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RESUMEN

Se analizan 37 afios de datos climaticos con el objetivo de describir el comportamiento de la precipitaciény su
relacion con la temperatura en una regién productora de café en el estado de Veracruz, en particular en los
municipios de Coscomatepec y Huatusco. Se analizan las tendencias de los promedios anuales de la precipi-
tacion. Los promedios mensuales de precipitacion se relacionan con la temperatura promedio mensual para
emplear a la temperatura como un parametro Gtil para predecir las Illuvias intensas. Se ajustan distribuciones
gama a la precipitacion total mensual que permiten aproximar el calculo de probabilidades para intervalos
dados de precipitacion. Asi mismo se ajustaron distribuciones Gumbel a los valores extremos diarios para
periodos mensuales y a valores extremos mensuales para periodos anuales. Se analiza la relacién de la
precipitacion con el fendmeno de El Nifio Oscilacion del Sur (ENOS) encontrandose influencia causada por la
disminucion de la sequia interestival (canicula) en presencia de afios de Nifio.

ABSTRACT

We have analyzed 37 years of climate data to describe the behavior of the precipitation and its relation with
temperature in coffee farm areas in the central part of the state of Veracruz, particularly in the municipalities of
Coscomatepec and Huatusco. We analyze the tendencies of the annual averages of the precipitation. Monthly
averages of the precipitation are related with monthly averages of the temperature as useful parameters to
predict intense rains. Gamma distributions were adjusted to total monthly precipitation to approximate the
probability of given intervals. Gumbel distributions were adjusted to daily extreme values for monthly intervals
and to monthly extremes for annual intervals. The relation of the precipitation and the El Nifio/Southern
Oscillation (ENSO) phenomenon is analyzed. The influence of ENSO over the precipitation was found to be
significant and translated as a reduction of the midsummer drought.

Keywords: Veracruz, coffee farms, precipitation trends, probabilistic forecast, ENSO influence, extreme
precipitation values.
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1. Introduction

The utilization of forecast of climatic variables in planning activities in different sectors is becoming
more frequent as our understanding of some oceanic-atmospheric phenomena has improved in
recent years as is the case of the El Nifio or ENSO (EI Nifio/Southern Oscillation). Major research
centers are capable of producing reasonable forecasts of the EI Nifio phenomenon with six months
anticipation that are available to the public through their internet websites (National Center for
Environmental Prediction, Climate Prediction Center, International Research Institute for Climate
Prediction). This information can be very useful as the effects of this event on regional or local
climate can be estimated in order to anticipate their influence on different activities.

The impacts of EI Nifio in México, in general terms, are well known (Magafa, 1999; Escobar et
al., 2001). During El Nifio years winters carry more precipitation than normal particularly in the
north of the country where the cold season may also be intense. In contrast, during summer, the
precipitation is lesser and the temperature is higher than during normal years in most of the country,
accompanied by severe droughts that affect water availability and agricultural activities. These
effects are less masked in a strong EIl Nifio event.

Although the impacts of EI Nifio in México have been well described in general terms, its
effects at regional or local level are mostly unknown. Useful forecasts need this information to
make them applicable for productive activities such as agriculture.

The relationship between the temperature and the precipitation and how EI Nifio affects these
variables is explored in this work for a particular region in México where coffee is grown. This
paper describes the behavior of precipitation and its relation with the temperature measured at 8:00
h, local time, in a coffee production region in the state of Veracruz, in particular the municipalities of
Coscomatepec and Huatusco. The relationship between the precipitation and ENSO phenomenon
is also described.

An important factor in cultivating coffee is precipitation and a significant mater is its trend. A
systematic one, comes as a result of the global climate change, and could affect the conditions for
coffee development and its quality. The optimal precipitation for the Arabica variety, that is mainly
cultivated in the area, is between 1500 and 2500 mm per year with dry periods that favor the
blossom. Adequate annual mean temperatures are between 18 and 24 °C (Nolasco, 1985).

The 1992 Coffee Census (Consejo Mexicano del Café, 1996) reveals that in Veracruz 153,000
hectares are devoted to coffee production, involving 67,000 producers from 82 municipalities and
generating around 300,000 permanent jobs and 30 million daily wages each year (Gay et al., 2004).

The area of study is in the state of Veracruz, that is located in the central coast of the Gulf of
México. It limits to the North with the state of Tamaulipas, to the West with the states of San Luis
Potosi, Hidalgo and Puebla, to the south with the states of Oaxaca and Chiapas, and to the east with
Tabasco state and the Gulf of México. Veracruz has mountainous areas with a steep slope towards
the Gulf of México as could be seen in level curves of Figure 1. The study area is located between
18° 49" and 19° 48" N, and 96° 30" and 97° 13" W. The stations in that area are located at altitudes
from 311 to 1842 masl. The period of observation goes from 1961 to 1998.
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Fig. 1. Geographical position of the stations in central Veracruz state and
level curves of the area of interest.

2. The data

The analyzed data were taken from the ERIC Il (Quintas and Ramos, 2000) database. The
temperature measurements for Huatusco and Coscomatepec turned out to be not reliable as it is
shown later. It was then necessary to use the temperature measured at 8:00 h and the daily
precipitation from eight auxiliary neighboring stations. Their geographical positions are listed in
Table I and shown in Figure 1.

3. Results
3.1 Characteristics of precipitation in Huatusco and Coscomatepec
Annual means of the total monthly precipitation at Huatusco and Coscomatepec are shown in Figure 2.

Trends of precipitation at Huatusco and Coscomatepec are weak; the first is decreasing while
the second increases. The trends are not significant at 5% confidence level for both stations (—0.08
+0.31 and 0.16 + 0.34 mm/year respectively).

Figure 3 shows monthly averages of total precipitation for the whole period. The relative reduction
during August, known as the “canicula’ or midsummer drought, described earlier by Mosifio and
Garcia (1966), and by Magafia et al. (1999), is clearly illustrated. Table Il shows the monthly
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Table 1. Position of the stations located at the study area. A brief description of the locations is given.

N Latitude W Longitude Height masl.
Actopan Near the coast, at the foot of the Chiconquiaco mountain range

19° 30 96° 37 311
Animas Xal. East slope of the Cofre de Perote mountain

19° 32 96° 55 1399
Atzalan North slope of the Chiconquiaco mountain range

19° 48 97° 13 1842
CarrizalesE Z End of the slope of the Cofre de Perote mountain, a slope from

west to east that joins the mountain with the plain

19° 20 96° 30 174
Coscomatepec North slope of the Orizaba peak, it is an abrupt terrain

19° & 97° 3 1588
Huatusco At the slope of the Sierra Madre Oriental

19° 9 96° 58’ 1344
Jalcomulco The end of the slope of the Cofre de Perote mountain, at the end of a valley

19° 20 96° 45 360
Las Minas At the slope of the Cofre de Perote mountain

19° 41 g7° 8’ 1365
Naolinco At the slope of the Chiconquiaco mountain range

19° 3¢ 96° 52’ 1605
Narajal Fortin At the east slope of the Orizaba peak

18° 49’ 96° 57 697
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means (mm/month), standard deviation and coefficient of variation of precipitation in both locations.
These values are consistent with those obtained by Tejeda et al. (1989) for January, April, July and October.
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Coefficient of variation shows homogeneous values for months June, July, August and September
that correspond to the period of regular rains and shows no homogeneous values for the rest of
the year. This could be due because during those months the rains are stable and during the
rest of the year the rains are scarce and irregular.
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Table I1. Monthly means of precipitation (mm/month) and their standard deviation.

Station/Month Jan Feb Mar Apr May Jun Jul Aug Sep  Oct Nov Dec

Huatuscomean 53.9 47.8 499 795 1405 369.2 3482 306.2 3488 160.2 76.4 47.6
values

Stand. deviation 429 268 31.7 541 754 1357 1328 1227 1246 841 499 227

Coefficient of 0.80 056 0.64 068 054 0.37 0.38 0.40 0.36 052 0.65 0.48
variation

Coscomatepec 450 453 528 922 1350 3576 3356 2989 3340 1548 68.6 519
mean values

Stand. deviation 295 21.0 435 681 701 1229 1388 1027 1222 704 416 30.0

Coefficient of 0.66 046 0.82 074 052 0.34 0.41 0.34 0.37 045 0.61 0.58
variation

Average of the 516 487 511 813 1371 3609 3374 3123 346.0 161.0 699 523
two states
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3.1.1 Characteristics of the statistical distribution of precipitation in Huatusco and
Coscomatepec

Gamma distribution (Hogg and Craig, 1978; Wilks, 1995) is represented by the following formula:

fUFW (@)

b is a scale parameter, c is a shape parameter and I" is the gamma function. This theoretical
distribution was adjusted to monthly precipitation values for the 37 years of data for Huatusco
and Coscomatepec stations. Adjustments were satisfactory according to the chi square criterion
(Conover, 1980). There was homogeneity in the shape and scale values of the adjusted parameters
for the months of June, July, August and September and also during the months of November,
December, January, February, March and April, which correspond to the rainy and dry seasons
respectively. The months of May and October are considered of transition between precipitation
regimes and are considered separately. Table 111 shows the adjusted parameters.

Table I11. Scale and shape parameters for fitted gamma distributions.

Rainy season Dry season Transition stage
Huatusco
Scale parameter 47.65 26.69 53.10
Shape parameter 7.21 2.22 2.83
Chi square 4.43 4.24 5.48
Deg. of freedom 6 6 4
Significance 0.62 0.64 0.24
Coscomatepec
Scale parameter 45.96 29.95 39.75
Shape parameter 7.21 1.98 3.65
Chi square 9.25 3.49 2.52
Deg. of freedom 7 6 2
Significance 0.24 0.75 0.28

This probability distribution function allows to calculate the probabilities of occurrence of certain
ranges of the precipitation. Empirical probability distribution functions for the stations are presented
in Appendix.
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Gumbel distributions (Reiss and Thomas, 2001; Buishand, 1989; Wilks, 1995) were fitted for extreme
daily values (the greatest precipitation daily value) for each month of the two stations. Gumbel distributions
are frequently used to model extreme values and have the following density probability distribution:

f(x)=é*em*e-e[x“a] ¥

Where a is a location parameter an d is a scale parameter.

Table 1V shows location and scale parameters for Huatusco and Coscomatepec. In Gumbel
distributions the location parameter is equal to the mode of the distribution expressed in daily
millimeters of precipitation.

Table IV. Location and scale parameters for Huatusco and Coscometepec in the Gumbel distribution.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Huatusco Location 13.8 127 127 208 362 60.0 550 482 633 318 193 121
Scale 116 734 958 153 214 300 246 206 234 183 139 6.21

Coscomatepec Location 108 112 115 224 272 509 446 354 476 261 153 116
Scale 759 689 107 174 124 182 189 128 214 123 951 5097

As it was mentioned before the adjusted parameters are homogeneous for the rainy season. A
new Gumbel distribution was adjusted for the extreme values of the rainy months and for each
station. This procedure allow us having more data for the adjustment considering the months of the
rainy season as a replication of a rainy month. Figure 4 shows the fitted Gumbel curves to the
extreme values during rainy and dry seasons.
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Fig. 4. Fitted Gumbel curves to the extreme values during rainy and dry seasons for monthly periods for
Huatusco (left) and Coscomatepec (right. Notice the small secondary maximum to the right of the histograms.
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Location and scale parameters for Huatusco and Coscomatepec are shown in Table V for the
entire sets of rainy and dry seasons. The fitting was acceptable using the chi squared criteria.

Notice in Figure 4 the small secondary maximum to the right of the histograms that represents
the highest precipitation during the 37 years study period. These values could represent a second
mode of the extreme precipitation distribution caused by a different physical phenomenon like
hurricanes that landed in points near the area of study. There were five daily precipitation values
between 160 and 180 mm/day in Huatusco and five daily values between 120 and 160 mm/day.
This information could be used for risk assessments and for prevention of damages caused by
intense precipitation during daily periods.

Table V. Location and scale parameters for Huatusco and
Coscomatepec for the entire sets of rainy and dry seasons.

Huatusco Location 56.2
Scale 25.3
Coscomatepec Location 440
Scale 186

Gumbel distributions were adjusted to each year extreme values, adjustment parameters and
graphs are shown in Figure 5 and Table V1. Adjustments are not rejected at 0.05 confidence using
chi square test.
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Fig. 5. Gumbel distributions for Huatusco (left) and Coscomatepec (right) fitted to extreme yearly
values of 37 years of data. Notice the small secondary maximum to the right of the histograms.
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Table V1. Location and scale parameters for the Gumbel distribution
fitted to extreme yearly values to 37 years of data.

Huatusco Location 96.4
Scale 29.7
Coscomatepec Location 734
Scale 195

These fitted functions permit the calculation of probabilities of extreme dangerous daily
precipitations during a month or a year. Tables VII and VIII are numerical calculations for the
probabilities for precipitation grater than X extreme values expressed in mm.

Table VII. Probability of greater daily extreme precipitation during a month of the rainy season.

Precipitation x (mm) Huatusco (a=56.2,b=25.3) Coscomatepec (a=44,b=18.6)

> 90 0231 0.081
>100 0.162 0.048
>110 0.112 0.028
>120 0.077 0.017
>130 0.053 0.010
>150 0.024 0.003
>175 0.009 0.001
>200 0.003 0.000
>300 0.000 0.000

Table VIII. Probability of greater daily extreme precipitation during a year in the rainy season.
Precipitation x (mm) Huatusco (a=96.4,b=29.7) Coscomatepec (a=73.4,b=19.5)

> 90 0.716 0.347
>100 0.585 0.226
>110 0459 0.142
>120 0.349 0.088
>130 0.259 0.053
>150 0.136 0.019
>175 0.058 0.005
>200 0.024 0.002
>300 0.001 0.000

Also in Figure 5 there are small secondary maximum to the right of the histograms that represent
highest precipitation during the 37 years study period. As mentioned earlier these values could
represent a second mode that is clearer in Huatusco.
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The extreme precipitation values are dangerous, especially above 130 mm; when this value is
reached, the civic protection authorities issue a ‘““declaration of emergency’. These were the
cases of torrential rains from 1-3, May, 2004 and from October 31, to November 13, 2003 (reported
in the Diario Oficial de la Federacién, 2003, 2004).

3.2 The relationship between precipitation and temperature

The relationship between precipitation and temperature could be used for predicting precipitation
using the conditional function of probability distribution. Figure 6 shows monthly-cumulated
precipitation versus the monthly means of temperature. This figure shows that there is a threshold
of temperature under which precipitation values bellow 100 mm/month does not occur. Since the
temperature is not reliable for Huatusco and Coscomatepec, the data of eight auxiliary stations
were used for comparative purposes. Examples of this behavior are shown in figures 7 and 8
(Actopan and Jalcomulco). Some stations like Atzalan, shown in Figure 8, do not show this threshold.
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Figures 6 and 7 show that precipitation greather than 200 mm/month in Actopan and Jalcomulco,
occurs only for temperatures above 20 °C. In the case of Atzalan this sharp contrast is not clear
and precipitation above 100 mm/month can occur at farther low temperatures (8 to 9 °C). In fact,
precipitation above 100 mm/month in respect to the incoming winds of the gulf coast, as is shown in
Figure 1, could be the reason for the differences in precipitation vs. temperature behavior among
stations.

In Atzalan the precipitation is larger in comparison with Actopan and Jalcomulco, this may be
because Atzalan is very high and exposed to the North winds that cause precipitation above 100
mm/month.

The value of the threshold of temperature is not constant for all stations that show it. The
temperature threshold is lower as the altitude of the station increases (Fig. 9), as could be expected
due to the reduction of temperature with the altitude.

This behavior of temperature and precipitation suggests that values of temperature above certain
thresholds could be used in the probabilistic forecast for strong precipitation and compared with a
probabilistic forecast made with the rainy season (June, July, August and September). We selected
those months with monthly mean temperature higher than the threshold for locations where this
behavior is present. Using those months we constructed the empirical functions of probability
distribution (EFPD) (Conover, 1980) for each location. The season of the year can also be used to
predict precipitation, and then EFPD were also calculated for the months of the rainy season.
These functions are shown in Appendix. The combination of both criteria can be used to calculate
the EFPD for the months that have temperatures greater than the threshold during the rainy season.
We also calculated the EFPD for the total rainy season. The combination of temperature and
season of the year are better than any single criterion because is more restrictive than the individual
ones.

The use of EFPD allows calculating the probability of occurrence of any interval of precipitation
using the mentioned criteria of temperature and/or season of the year. Using data of Appendix it is
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possible to calculate the probability of a given precipitation during a month or during the entire rainy
season. The calculated values are in accordance with the probabilities obtained by Tejeda et al.
(1989) in the area of study.
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3.3 Precipitation and ENSO phenomenon relationship

Most of the meteorological parameters show seasonal variation. Then, when a correlation coefficient
between two monthly means of meteorological parameters is obtained they will show a certain
level of association, even though there is not a real relationship between them. The same effect
occurs when both variables show trends. To eliminate the seasonal variation it is possible to average
a seasonal period. As we mentioned earlier, Huatusco has a non-significant decreasing precipitation
trend in yearly mean values and the Multivariate ENSO Index (MEI) (Wolter, 1987; Wolter and
Timlin, 1998) shows also a significant increasing trend. Being this so, the correlation coefficient
between them should be negative, however, the calculated correlation coefficient is 0.42, that is
significant. Eliminating trends in both data series the correlation coefficient is 0.47. We calculated
the correlation coefficient between the MEI series including its trend, and the de-trended precipitation
series obtaining 0.46. Those values suggest a relation between precipitation and MEI in Huatusco.
Years with larger MEI values have more precipitation.

Yearly means in Coscomatepec do not have significant precipitation trends. The correlation
coefficient of yearly means of MEI with yearly means of precipitation was 0.36 and with de-
trended MEI was 0.35. This suggests also that precipitation increases when MEI increases.

Huatusco and Coscomatepec were the only two stations with significant correlation coefficient
for the MEI. Table 1X shows the correlation matrix of the MEI and precipitation yearly means for
auxiliary stations.
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Table IX. Correlation matrix of the MEI and precipitation yearly means for auxiliary stations.

Actopan Animas Atzalan Carrizales Huatusco Cosco- Jalco- Las Minas NaolincoNaranjal
matepec  mulco

-0.11 0.15 -0.25 -0.17 0.42 0.36 0.02 -0.17 0.22 0.16
Italics indicate statistically significant values at 0.05% confidence.

Another way to eliminate the seasonal variation is to classify observations in months, and calculate
correlation coefficients for each month. Note that these 12 series could have trends that could be
eliminated assuming linear trends. Table X shows the significant values of the de-trended correlation
coefficients for Huatusco and Coscomatepec using numbers 1 or —1 for positive or negative values
respectively, and O when their value is not significant. Cells are empty when both correlation
coefficients are not significant.

Table X. Summary of the two de-trendended correlation matrices. The cells show 1 for significant correlation
coefficient value and 0 when it is not significant. Blanks for both values when non significance.

De-trended
Precipitation De-trend monthly means for MEI

Jan Feb  Mar Apr May  Jun Jul Aug Sep Oct Nov Dic

Jan 1,0 1,0

Feb

Mar 0,1 0,1
Apr

May 0,-1 0,-1

Jun

Jul 1,1 1,1 1,1 1,1 1,1 1,1 1,1
Aug

Sep

Oct -1,-1 -1,-1

Nov

Dec 0,-1 0,-1 0,-1

Huatusco and Coscomatepec precipitation in July is positively correlated with MEI conditions
from March to September. That is, it rains more with ENSO conditions in July. On the other hand
precipitation decreases in October with MEI values during March and April. In the case of
Coscomatepec there is also a positive relation of precipitation with MEI values in August and
September and a negative relation of December precipitation with MEI values for January, February
and March.
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3.4 Estimation of precipitation using the Multivariate ENSO Index

As we mentioned earlier, MEI yearly mean has a marked increasing trend. If we suppose a linear
trend the following regression can be calculated

MEI = — 65.03 + 0.0329* YEAR 3)

This fitting is only valid for the studied period and could be extrapolated to short intervals if
conditions do not change. It is possible to calculate the residuals of this regression and use them as
a predictor for estimating total yearly precipitation in Huatusco and in Coscomatepec. The results
are shown in equations (4) and (5).

Huatusco:

Total yearly precipitation = 146.1 (deviation from MEI yearly mean) + 2013.3 (4)
Coscomatepec:

Total yearly precipitation = 167.2 (deviation from MEI yearly mean) + 1989.6 ®)

Standard errors of estimation are 201.3 and 273.2 respectively.

To make an estimation of precipitation, we first estimate the deviation of the MEI observed
value from a forecasted MEI value and then calculate an estimated precipitation using equations
(4) or (5) for Huatusco or Coscomatepec.

Using annual mean MEI values for the 1998-2000 period, we estimated total precipitation and
confidence intervals for Huatusco (Draper and Smith, 1981). These values were compared with
the observed ones. The comparison is made in Table XI. Observed values for 1998-2000 are inside
the calculated 95% confidence interval. There are no reliable values for precipitation in Coscomatepec
for the 1998-2000 period.

Table XI. Upper and lower limits of the 95% confidence interval for estimated total precipitation and observed
values in Huatusco.
Year 95% Lower limit Observed value 95% Upper limit

1998 1628 2076 2448
1999 1340 2008 2227
2000 1397 1414 2261
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3.5 Relation between the midsummer drought in Huatusco and Coscomatepec with ENSO
phenomena

We found the months of midsummer drought by means of plotting monthly values of precipitation
for years from 1961 to 1997 for both stations. During some years, the phenomenon was not present.
For years when the phenomenon is present we evaluate their intensity drawing a line between the
two ridges of the midsummer drought precipitation depression and we obtain the difference between
the interpolated values using the drawn line and the observed values during the period of the
phenomenon (Mosifio and Garcia 1966; Magafia et al. 1999). The sum of these differences is
approximately proportional to the area represented by the midsummer drought and we call it the
midsummer drought intensity.

The correlation coefficients between the intra-seasonal drought intensity and the corresponding
MEI value for the middle month of the intra-seasonal drought period was significant and negative
for Huatusco, values are shown in Table XII. This means that for bigger values of MEI low values
of the intra-seasonal drought intensity are to be expected. This result supports the finding mentioned
earlier that bigger values of MEI seems to be related with an increase in July precipitation.

The correlation coefficient between the two stations intra-seasonal drought intensity shows the
relation between the rain of the stations. The coefficient between intensity of intra-seasonal drought
phenomenon and MEI shows that for larger values of MEI there must be low values of the intensity
of the intra-seasonal drought. This implies a larger total precipitation for that year.

Table XII. Correlations for the intra-seasonal drought period. Correlations in
italics are significantat p <.05.

MEI value for  Chicuelar Cosco-

middle month matepec
MEI value for middle month 1.00 -0.51 -0.04
Chicuelar -0.51 1.00 0.59
Coscomatepec —0.04 0.59 1.00

3.6 End of dry season and ENSO phenomenon

We combined the graphs of Huatusco and Coscomatepec and found the last two weeks of the dry
season for each year. Figure 10 shows the relation between MEI values during the last observed
dry month vs. the number of the last two weeks of the observed dry season for each year.

During the considered period there were only five strong ENSO phenomena (1983, 1987, 1992,
1993 and 1997, marked with large dots in the graph). During these years the dry season ends during
the ninth “two week” period of the year or later. In other words: with strong ENSO phenomenon
the rainy season in the study area did not start early.
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Conclusions

Precipitation for Huatusco and Coscomatepec show a very weak trend. The former is
decreasing and the latter increasing (—0.08 + 0.31 and 0.16 + 0.34 mm/year respectively)
and therefore no significative changes in yearly totals of precipitation are expected in next
years.

Gamma functions properly describe the density probability functions for monthly values of
precipitation when they are fitted to rainy season (June to September), to dry season (November
to April) and for a transition stage (October and May).

Gumbel functions properly describe the probability density functions for the extreme values
of daily precipitation during a month for the rainy season. The probability of surpassing 130
mm during a day (that is a condition for a declaratory of emergency action) is of considerable
value (0.259) during a year and lower (0.053) during a month of the rainy season.

There could be a small second mode in the distributions of extreme precipitation and it may
be caused by hurricanes that enter near to the area of study.

Temperatures measured at 8:00 h that surpass a threshold are useful parameters to make a
probabilistic forecast for precipitation. The EFPD compared with the EFPD for precipitation
during the rainy season (June to September) is another criterion to make a probabilistic forecast.

The MEI values for months from May to September and the precipitation during July show
a marked positive correlation.

The MEI values could be useful to estimate total yearly precipitation in Huatusco and
Coscomatepec by means of linear relations. Observed values are inside the calculated 95%
confidence intervals for the period 1998-2000.
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e The rainy season does not start early in years with strong ENSO phenomenon. However this
is not the only cause of that behavior.
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Appendix
Actopan
Prob. of Rainy Prob. of Rainy Prob. of
Precipitat. Rainy season  Precipitat. Rainy  season  Fullrainy Prob. Precipitat. Prob.
less than season and greather season  and season greather
or equal T>=23 than T>=23 than
X (mm) T>=23 X (mm) T>=23 X (mm)
<= 0 2.3 0.0 0.0 0< 97.7 100.0 100.0 <=100 0.0 100 < 100.0
<= 50 34.9 5.6 5.2 50 < 65.1 94.4 94.8 <=200 0.0 200 < 100.0
<=100 51.4 21.7 21.6 100 < 48.6 78.3 78.4 < =300 0.0 300 < 100.0
<=150 66.1 455 44.8 150 < 339 54.5 55.2 < =400 2.9 400 < 97.1
< =200 84.4 74.8 74.6 200 < 15.6 25.2 25.4 <=500 143 500 < 85.7
<=250 88.5 81.1 81.3 250 < 115 18.9 18.7 <=600 343 600 < 65.7
<=300 92.2 86.7 87.3 300 < 7.8 13.3 12.7 <=700 57.1 700 < 429
< =350 94.5 90.9 91.0 350 < 55 9.1 9.0 <=800 714 800 < 28.6
< =400 97.2 95.1 95.5 400 < 2.8 49 45 <=900 857 900 < 14.3
< =450 99.5 99.3 99.3 450 < 0.5 0.7 0.7 <=1000 943 1000 < 5.7
< =500 99.5 99.3 99.3 500 < 0.5 0.7 0.7 <=1100 971 1100 < 2.9
< =550 99.5 99.3 99.3 550 < 0.5 0.7 0.7 <=1200 100.0 1200 < 0.0
< =600 100.0 100.0 100.0 600 < 0.0 0.0 0.0 <=1300 100.0 1300 < 0.0
< =650 100.0 100.0  100.0 650 < 0.0 0.0 0.0

Altotonga

Probability of Probability of Probability of

precipitation precipitation Rainy Full rainy  Probability  precipitation Probability

less than or Rainy greather season  season greather than

equal x (mm) season than x (m) X (mm)

<= 0 0.0 0< 100.0 < =100 0.0 100 < 100.0

<= 50 14 50 < 98.6 < =200 0.0 200 < 100.0

<=100 15.7 100 < 84.3 < =300 0.0 300 < 100.0

< =150 35.7 150 < 64.3 < =400 5.7 400 < 94.3

Continues in the next page
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Altotonga

Probability of Probability of Probability of

precipitation precipitation Rainy Full rainy  Probability  precipitation Probability

less than or Rainy greather season  season greather than

equal x (mm) season than x (m) X (mm)

<=200 60.0 200 < 40.0 < =500 8.6 500 < 91.4

<=250 75.0 250 < 25.0 < =600 20.0 600 < 80.0

< =300 83.6 300 < 16.4 <=700 28.6 700 < 71.4

< =350 87.1 350 < 12.9 < =800 51.4 800 < 48.6

< =400 91.4 400 < 8.6 < =900 68.6 900 < 314

< =450 94.3 450 < 5.7 <=1000 80.0 1000 < 20.0

< =500 95.7 500 < 4.3 <=1100 85.7 1100 < 14.3

< =550 98.6 550 < 14 <=1200 85.7 1200 < 14.3

< =600 98.6 600 < 14 <=1300 91.4 1300 < 8.6

< =650 99.3 650 < 0.7 < =1400 94.3 1400 < 5.7

< =700 100.0 700 < 0.0 <=1500 97.1 1500 < 2.9

<=750 100.0 750 < 0.0 <=1600 97.1 1600 < 2.9

<=1700 100.0 1700 < 0.0
< =1800 100.0 1800 < 0.0

Animas
Prob. of Pre- Rainy  Prob. of Pre- Rainy Prob. of
cipitatation Rainy season cipitatation Rainy  season  Full rainy Prob. Precipitat. Prob.
less than season and greather season  and season greather
or equal T>=18 than T>=18 than
X (mm) T>=18 X (mm) T>=18 X (mm)
<= 0 0.0 0.0 0.0 0< 100.0 100.0 100.0 < =100 0.0 100<  100.0
<= 50 194 0.0 0.0 50 < 80.6 100.0 100.0 < =200 0.0 200<  100.0
<=100 38.3 9.3 9.3 100 < 61.7 90.7 90.7 < =300 0.0 300<  100.0
< =150 58.7 331 331 150 < 41.3 66.9 66.9 < =400 0.0 400<  100.0
< =200 69.9 50.8 50.8 200 < 30.1 49.2 49.2 < =500 3.6 500 < 96.4
< =250 81.1 68.6 68.6 250 < 18.9 31.4 314 < =600 3.6 600 < 96.4
< =300 869 77.1 77.1 300 < 13.1 22.9 22.9 <=700 25.0 700 < 75.0
< =350 932 881 88.1 350 < 6.8 11.9 11.9 <=800 393 800 < 60.7
< =400 96.1 932 93.2 400 < 39 6.8 6.8 <=900 57.1 900 < 429
< =450 985 975 97.5 450 < 15 25 25 <=1000 75.0 1000 < 25.0
< =500 99.0 983 98.3 500 < 1.0 1.7 17 <=1100 857 1100< 14.3
< =550 995 992 99.2 550 < 0.5 0.8 08 <=1200 964 1200< 3.6
< =600 100.0 100.0 100.0 600 < 0.0 0.0 0.0 <=1300 100.0 1300< 0.0
< =650 100.0 100.0 100.0 650 < 0.0 0.0 0.0 <=1400 100.0 1400< 0.0
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Atzalan
Probability of Probability of Probability of
precipitation precipitation Rainy Full rainy  Probability  precipitation Probability
less than or Rainy greather season  season greather than
equal x (mm) season than x (m) x (mm)
<= 0 0.0 0< 100.0 <=100 0.0 100 < 100.0
<= 50 0.0 50 < 100.0 <=200 0.0 200 < 100.0
<=100 3.6 100 < 96.4 <=300 0.0 300 < 100.0
<=150 17.3 150 < 82.7 < =400 0.0 400 < 100.0
<=200 331 200 < 66.9 < =500 0.0 500 < 100.0
<=250 54.7 250 < 453 < =600 0.0 600 < 100.0
<=300 66.9 300 < 331 <=700 3.0 700 < 97.0
<=350 78.4 350 < 21.6 <=800 12.1 800 < 87.9
< =400 84.2 400 < 15.8 <=900 333 900 < 66.7
< =450 87.1 450 < 12.9 <=1000 424 1000 < 57.6
<=500 91.4 500 < 8.6 <=1100 57.6 1100 < 42.4
< =550 92.8 550 < 7.2 <=1200 72.7 1200 < 27.3
<=600 94.2 600 < 5.8 <=1300 75.8 1300 < 24.2
< =650 96.4 650 < 3.6 < =1400 81.8 1400 < 18.2
<=700 97.8 700 < 2.2 <=1500 87.9 1500 < 12.1
<=750 98.6 750 < 1.4 < =1600 93.9 1600 < 6.1
<=800 99.3 800 < 0.7 <=1700 97.0 1700 < 3.0
<=850 99.3 850 < 0.7 <=1800 97.0 1800 < 3.0
<=900 100.0 900 < 0.0 <=1900 97.0 1900 < 3.0
< =950 100.0 950 < 0.0 < =2000 97.0 2000 < 3.0
<=2100 97.0 2100 < 3.0
<=2200 100.0 2200 < 0.0
<=2300 100.0 2300 < 0.0
Carrizales
Prob. of Rainy Prob. of Rainy Prob. of
Precipit. Rainy  season  precipitat. Rainy  season  Fullrainy Prob. Precipitat. Prob.
less than season  and greather season  and season greather
or equal T>=21 than T>=21 than
X (mm) T>=21 x(mm) T>=21 X (mm)
<= 0 0.9 0.0 0.0 0< 99.1 100.0 100.0 <=100 0.0 100<  100.0
<= 50 34.4 8.9 8.9 50 < 65.6 91.1 91.1 <=200 0.0 200<  100.0

<=100 52.5 23.4 23.4 100 < 47.5 76.6 76.6 < =300 0.0 300<  100.0
< =150 69.7 46.8 46.8 150 < 30.3 53.2 53.2 < =400 6.5 400 < 935
<=200 83.7 71.0 71.0 200 < 16.3 29.0 29.0 <=500 16.1 500 < 83.9

Continues in the next page



68 J. L. Bravoetal.

Carrizales

Prob. of Rainy Prob. of Rainy Prob. of

Precipit. Rainy  season  precipit Rainy  season  Fullrainy Prob. Precipitat. Prob.

less than season  and greather season  and season greather

or equal T>=21 than T>=21 than

X (mm) T>=21 X (mm) T>=21 X (mm)

<=250 90.0 82.3 82.3 250 < 10.0 17.7 17.7 <=600 355 600< 645

< =300 94.1 89.5 89.5 300 < 5.9 10.5 10.5 <=700 452 700< 548

< =350 96.4 935 93.5 350 < 3.6 6.5 6.5 <=800 774 800< 226

< =400 98.2 96.8 96.8 400 < 1.8 3.2 3.2 <=900 87.1 900< 129

< =450 99.5 99.2 99.2 450 < 0.5 0.8 08 <=1000 935 1000 < 6.5

< =500 99.5 99.2 99.2 500 < 0.5 0.8 0.8 <=1100 100.0 1100< 0.0

< =550 99.5 99.2 99.2 550 < 0.5 0.8 0.8 <=1200 100.0 1200< 0.0

< =600 100.0 100.0 100.0 600 < 0.0 0.0 0.0

< =650 100.0 100.0 100.0 650 < 0.0 0.0 0.0

Jalcomulco

Prob. of Rainy  Rainy Prob. of Rainy Rainy  Fullrainy Prob. Prob. of Prob.

precipitat. season season  Precipitat. season  season  season Precipitat.

less thanor T>=19 and greather and greather

equal T>=19 than T>=19 T>=19 than

X (mm) X (mm) X (mm)

<= 0 11 0.0 0.0 0< 989 100.0 100.0 <=100 0.0 100 < 100.0

<= 50 26.7 2.7 2.7 50 < 73.3 97.3 97.3 <=200 0.0 200 < 100.0

<=100 455 13.6 13.7 100 < 54.5 86.4 86.3 < =300 0.0 300 < 100.0

<=150 63.5 38.1 38.4 150 < 36.5 61.9 61.6 < =400 2.8 400 < 97.2

< =200 76.3 58.5 58.2 200 < 23.7 415 41.8 < =500 5.6 500 < 94.4

< =250 86.1 75.5 75.3 250 < 13.9 245 24.7 <=600 194 600 < 80.6

< =300 91.7 85.0 84.9 300 < 8.3 15.0 15.1 <=700 222 700 < 77.8

<=350 94.7 90.5 90.4 350 < 53 9.5 9.6 <=800 583 800 < 41.7

< =400 95.5 91.8 91.8 400 < 45 8.2 8.2 <=900 750 900 < 25.0

< =450 98.9 98.0 97.9 450 < 11 2.0 21 <=1000 80.6 1000 < 19.4

< =500 99.2 98.6 98.6 500 < 0.8 1.4 14 <=1100 917 1100 < 8.3

<=550  100.0 100.0 100.0 550 < 0.0 0.0 0.0 <=1200 917 1200 < 8.3

<=600  100.0 100.0 100.0 600 < 0.0 0.0 00 <=1300 97.2 1300 < 2.8
<=1400 100.0 1400 < 0.0
<=1500 100.0 1500 < 0.0
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Naolinco

Prob. of Rainy  Rainy Prob. of Rainy Rainy  Fullrainy Prob. Prob. of Prob.
precipitat. season season  Precipitat. season season  season Precipitat.

less than T>=14 and greather and greather

or equal T>=14 than T>=14 T>=14 than

X (mm) X (mm) X (mm)

<= 0 0.0 0.0 0.0 0< 100.0 100.0  100.0 <=100 0.0 100 < 100.0
<= 50 24.9 3.6 3.6 50 < 75.1 96.4 96.4 < =200 2.9 200 < 97.1
<=100 44.7 7.2 7.3 100 < 55.3 92.8 92.7 < =300 2.9 300 < 97.1
< =150 56.6 15.1 15.3 150 < 434 84.9 84.7 < =400 2.9 400 < 97.1

<=200 64.1 26.6 255 200 < 359 73.4 745 < =500 2.9 500 < 97.1
<=250 735 43.2 423 250 < 26.5 56.8 57.7 < =600 2.9 600 < 97.1
< =300 80.6 57.6 56.9 300 < 194 42.4 431 <=700 5.9 700 < 941
<=350 87.1 71.9 715 350 < 12.9 28.1 285 < =800 8.8 800 < 91.2

< =400 91.3 80.6 80.3 400 < 8.7 194 19.7 <=900 11.8 900 < 88.2

< =450 96.1 91.4 91.2 450 < 3.9 8.6 8.8 <=1000 26.5 1000 < 73.5

< =500 97.7 95.0 94.9 500 < 2.3 5.0 5.1 <=1100 38.2 1100 < 61.8

< =550 99.4 98.6 98.5 550 < 0.6 14 15 <=1200 618 1200 < 38.2

< =600 99.4 98.6 98.5 600 < 0.6 14 15 <=1300 794 1300 < 20.6

< =650 99.4 98.6 98.5 650 < 0.6 14 15 <=1400 88.2 1400 < 11.8

<=700 100.0 100.0 100.0 700 < 0.0 0.0 0.0 <=1500 97.1 1500 < 2.9

<=750 100.0 100.0 100.0 <=1600 97.1 1600 < 2.9
<=1700 100.0 1700 < 0.0
<=1800 100.0 1800 < 0.0

Naranjal

Prob. of Rainy  Rainy Prob. of Rainy Rainy  Fullrainy Prob. Prob. of Prob.

precipitat. season season  Precipitat. season  season  season Precipitat.

less thanor T>=18 and greather and greather

equal T>=18 than T>=18 T>=18 than

X (mm) X (mm) X (mm)

<= 0 0.0 0.0 0.0 0< 100.0 100.0 1000 <=100 0.0 100 < 100.0

<= 50 6.0 1.4 0.0 50 < 94.0 98.6 100.0 <=200 2.9 200 < 97.1

<=100 145 2.8 0.0 100 < 85.5 97.2 1000 <=300 2.9 300 < 97.1

< =150 21.8 35 0.7 150 < 78.2 96.5 99.3  <=400 2.9 400 < 97.1

<=200 333 6.4 3.6 200 < 66.7 93.6 96.4  <=500 2.9 500 < 97.1

< =250 39.3 135 10.9 250 < 60.7 86.5 89.1 < =600 2.9 600 < 97.1
< =300 47.4 22.7 20.4 300 < 52.6 77.3 79.6 <=700 2.9 700 < 97.1
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Naranjal
Prob. of Rainy  Rainy Prob. of Rainy Rainy  Fullrainy Prob. Prob. of Prob.
precipitat. season season  Precipitat. season season  season Precipitat.
less than T>=18 and greather and greather
or equal T>=18 than T>=18 T>=18 than
X (mm) X (mm) X (mm)
<=350 55.1 31.9 29.9 350 < 44.9 68.1 70.1 <=2800 2.9 800 < 97.1
< =400 65.8 48.2 46.7 400 < 34.2 51.8 53.3 < =900 2.9 900 < 97.1
< =450 72.6 58.2 56.9 450 < 27.4 41.8 431 < =1000 2.9 1000 < 97.1
< =500 80.3 70.2 69.3 500 < 19.7 29.8 30.7 <=1100 2.9 1100 < 97.1
< =550 88.5 82.3 81.8 550 < 115 17.7 18.2 < =1200 2.9 1200 < 97.1
< =600 93.6 90.8 90.5 600 < 6.4 9.2 95 <=1300 114 1300 < 88.6
< =650 96.2 94.3 94.2 650 < 3.8 5.7 58 <=1400 20.0 1400 < 80.0
< =700 97.9 96.5 96.4 700 < 2.1 35 36 <=1500 229 1500 < 77.1
<=750 99.1 98.6 985 750< 09 14 15 <=1600 286 1600< 714
<=800 100.0 100.0 100.0 800< 00 0.0 00 <=1700 543 1700< 45.7
<=850 100.0 100.0 100.0 850< 00 0.0 00 <=1800 657 1800< 343
<=1900 771 1900< 229
<=2000 857 2000< 143
<=2100 914 2100< 86
<=2200 943 2200< 57
<=2300 971 2300< 29
<=2400 971 2400< 29
<=2500 971 2500< 29
<=2600 971 2600< 29
<=2700 1000 2700< 0.0
<=2800 1000 2800< 0.0
Rinconada
Probability of Rainy Probability of Rainy Full rainy  Probability ~ Probability of  Probability
precipitation season  precipitation season  season precipitation
less than or greather than greather than
equal x (mm) X (mm) X (mm)
<= 0 0.0 0< 100.0 <=100 0.0 100 < 100.0
<= 50 6.9 50 < 93.1 < =200 3.3 200 < 96.7
<=100 26.0 100 < 74.0 < =300 3.3 300 < 96.7
<=150 435 150 < 56.5 < =400 10.0 400 < 90.0
<=200 64.9 200 < 35.1 < =500 16.7 500 < 83.3
<=250 77.9 250 < 22.1 < =600 30.0 600 < 70.0

Continues in the next page
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Rinconada
Probability of Rainy Probability of Rainy Full rainy  Probability ~ Probability of  Probability
precipitation season  precipitation season  season precipitation
less than or greather than greather than
equal x (mm) X (mm) X (mm)
< =300 86.3 300 < 13.7 <=700 46.7 700 < 53.3
< =350 93.1 350 < 6.9 < =800 56.7 800 < 43.3
< =400 94.7 400 < 5.3 < =900 70.0 900 < 30.0
< =450 96.2 450 < 3.8 <=1000 83.3 1000 < 16.7
< =500 97.7 500 < 2.3 <=1100 93.3 1100 < 6.7
< =550 97.7 550 < 2.3 <=1200 96.7 1200 < 33
< =600 99.2 600 < 0.8 <=1300 96.7 1300 < 33
< =650 100.0 650 < 0.0 < =1400 100.0 1400 < 0.0
< =700 100.0 700 < 0.0 < =1500 100.0 1500 < 0.0
Las Minas
Probability of ~ Rainy Probability of ~ Rainy Full rainy  Probability Probability of ~ Probability
precipitation season  precipitation season  season precipitation
less than or greather than greather than
equal x (mm) X (mm) X (mm)
<= 0 0.0 0< 100.0 < =100 0.0 100 < 100.0
<= 50 7.9 50 < 92.1 < =200 0.0 200 < 100.0
<=100 36.4 100 < 63.6 < =300 5.7 300 < 94.3
<=150 58.6 150 < 41.4 < =400 17.1 400 < 82.9
<=200 72.9 200 < 27.1 < =500 28.6 500 < 71.4
<=250 82.9 250 < 17.1 < =600 429 600 < 57.1
< =300 87.1 300 < 12.9 <=700 54.3 700 < 457
< =350 88.6 350 < 11.4 <=2800 77.1 800 < 22.9
< =400 92.1 400 < 7.9 < =900 82.9 900 < 17.1
< =450 95.7 450 < 43 <=1000 88.6 1000 < 11.4
< =500 96.4 500 < 3.6 <=1100 88.6 1100 < 11.4
< =550 98.6 550 < 1.4 <=1200 97.1 1200 < 2.9
< =600 98.6 600 < 1.4 <=1300 97.1 1300 < 2.9
< =650 98.6 650 < 1.4 < = 1400 100.0 1400 < 0.0
< =700 98.6 700 < 1.4 < =1500 100.0 1500 < 0.0
<=750 99.3 750 < 0.7
< =800 99.3 800 < 0.7
< =850 100.0 850 < 0.0
< =900 100.0 900 < 0.0
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Chicuelar
Probability of Rainy Probability of ~ Rainy Full rainy  Probability ~ Probability of  Probability
precipitation season  precipitation season  season precipitation
less than or greather than greather than
equal x (mm) X (mm) X (mm)
<= 0 0.0 0< 100.0 < =100 0.0 100 < 100.0
<= 50 0.0 50 < 100.0 < =200 0.0 200 < 100.0
<=100 0.0 100 < 100.0 < =300 0.0 300 < 100.0
< =150 35 150 < 96.5 < =400 0.0 400 < 100.0
< =200 9.2 200 < 90.8 < =500 0.0 500 < 100.0
< =250 26.1 250 < 73.9 < =600 0.0 600 < 100.0
< =300 42.3 300 < 57.7 <=700 0.0 700 < 100.0
< =350 59.9 350 < 40.1 < =800 0.0 800 < 100.0
< =400 71.8 400 < 28.2 < =900 0.0 900 < 100.0
< =450 81.7 450 < 18.3 < =1000 8.6 1000 < 91.4
< =500 88.0 500 < 12.0 <=1100 14.3 1100 < 85.7
< =550 90.8 550 < 9.2 <=1200 25.7 1200 < 74.3
< =600 95.1 600 < 49 <=1300 28.6 1300 < 71.4
< =650 96.5 650 < 35 <=1400 54.3 1400 < 45.7
< =700 97.9 700 < 21 <=1500 68.6 1500 < 314
< =750 98.6 750 < 1.4 <=1600 88.6 1600 < 11.4
< =800 100.0 800 < 0.0 <=1700 88.6 1700 < 11.4
< =850 100.0 850 < 0.0 <=1800 91.4 1800 < 8.6
<=1900 97.1 1900 < 2.9
< =2000 100.0 2000 < 0.0
<=2100 100.0 2100 < 0.0
Cocomatepec
Probability of Rainy  Probability of Rainy  Fullrainy  Probability Probability of ~ Probability
precipitation season  precipitation season  season precipitation
less than or greather than greather than
equal x (mm) X (mm) X (mm)
<= 0 0.0 0< 100.0 < =100 0.0 100 < 100.0
<= 50 0.7 50 < 99.3 < =200 0.0 200 < 100.0
<=100 0.7 100 < 99.3 < =300 0.0 300 < 100.0
< =150 35 150 < 96.5 < =400 0.0 400 < 100.0
< =200 8.5 200 < 91.5 < =500 0.0 500 < 100.0
< =250 27.0 250 < 73.0 < =600 0.0 600 < 100.0
< =300 46.8 300 < 53.2 <=700 0.0 700 < 100.0
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Cocomatepec

Probability of  Rainy Probability of ~ Rainy  Full rainy  Probability Probability of ~ Probability

precipitation season  precipitation season  season precipitation

less than or greather than greather than

equal x (mm) X (mm) X (mm)
< =350 63.8 350 < 36.2 < =800 0.0 800 < 100.0
< =400 75.2 400 < 24.8 < =900 0.0 900 < 100.0
< =450 83.7 450 < 16.3 <=1000 5.9 1000 < 94.1
< =500 92.9 500 < 7.1 <=1100 17.6 1100 < 82.4
< =550 94.3 550 < 57 <=1200 32.4 1200 < 67.6
< =600 95.7 600 < 43 <=1300 50.0 1300 < 50.0
< =650 97.9 650 < 21 <=1400 735 1400 < 26.5
<=700 98.6 700 < 14 <=1500 76.5 1500 < 235
<=750 98.6 750 < 14 <=1600 82.4 1600 < 17.6
<=800 99.3 800 < 0.7 <=1700 88.2 1700 < 11.8
< =850 100.0 850 < 0.0 <=1800 100.0 1800 < 0.0
<=900 100.0 900 < 0.0 <=1900 100.0 1900 < 0.0
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