that were quite comparable with the
temporal data coming from the measuring stations.
Subbasin Initial discharge  Recession  Ratioto At first, a hydrological model across the upper Vinces
(ms~) constant  peak catchment was built using only rainfall ground data as an in-
Baba 25.5 0.79 0.78 put variable. Results at several locations (e.g., at the Baba,
Toachi 1.8 0.79 0.76 Toachi, Pilalo catchment outlets and at the Quevedo at
San Pablo — Quevedo 6.3 0.85 0.67  Quevedo river station) were compared against the river dis-
Pilalo ] 1.0 0.95 0.85 charge observations and found to be reasonably acceptable.
ESITJ Pablo —La Max ;’_'63 8.‘;3? 8:?3 In general, the differences between simulated and observed

runoff mainly happened in May and November (during the
dry season) probably partly as a consequence of localized
. o stormy events in the Andes, or suspicious discharge measure-
T‘T’lble A3. Gage weights for San Pablo — Quevedo subbasin in thements or the several strong assumptions adopted throughout
Vinces upper catchment model. .
the model construction.
The corrected TMPA-3B42R data were employed with

the rain gauge observations as complementary data sources

San Pablo — Quevedo Subbasin

Gage name Weight . ) . . .
for the rainfall-runoff representation. This new simulation

Murucum ba 0.31 showed outcomes very comparable with those using only
Pichilingue 0.05 rain gauge information. In spite of a slight decline in the
:zlﬁlﬁo iia 00'2020 Nash-Sutcliffe nhumber (possibly caused by the simplicity

: ' of the empirical temporal disaggregation procedure and at
San Antonio Delta Pate 0.30 intd h ial luti fthe TMPA-3B42R
San Juan La Man 0.10 some point due to the spatial resolution of the -

Union 71 0.02 grid), the mass balance error showed a general recovery when
incorporating the satellite-based data into the rainfall-runoff
simulation. In general, although the new model’s results did
not improve remarkably compared with the rain gauge sim-
from rain gauge data. Despite this initial visual correlation, ulation, the validity of this experimental approach should be
the raw satellite data showed high negative bias at monthl\seen as the development of an alternative source of rainfall
time resolution. Bias correction factors were computed andjnformation. At a daily timescale, this new and re-corrected
adopting a straightforward procedure, were spatially dis-source (combined with rain gauge data) can provide reliable
tributed, and then used to improve the TMPA-3B42R data.rainfall estimates and can help in predicting the hydrology at
The procedure showed an easy yet effective way for rethe catchment scale. Thus, the TMPA-3B42R research infor-
correcting the bias of the TMPA-3B42R data at the catch-mation contributed to an enlarged spatial characterization on
ment scale, using local calibration points (rainfall ground sta-the scarcely gauged (catchment) area, in this case, the An-
tions) instead of the global validating ground spots utilized dean foothills region. Furthermore, the TMPA-3B42R (with-
by NASA. The interpolation stages may be strengthened useut rain gauge values) may have the potential to provide use-
ing a comparison of performances between IDW, co-krigingful data at scales larger than the present modeling resolution
and kriging with external drift (incorporating elevation as a (e.g., monthly/basin).
second variable/drift respectively). An ultimate research opportunity would be to analyze spa-
By means of the hyetographs constructed from raintial rainfall patterns by combining the TMPA satellite and
gauges, the bias-corrected monthly TMPA-3B42R data werehe ground measurement data during Efidland La Niia
disaggregated into a daily resolution. The temporal disag-

www.hydrol-earth-syst-sci.net/17/2905/2013/ Hydrol. Earth Syst. Sci., 17, 29845 2013



2914 M. Arias-Hidalgo et al.: Experiences in using the TMPA-3B42R satellite data

Table A4. NSC and mass balance errors after the Vinces HMS model.

Only rainfall ground data

Annual (2006) Rainy season (2006) Dry season (2006)
Subbasin Gauge NSC  Mass balance NSC  Mass balance NSC  Mass balance
(daily) error (%) (daily) error (%) (daily) error (%)
Toachi Toachi 0.69 —16.8 0.62 -8.7 0.77 —62.6
Baba Baba 0.67 -32.2 0.67 —-32.3 0.65 -32.2
Pilalo Pilalo 0.84 —415 0.85 17.7 0.78 —58.3
San Pablo — Quevedo Quevedo at Quevedo 0.81 11.0 0.83 —-174 0.70 31.0
Rainfall ground data + TMPA (3B42)
Annual (2006) Rainy season (2006) Dry season (2006)
Subbasin Gauge NSC  Mass balance NSC  Mass balance NSC Mass balance
(daily) error (%) (daily) error (%) (daily) error (%)
Toachi Toachi 0.64 —-22.1 0.64 18.3 0.61 —-55.9
Baba Baba 0.59 -15.7 0.62 -17.0 0.44 -14.8
Pilald Pilalb 0.64 —15.2 0.60 8.20 0.78 —31.7
San Pablo — Quevedo  Quevedo at Quevedo 0.76 375 081 -15 0.53 64.9
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