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ABSTRACT 
 
EPPrePMex is a tool for real-time rainfall estimation, calibrated for the Mexican territory and based 
on satellite imagery. This tool has been developed at IMTA (Mexican Institute of Water 
Technology). In 1991, the IMTA’s offices in Cuernavaca, Mexico initiated a research program 
aimed at providing monitoring of rainfalls for Mexico by remote sensing systems.  
 
The goal of the present document is mainly to discuss several topics related to the theory and 
practice of the rainfall estimation system EPPrePMex. It concludes with the evaluation and 
analysis of operational results, and possible developments.  
 

1. INTRODUCTION 
 
The occurrence of tropical cyclones, tropical waves and mesoscale convective systems are the 
cause of considerable damage to life and property in coastal areas of Mexico (Rosengaus and 
Sánchez-Sesma, 1989). All these meteorological systems generate intensive rainfall which 
produce floods, causing damage in extensive areas.  
 
For instance, in 1988, the tropical cyclone Gilbert produced extended rainfall over the NW Mexican 
Sierra, creating water runoffs that, helped by steep terrain conditions, produced flash-floods with 
the lost of 200 lives and important damages in properties and infrastructure (Rosengaus and 
Sánchez-Sesma, 1989). In order to prevent this kind of disaster, without incurring excessive costs, 
hydrologists require remote sensor monitoring system of rainfall fields. 
 
 
2. BACKGROUND  
 
Adler and Mack (1984), presented and tested a one-dimensional model of a convective growing 
cloud. Later, using this model, Adler and Negri (1988), presented a procedure to estimate rainfall 
using GOES satellite imagery, named Convective and Stratiform Technique (CST).  
 
A fluid and thermodynamic model that takes into account the evolution of convective processes as 
the CST does is certainly valuable. Although this model is one-dimensional, the calibration test 
over the Florida area showed excellent results. Later, after a comparison with other techniques in 
other areas, a generalized use has been proposed (Lyles, 1990). 
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The application of the original CST and the adapted CST-TC techniques required development of 
the following capabilities:  
 
• Georeference (navigation) of GOES imagery,  
• Verification of the radiation counts and cloud top temperatures relations.  
• Detection of the convective centers of activity 
• Detection of cirrus cloud type 
• Detection of the stratiform rainfall conditions 
• Assignment of  rainfall for convective and stratiform clouds. 
• Calibration of the CST 
 
 
3. THEORETICAL BASIS  

3.1 Georeference and transformations 
 
Georeference is a subject of utmost importance, since it provides a correspondence between an 
image pixel and its geographical location. There would be no use in knowing the rainfall in a given 
pixel if it was not possible to locate it physically on the Earth. 
 
Geostationary satellites are located on the equatorial plane at a distance in the order of thousands 
of kilometers, having a circular orbit around the Earth, with an angular velocity equal to the Earth's 
rotation. In practice, deviations can be found, but it is always possible to find a point on the Earth 
(longitude and latitude) located on a line going from the Earth’s center to the satellite. 
 
Figure 1 shows a part of a GOES-IR image located above the Earth´s globe that shows the 
capacity to transform Earth to image, or image to Earth coordinates. In this figure the Earth is seen 
from a point located on and outside the equatorial plane. 
 

 
 

Figure 1.  A GOES-IR image mounted over the terrestrial globe, showing the earth-image/image-
earth coordinate transformation capabilities of the EPPrePMex system. 
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3.2 Radiation - Temperature, R-T 
 
NOAA has proposed a linear relation for the top cloud temperature and the GOES satellite 
registered radiometer level.  
 
In order to check the validity of this proposed relation, we analyzed radiosonde data and GOES-IR 
images to estimate the top cloud temperature and the level of radiometer corresponding to the 
radiosonde site and time of launching, respectively. The figure 2 shows the process of verification 
of the proposed R-T relation. In the upper part of this figure, the collected pairs of values R-T and 
the relation proposed were drawn. Most of the points show greater temperature than the 
correspondent to the linear R-T relation recommended by NOAA.  
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Figure 2.  A verification of the radiation-temperature relation recommended by NOAA. Using 
GOES-IR image and a radiosonde graph corresponding to the same time information of the top 
cloud for radiation and temperature. 
 
These results illustrate that the proposed R-T linear expression can provide us with the minimum 
temperature for a given radiometer value. For that reason, the R-T recommended linear 
expression could be considered valid only for the nucleus of convective storms.  

3.1 Convective and Stratiform Technique, CST 
 
The CST consists in the detection of convective, non convective and cirrus clouds and assigning 
them an area and a rainfall intensity. 
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Detection of convective clouds are made by locating the local minimum temperature which must be 
lower than 253°K. Once a convective storm is located, it is considered that its rainfall intensity, rC 
[mm/hr], is: 
 
rC  =  rC0  - rC1 TC
 
in which rC0 and rC1 are coefficients that were calibrated by the authors at 74.89 and 0.266 [1/°C], 
respectively, while TC it is the corrected temperature, depending on the relative minimum TMIN: 
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The area affected by this storm, AC, is: , in which A   =  e C
(A  - A  Tc)C C0 1 AC1 and AC0 are coefficients 

that were calibrated by the CST authors at 15.27 and 0.465 [1/°C], respectively. In figure 3, the 
vertical and horizontal cross sections of a convective storm are shown. Rc and Ac are indicating 
the rainfall intensity and horizontal area for convective storms. 
 
The next step is assigning rainfall, RN, (2 mm/hr in the authors work) corresponding to non 
convective rain in the proximity of the storm, whose area AN  is considered the zone where the 
temperature is lower than the average in an area of 40 Km around the storm. 
 
Finally, the rain corresponding to cold cirrus is assigned by estimating a rainfall of RR. A pixel in the 
image is considered to be cirrus when the average temperature TP of the neighboring pixels, in 
relation to the temperature T of the pixel in question, is:   TP   <  0.568 (T - 217 ), and it is 
considered a cold cirrus when its temperature is 30 °K lower than the maximum storm temperature 
(253 °K). The total area occupied by cold cirrus is AR. 
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Figure 3.   Vertical and horizontal cross sections of a convective storm. 
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4.  ADAPTATION OF CST FOR MEXICO 

4.1 Numerical Considerations 
 
The purpose of the calibration is to find the coefficients that best reflect the actual phenomenon. 
Adler and Negri found the previously presented coefficients for a specific zone, though it is very 
likely that for the Mexican (or any other) territory, different values would yield better estimates. 
Furthermore, it is possible to calibrate these coefficients for different regions, like basins or 
geographical zones (coasts, mountains, etc.), or for determined combinations of regions. 
 
The rain flow in a given region (in m3/hr) is the sum of contributions of three types of rain, 
 
Q  =  R  A   +  R  A   +  R  A   C C N N R R
 
where the areas AN and AR are known upon processing the image.  

4.2 Calibration Method 
 
As a first approximation, it could be assumed that the storm area estimate is correct, so only 
intensity coefficients need to be adjusted. Mesoscale storms are considered when the spot area 
(with minimum relative temperature) is greater than twice the area AC of a storm at that 
temperature.  In this case, a grid of adjacent storms is assigned and the rain flow in a region 
(m3/hr) can be written as: 
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where subscript S, indicates the storm summation. After processing an image, each pixel can be 
assigned with the type of rain: convective, non convective or cirrus. In the first case, the 
temperature associated with such storm is also stored. Once all the images for a specific day, have 
been processed and spaced in time at an interval ∆t, the accumulated volumes for that day can be 
expressed (over each region) as: 
 

( )V  = R  S   + R  S   +  R  A   +  R  A tC C I C C I N NI R RI
I

0 0 1 1∑ ∆  

 
This volume, is determined from meteorological stations data, which consists of daily accumulated 
rainfall. But since this information is punctual, the accumulated volume over a region is obtained 
through an integration with 2-D interpolations. From the previous equation, it is clear that a 
minimum of 4 days is required to calculate coefficients RC0, RC1, RN and RR for each region. 
However, if the regions are subdivided and classified, less days are required and the reliability of 
the calibration increases. 
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5. OPERATIONAL IMPLEMENTATION OF THE EPPrePMex SYSTEM 
 
PCT, the precursor of the current system, performed image processing solely on hurricanes and it 
was implemented on MS-DOS for PC. After widening its capacities, EPrePMex emerges, also on 
MS-DOS but with a version for Silicon Graphics workstations. Later, a migration to Linux was 
unavoidable, with output to a web page. In the current version, the characteristics of the system 
were further widened in order to also handle forecasts, so the name changed to EPPrePMex. For 
its design, different factors to facilitate the configuration of its operation were considered, such as 
like image characteristics, georeference, the “gamma” employed, coefficients for rain estimation, 
etc. This enables us to obtain a very versatile system.  
 
All the system components were developed in ANSI compliant C, due to this particular language 
power added to the portability characteristics. Specifically Borland C++ 4.0 was used for the PC 
platform and the Iris C compiler (using the gl library) on workstations. On Linux, the language gcc 
was used. A general purpose library developed by Marco Antonio Sosa Chiñas was also used: it 
consists in a basic data base engine, graphical user interface and numerical methods.  

5.1 Application of the EPPrePMex System 
 
The EPPrePMex products consist in intensity images, accumulation images for different periods, 
average rainfall and precipitation volume for regions, accumulation average around specific points 
and on a predetermined grid. These processes are illustrated in figure 4. 
 
 

CBA
Figure 4.   Source images (A), pseudo images for rainfall intensity (B), and accumulated rainfall 
(C). 
 
 
Accumulation is done, as discussed previously, generating intensity and accumulation pseudo-
images, from which different products can be obtained, such as the images themselves (for 
visualizing) and useful reports on text files. 

5.2  Storm Detection and Rainfall Estimation 
 
These processes, based on the Adler-Negri method, have required that the following steps be 
implemented: 
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1) Storm detection. A spot can be considered as a relative minimum if it is surrounded by greater 
temperatures. Furthermore, if its temperature is lower than 253 °K, it is considered as a storm 
and is added to a storm list.  

 
2) Storm rainfall estimation. Depending on the region where they are located, the calibrated 

coefficients are used to calculate the storm intensity and area. If the spot area is greater than 
the calculated one, it is considered a mesoscale storm, in which case a grid of storms is 
accommodated within the spot. Each pixel area can be calculated, so for small areas predefined 
bit masks are used.  

 
3) Non convective rainfall estimation. It is considered that in cold clouds around the storms, non 

convective rain is presented. For each storm, a rectangle is defined with an approximately 40 
Km. margin from any pixel of the detected spot. Pixels inside this rectangle whose temperature 
are lower than a predetermined value, are assigned with a uniform rainfall intensity, which 
depends on the calibrated region.  

 
4) Rainfall from cold cirrus. Pixels labeled as cirrus, and whose temperature is lower than a 

predetermined value, are assigned a uniform rainfall intensity, which also depends on the 
region.  

5.3  Accumulation 
 
Rainfall intensity images may be interpreted as photographs where we can see how intense is the 
rain activity at a given moment. Nevertheless, it is of greater interest to know how much has rained 
in a given period. For this purpose an accumulation is done, which is obtained by time integrating 
the intensities obtained from processed images, for each point in particular. 
 

dcba

r

t  
Figure 5.  Trapezoidal integration. 

 
The trapezoidal integration method is applied, since an image is expected every 30 (or possibly  
15) minutes. Consider figure 5, where this calculation for a given point is shown. In this example, 
the intensity r is known for 4 different times t, corresponding to the 4 processed images (a, b, c 
and d). The calculation is very simple since between two contiguous values, the area is equal to 
that of the rectangle of equal width (time) and the average height (or rainfall intensity, r):  
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5.4  Automation 
 
Especially for UNIX workstations, which have a multitasking and multi-user operating system, net 
communicated and sharing files, it is possible to assign to one of them the compliance of 
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EPPrePMex routine tasks. This, under the assumption of an unchanged georeference in all 
images. 
 
At the Mexican Weather Service (MWS) upcoming images are stored in a directory in one 
particular node, which is then remote mounted (seen as local) on every machine on the net.  
 
The EPPrePMex normal operational process is: a) When necessary, edit the newly received 
image, b) process the image, generating a pseudo image of estimated rainfall intensity, c) When 
an image with new synoptic hour is processed, accumulate 3 hours with the processed images. An 
accumulation image is generated, and from it the products (discussed later in this document) are 
obtained, d) Backup and purge files. 
 
For all these purposes, it was necessary to implement batch oriented programs, i.e. without user 
intervention. These programs take input from the command line and files. Errors and statistics are 
sent to standard output, which on UNIX can be redirected to a log file. 
 
The programs that generate the outputs, are also batch oriented. Automation was easy, since the 
image file naming convention at MWS includes the date and hour to which it corresponds. 

5.5 Web Site (http://nimbus.imta.mx) 
 
The operational system generates a web site displaying its results almost in real time. There are 
programs to produce GIF or PNG images of the rainfall accumulation maps (1, 3 and 24 hr). There 
is also a program to generate a rainfall intensity map (instantaneous), as well as animated images 
of the most recent 3 hr period. 
 
The web site consists of several pages, with a brief description, and a “Products” page. This 
page displays the most recent 3 hr maps and 24 hr accumulation maps ending at 12:00 and 15:00 
GMT. For each accumulation, there is a report for about 1000 selected points, corresponding to 
MWS raingage stations. The latest processed image is shown, indicating rainfall intensity, as well 
as the 3 hr animation. 
 

6.   RESULTS,  COMPARISONS AND EVALUATIONS 
 
Raingage measurement and estimate values have been compared during some important isolated 
events. However in order to get a better understanding of the EPPrePMex performance, a high 
volume and continuous evaluation was carried out. 1997 through 2000 EPPrePMex estimates with 
a general calibration were already available, and 24 hr raingage data for the same period were 
obtained. Due to satellite eclipses and other failures, days having less than 42 satellite images or 
image discontinuities greater than 2.5-hr, were discarded. Two methods were used, point to point 
and regional evaluations. 

6.1  Point to Point Evaluation 
 
The first stage of the evaluation process was a localized one. In this case, a 2D interpolation with 
raingage data was done within a 7-km radius from each station, and then averaged. EPPrePMex 
can produce reports for estimates around given points (average, minimum, maximum, etc.), with 
specified radius. Comparison was made for all available stations for each day. 
 
Figure 6 shows the number of stations taken into account for this analysis every day, as well as 
days included in the comparison. It can be seen that beside image reception failures, there are 
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important discontinuities in March-April and September-October due to satellite eclipse. The total 
points included in the comparison were 476,504 for an average of 862 stations in 553 days. 
 

 
 

Figure 6.  Number of stations included in the comparison. 

 
Figure 7a shows a direct estimate vs. gage comparison of all points. At this point, it can be 
mentioned that Adler-Negri algorithm development was based on convective storm physics. This is 
the reason for figure 7b, showing points only in the rainy season, June through October. Although 
dispersion is considerable in both figures, it can be seen that heavy rain is normally detected by 
EPPrePMex, that there is an overestimation tendency, and that underestimation is less in the rainy 
season. 
 
In figure 8 a daily correlation factor is presented. A mark represents the correlation obtained for all 
included stations in a given day. Magenta lines are monthly averages and green lines are also 
monthly averages but for the 4-year period. It can be appreciated how there is a poor correlation  
in the dry season or winter rains (even negative), in contrast with an average of about 0.4 in the 
rainy season. There were more than 20 days having a correlation factor above 0.6, reaching 
almost 0.8. This can be considered as a satisfactory result, as estimates were obtained with a non-
region-based calibration, as well as the comparison itself. 
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Figure 7.  Point to point estimate vs. gage: (a, left) all points; (b, right) only June through October. 

 

 
 

Figure 8.  Point to point evaluation: Daily correlation factor.  Horizontal lines indicate monthly 
average values. 
 
An interesting comparison is presented in figure 9, where EPPrePMex efficacy is related to rain 
vigour, the later being calculated with a simple raingage average of all stations in a given day. It 
can be appreciated that, in general, the heavier rains are the better estimates. 
 
In this study, performance statistics was analyzed through several histograms. All of them include 
every point in the June-October period for the 4 years. The most relevant ones are presented here. 
The pie diagram in figure 10 shows the relative occurrence of four possibilities, whether rain was 
registered and estimated, or not. Raingages with no rain detected represent 63%, from which two-
thirds of the EPPrePMex results agree (white slice), while for the remaining third the algorithm 
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estimated some rain (horizontal pattern slice). This was expected due to the algorithm limitations. 
A great number of zero rain estimates appear due to the absence of clouds, but also in the case of 
the low altitude clouds. On the other hand, in the remaining 37% where raingages registered some 
rain, the EPPrePMex results agree in a proportion of almost 84% (cross pattern slice), while zero 
rain estimates only agree with gage measurements in a proportion of 16% (vertical pattern slice). 
 
 

 
 

Figure 9.  Point to point evaluation: Daily correlation factor vs. raingage average. 
 

 
 

Figure 10.  Point to point evaluation: Classification by rain or no-rain. 

 
The later case is the most undesirable deficiency, but it only accounts for 6% of the total. This 
failure is mostly due to winter (cold front) and orographic rainfall, but it may also be due to 
undetected short lived storms. On the other hand, the opposite case where rain was estimated but 
not detected by raingages (21%) is not as serious, from an emergency point of view, and it is due 
to original algorithm limitations, which can be improved as described later. On the portion of data 
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where raingages registered some rain and EPPrePMex also estimated rainfall (square grid slice in 
figure 6.5, 31%), a more detailed analysis can help in understanding where the method fails most.  
 
Figure 11 shows the relative occurrence with a classification of detected rain intensity (less than 10 
mm, 10-20 mm, 20-50 mm, 50-100 mm, 100-200 mm, and over 200 mm) and 
estimate/measurement ratio (less than 25%, 25-50%, 50-80%, 80-120%, 120-150%, 150-200% 
and over 200%). Figure 11a shows the full-scale graph, while figure 11b shows a zooming. 
 

(a) Full scale (b) Zoom
 

Figure 11.  Point to point evaluation: Occurrence classified by rain levels and 
estimate/measurement ratio. 

 
In this figure, a gray tone is assigned for each estimate/measurement ratio range, and it can be 
appreciated how the biggest problem is overestimation, especially on light rains. Beside the high 
overestimation ranges, there is a slight trend to have a relative maximum on the best 
estimate/measurement ratio range (80-120%). 

6.2  Regional Evaluation 
Besides point to point evaluation, the EPPrePMex performance was evaluated according to  
regions. This evaluation was based on the average 24 hr waterbearing stratum, in each of the 79 
hydrological sub-regions, as established by CNA (Comisión Nacional del Agua). Such sub-regions 
were approximately digitized by polygons, in a way that EPPrePMex could be fed. Figure 12 shows 
the regions in dark grey and sub-regions in light grey. 
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Figure 12.  Regions for evaluation. 

 
EPPrePMex can produce average waterbearing stratum for given polygons for estimates, but also 
for registered values. In the last case, an interpolation is required and the algorithm is based on the 
Delauney triangularization and a distance-weighted average. This method produces smooth 
surfaces, containing the original input points. 
 
For evaluation purposes, the interpolation is restricted to a certain distance (20 kms) from each 
input point. Maps can be obtained through a satellite transformation, in order to facilitate 
comparison. An example is shown in figure 13. 
 

 
Figure 13.  Raingage generated map. 
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This kind of map reserves a pixel value to indicate “no data”, as seen in gray in figure 6.8. Large 
areas with no data can be appreciated, and extending the interpolation further more would result in 
an unreliable comparison. Of course, such comparison must be done in the same conditions for 
both estimates and measurements. For this reason, pixels with “no-data” were discarded in the 
average waterbearing stratum, from both maps. This situation is shown in figure 14, where the 
State of Yucatan is used as a region for explanation purposes. Each map can be described as 
follows: 
 
a) Raingage generated map. A dotted mask distinguishes no-data area. Rain interpolation is 

shown with a black to white palette.  
b) EPPrePMex estimate, for exactly the same region. 
c) Raingage generated map with clipping mask for the selected polygon. Outside area is filled 

with a dotted mask. 
d) EPPrePMex estimate, after applying “no-data” and clipping masks. 
 
The average calculation method is based on maps (b) and (d), using exactly the same pixels on 
both maps, for each polygon, and this for each day in the analysis period. From this we can 
observe that, in general, coverage is not always 100% of the pixels. 
 
A program was developed in order to compare average waterbearing stratum in a raingage 
generated map with the corresponding satellite estimated one. Comparison is done for each 
specified polygon, including only pixeles with interpolation (without the “no-data” value), and results 
include coverage in each case. 
 
Another program to obtain statistics from this information was also developed. For each polygon, 
identified by its basin and sub-basin numbers, mean analysis coverage, included days, bias 
correction coefficients (C0, C1), correlation factor, and RMS errors for both original and bias 
corrected estimates. Bias corrected estimates are calculated as EC = C0 + C1 * EO, where EC is 
the corrected estimate and EO the original one.  
 

(a) Raingage generated map. (b) EPPrePMex satellite estimation.

(d) EPPrePMex satellite estimation with “no-data”
and clipping masks.

(c) Raingage generated map with clipping mask for
the selected polygon.  

Figure 14.  Measurement and estimate comparison method over a region. 
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Statistical results from this program are considered highly satisfactory. Several points arise from 
these results:  
 
• Mean coverage is slightly higher than 1/3;  
• The average correlation factor is above 0.55, reaching almost 0.79 in the Lerma Santiago basin 

(central Mexico); 
• Bias correction established estimates must be affected with a shorter coefficient (with an 

average of about 1/6), C1, due to the expected overestimate. 
• The original RMS error is about 18 mm (reaching 35%), but after a bias correction, the error is 

reduced to 25% of the original. 
 
These results are significantly better than those obtained in the global Point to Point Evaluation, as 
the regional behavior of EPPrePMex is more consistent.  
 
Several plots were also prepared. Figure 15 shows the number of polygons whose correlation is in 
different ranges, where it can be seen that about ¾ of polygons have correlation factors between 
0.4 and 0.6, and that only about a tenth have a correlation factor less than 0.3. Figure 16 shows 
how drastically the mean RMS error is reduced by bias correction, from having no polygons with 
an error of 3 mm or less in the original estimate, to over 60% of polygons in this lower range. 
 
 

 
Figure 15.  Regional Evaluation. Polygon frequency over different correlation factor ranges. 
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Figure 16.  Regional evaluation. Polygon frequency over different error ranges, original (magenta) 
and bias corrected (green). 

 
Figure 17 shows the mean coverage in each region, where blue is the highest (100%), 
successively lighter blue tones represent lower values, reaching white for the lowest (0%+), and 
white for no-data (not even a single pixel in one day). There are 2 regions with no data. 
 

 
Figure 17.  Regional evaluation: Mean coverage map. 
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Figure 18.  Regional evaluation: Correlation factor map. 

 
Figure 18 is one of the most important, as it shows the correlation factor of each region. We can 
confirm that the correlation factor is good in general, and that the lowest values are in NW Mexico. 
It can also be appreciated that the highest correlations are obtained in important basins, like 
Balsas, Lerma-Santiago, Panuco and Papaloapan, as well as in the Yucatan peninsula, south of 
Oaxaca, and even in Southern Lower California. It is worth noting that, in general, higher 
correlation is obtained with higher coverage, as in the case of Lerma-Santiago. 
 
 

 
Figure 19.  Regional evaluation: Original RMS error map. 
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Figure 20.  Regional evaluation: Bias corrected RMS error map. 

 
Finally, figures 19 and 20 show the RMS error, the original and the bias corrected estimates, 
respectively. In the former, it is clear that the highest errors are obtained in the Pacific coast and in 
the Tehuantepec Isthmus. With bias corrected estimates, errors are significantly reduced, as seen 
in figure 20, even with the scale reduced to a half, shades are lighter, but we find the highest 
values still in the Tehuantepec Isthmus, and in a northern sub-basin of the Rio Bravo (Grande).  
 

a) Region with best correlation factor (0.7868) a) Region with worst correlation factor (0.0170)  
Figure 21.  Bias corrected estimates compared to raingage for 2 regions. 

 
Figure 21 displays evaluation details of a single polygon for only two cases: the best and worst 
correlation factors, in figure 6.16. A similar plot is obtained for each region, where bias corrected 
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estimate is compared to raingage data, in the 4-year period. Underestimation and overestimation 
standard deviations are also shown with parallel lines, for 4 ranges: 
 

 Less than 2 mm; 
 Between 2 and 4 mm; 
 Between 4 and 8 mm; 
 Higher than 8 mm; 

 
We analyzed the 2002 season alone in order to compare it with the 1997-2001 period. Just like in 
the 1997-2001 evaluation, days having less than 42 satellite images or image discontinuities 
greater than 2.5-hr were discarded. The total of days was 134: the whole months of May and July, 
28 days for June and August, and 16 days in October. A comparison was made by region, the 
same way as explained in section 6.3.2, with both original and bias corrected estimates. For bias 
correction, coefficients from 1997-2000 statistics were used. 
 
First, a correlation factor comparison was made. Figure 22 shows correlation factors for each 
region (except two with no data) with both the already discussed 1997-2000 analysis 
(discontinuous bar) and the 2002 season (continuous bar). Here it can be seen that, in general, 
both factors are similar and even better in many of them, confirming the technique’s consistency. 
 
Figure 23 shows RMS errors in a similar fashion, but including the original and bias corrected 
estimates in both cases: the 1997-2000 analysis and the 2002 season. It is worth noting that the 
bias correction is calculated using coefficients obtained with the data coming from the first period 
(1997-2000 statistics) for both cases. Errors are similar in both cases, for the original and corrected 
estimates. This fact is most important, as it demonstrates that bias correction can be extended to 
real time operational products. 
 

7. CONCLUSIONS AND COMMENTS 
 
We have implemented, calibrated and operationally evaluated the CST (Adler and Negri, 1988) for 
Mexico. The results show that, in general, EPPrePMex gives an overestimation of the rainfall field.  
 
We have realized systematic comparisons for daily rainfall estimations over Mexico, and have  
presented the comparison for the 1997-2001 summer seasons. The average absolute error has 
changed from 50% in 1992, 35 % in 1996, to 28% in 1997-2002, and we expect to reduce its value 
in the near future.  
 
In order to improve our system, several modifications are planned: a) Calibration for different 
regions, season and kind of storms, b) A joint use and calibration of satellite and radar images, c)  
Dynamic study of storms, and d) Real time calibration with microwave and other kind of sensor 
data from low orbit satellites. 
 
Therefore, with these encouraging results, we conclude that the hydrological application of the 
operational results of the EPPrePMex system is an option that should be considered. 
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Figure 22.  2002 Season Analysis: Correlation. 
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Figure 23.  2002 Season Analysis: RMS error. 
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