Design of a flash flood forecast model for the Shullcas River subbasin, Peru
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( Abstract: The objective of the present work is to develop a statistical model to estimate variations in daily discharge in the Shullcas River subbasin (Huancayo-Peru), using satellite estimations of precipitation (Hydro-estimator Technique and the Convective Stratiform Technique) that could be used in real time, with hourly satellite rain estimates, to make short term flash flood predictions and provide warnings. Here we present some initial results on the validation of the precipitation estimates in the Shullcas River subbasin. We first validate the satellite estimations. The work compares the estimated discharge with measured discharge and rainfall to determine the technique that best reflects hydrologic and meteorologic data.
1 Introduction

The rains in the Central Andes of Peru according to the Climatic Atlas (IGP 2005), are well defined by a rainy period from January to March and dry from June to August. A study made by Segura (2006) using the technical Hydro-estimator (Vicente et al., 1998) for Mantaro river basin, has shown that the significant rainfall begin in October, is increased until arriving at his maximum value in February, soon the March and April diminish (Figure 1), that agrees with the Climatic Atlas (Figure 2). According to this study three zones of greater precipitation estimated by satellite have been identified, in the northwestern part, southwestern and southeastern and of smaller precipitation in the zone of the valley (Figure 3), this agrees with the Climatic Atlas (Figure 4).
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	Figure 1: Monthly average of the rainfall from satellite (Segura 2006)
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	Figure 2: Monthly climatology of the rainfall from Climatic Atlas (IGP 2005)
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	Figure 3: Annual average of the rainfall from satellite (Segura 2006)
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	Figure 4: Multiannual average of rainfall from Climatic Atlas (IGP 2005)


In the study made by Fashé (2005), the monthly rainfall estimated from satellite images GOES
-8 on Peru during the summer season, were compared with the estimated by the TRMM
. The correlation between the estimated rainfalls using technique CST/TMI
 and the TRMM was 0.87 in the Peruvian Andes, for February of the 2002, with a mean deviation of +48.8% with respect to the average measurement by the TRMM. The monthly rainfall rate from satellite is show in the Figure 5.
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	Figure 5: Monthly rainfall rate from satellite for February of the 2002 (Fashé 2005)


2 Technique description

CST/TMI: This technique calculates digital values of minimum temperature in infrared images. This algorithm determines if these values have convective or stratifom characteristic and respectively assigns an amount of big or small rain in an area (Adler et al. 1988, Negri et al. 2002). 

Hydro-estimator: The technique of rain estimation by satellite was developed by Gilberto Vicente (1998) to produce automatically rain estimations for the U.S.A. It was developed in the National Oceanic and Atmospheric Administration/ National Environmental Satellite Data and Information Service (NOAA/NESDIS) and uses the infrared band (10.7(m) of the GOES satellite of space resolution 4x4 Km. The calculation is based on the potential law of logarithmic regression that is derived from statistical analysis between instantaneous rain estimation obtained with a radar in surface and cloud top temperature (T) derived from infrared band of the satellite. The estimation of the rate of rain (R, regression curve) (equation 1) is shown in Figure 6, is fit by the humidity, growth rate and temperature gradient factors (Vicente et al. 1998) and the parallax and orography factors (Vicente et al. 2002)
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Where:

R = Rainfall rate (mm/h) 

T = Cloud top temperature (K) 
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	Figure 6: Rainfall rate and Temperature 

GOES (Vicente et al., 1998)


3 Methodology

The study area is between the lengths 75.00ºW and 75.25 ºW and latitudes 11.88 ºS and 12.12 ºS (Shullcas River Subbasin) is shown in Figures 7 and 8. The period of study includes the summer season of 2001 and 2002
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	Figure 7: Mantaro basin (IGP 2005)
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	Figure 8: Shullcas river subbasin


The precipitation estimation techniques were implemented in Fortran 90, while the maps were made using Grid Analysis and Display System (GrADS). A 4X4 Km mask was generated for the Shullcas River Subbasin.

As an example, the precipitation estimates for January 22 2001, are shown for both techniques (Figures 9 and 10)
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	Figure 9: CST/TMI
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	Figure 10: Hydro-estimator 


4 Preliminary Results
The spatially averaged daily precipitation for the summer seasons of 2001 and 2002 has been calculated, for the subbasin. The correlation between both techniques is 0.4 (Figure 11). 

The correlation with station rainfall 
data is lower still (<0.3), which might be partly a result of the lack of representability of point-measurements of rainfall associated with the strong spatial variability of rainfall. This will be addressed by using observed river discharge data of rainfall, as this is a spatially-integrated measure of rainfall. 

However, there are also indications that perhaps the assumed relationship between cloud-top temperature and rainfall underlying the estimation techniques might not be adequate for this region. This possibility is currently under investigation.
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	Figure 11:  Scatterplot between rainfall estimated from CST/TMI and Hydro-estimator, summer 2001 y 2002.
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� Geostationary Operational Environmental Satellite


� Tropical Rainfall Measuring Mission


� Convective-Stratiform Technique/TRMM Microwave Radiometer
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