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RESUMEN

Se presenta una parametrizacién de la precipitacién media mensual desarrollada en una ecuacién de regresién linear
miltiple en funcién de la temperatura y del viento horizontal. En el cilculo de los coeficientes de la ecuacién
se usaron los datos de un periodo de once afios, de enero de 1982 a diciembre de 1992, de las anomalfas medias
mensuales de la precipitacién, la temperatura, las componentes zonal y meridional del viento, y la vorticidad. De
esta ecuacién se obtiene una habilidad de méds de 80% en la estimacién de las anomalfas medias mensuales de la
precipitacién en el Hemisferio Norte. El presente método puede ser usado para pronosticar las anomalfas mensuales
de la precipitacién con el modelo termodindmico de Adem, u otros modelos de balance de energia o de circulacién
general de la atmésfera, asi como para calcular anomalias mensuales de precipitacién a partir de datos de anomalfas
de temperatura y viento observados.

ABSTRACT

A mean monthly precipitation parameterization is given. It is developed by a multiple linear regression equation
in terms of the temperature and the horizontal wind.

Using a period of eleven years, from January 1982 to December 1992, for the anomalies of the mean monthly
precipitation, temperature, zonal and meridional wind, and vorticity of the wind as variable data, we have obtained
a skill above 80% in the estimation of the mean monthly precipitation anomalies in the Northern Hemisphere.

The parameterization may be used to predict monthly precipitation anomalies with the Adem’s Thermodynamic
Model, or with any others energy balance or general circulation models, as well as to compute monthly precipitation
anomalies from observed anomalies of temperature and horizontal wind data.
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1. Introduction

In the early sixties Adem (1964, 1965) developed a time averaged thermodynamic model for
monthly and seasonal prediction. Since that time the Adem’s model has been succesfully used
to simulate the temperature and precipitation anomalies of past and future climates and to
estimate the effect of the increase of the atmospheric CO; on the climate; as well as to make
monthly and seasonal predictions (Adem, 1970; Adem, 1991; Adem et al., 1995; Adem and
Gardufio, 1998; Adem et al, 2000). In support for this model Clapp et al. (1965), derived a
parameterization of the monthly anomalies of precipitation in the Northern Hemisphere as a
function of the temperature anomalies and horizontal components of the wind at the 700mb
level.

He used a multiple regression procedure to compute the coefficients which were functions of
the season and the geographical coordinates.

Furthermore, where data were not available, he used the empirical climatological knowledge,
according to the region and the local climate.

Previous studies by Smith (1942), Stidd (1954), and Klein (1963) showed that rainfall could
be especified from the mean circulation parameters chosen in the parameterization.

The results of using the parameterization of Clapp et al. (1965) to simulate and predict the pre-
cipitation anomalies have been very encouraging. Since that time, several studies about models
of rainfall, gauge observations, and the difficulties of the indirect estimation of the precipitation
have been published (Drufuca and Zawadzki, 1975; Smith and Karr, 1985; Arkin and Meisner,
1987; Xie and Arkin, 1996). A theoretical study was carried out by Mendoza et al. (1998),
obtaining a linear parameterization of the precipitation anomalies as a function of the surface
temperature, the 700mb temperature anomalies and the 700mb horizontal wind anomalies. Four
correlation mean monthly variables were found as the most significant: the temperature, the
700mb horizontal, zonal and meridional wind components, and the corresponding vorticity.

Therefore, in the present work we have used a linear multiple correlation procedure, similar to
that suggested by Clapp et al. (1965), with the best available data, to derive parameterizations
with all or some of these variables, in order to determine which combination of them yields
the best results. Furthermore, instead of the horizontal wind component terms we also try the
derivatives of 700mb temperature with respect to the z and y horizontal coordinates, which
are used in the energy balance models where the wind is computed from the temperature field
(Adem, 1967).

2. The statistical parameterization

The well known matrix theory and least squares method to correlate the data, (Courant and
John, 1984; Spiegel, 1961), were used to construct a linear multiple regression equation, which
expresses the monthly precipitation anomalies in terms of the monthly anomalies of the tempe-
rature, the zonal and meridional wind, and the vorticity at 700mb level.

The linear multiple regression equation can be expressed as:

P=a+bT +cu+dv+e¢ (1)

where a,b,c,d, and e, are the correlation coefficients, P is the mean monthly precipitation
anomaly; T is the mean monthly temperature anomaly at the 700mb level; v and v are the



An improved parameterization of the mean monthly 41

anomalies of the mean monthly zonal and meridional components of the wind at the 700mb
level, and ¢ = (Ov/dz) — (du/dy) is the corresponding vorticity anomaly. The positive z and
y directions are from West to East and from South to North, respectively. These variables
have been chosen because they were found to be the most significant variables according to the
theoretical precipitation parameterization analysis (Mendoza et al., 1998).

The independent term a is the residual precipitation term due to atmospheric or surface
variables not considered in the development. This term results to be negligibly small as the
numerical experiments will show below.

For the models in which the wind is computed from the temperature field, we have derived
an equation, similar to the equation of Clapp et al. (1965), in which the wind components at
700mb can be replaced by temperature gradients at the same level. The equation is expressed
by:

P=d +0T+up+dvp+eep (2)

where, ur , vr and ¢p = (8vp/dz) — (Qur/Jy) are the anomalies of the zonal and meridional
wind and the vorticity of the wind, respectively.

The components of the wind anomalies are given by:

__R _ _ gl oT
R B glaoT

where R is the perfect gas constant; Ty = 229.5K; Toy = T + I' (Hy — Ho7); Hy = 9km, and
Hy7 = 3km, T is the lapse rate in middle latitudes, f is the Coriolis parameter, and g is the
gravitational acceleration. In the derivation of equations (3) and (4) we are using the geostrophic
wind approach, hydrostatic equilibrium, perfect gas, constant lapse rate and the assumption of
constant density at the top of the atmospheric layer of depth Hy (Adem, 1967, 1970).

3. Numerical experiments

For the determination of the linear regression coefficients of Eqs. (1) and (2), we used the
NCEP/NCAR Reanalysis CD Rom data for the mean monthly anomalies of precipitation, tem-
perature and winds at the 700mb level, during the months from January 1982 to December
1992 (eleven year period). We computed the regression coefficients of both equations, for each
month and each one of 1977 points of the grid, in the NMC polar stereographic proyection of
the Northern Hemisphere.

To illustrate the role of each term in the parameterization of the precipitation we have used
the summer period. The geographical patterns of the coefficients b, ¢, d and e for this season
are shown in Figure 1 in parts A, B, C and D, respectively. From this figure we can make some
observations similar to those made by Clapp et al. (1965). The geographical pattern of the
temperature coefficient b, depends ‘mainly on climate anomalies. Over continents and oceans
for all seasons, precipitation tends to occur with above normal temperature where b is positive;
and with below normal temperature, where b is negative. Therefore, as shown in Figure 1 A, in
summer and at lower latitudes, precipitation tends to occur with above normal temperature over
Mexico and Central America, over the Indic Ocean and the west parts of the Pacific Ocean.
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Fig. 1. The geographical pattern of the coefficients b, ¢, d, and e, in Eq. (5) at the Northern Hemisphere in July:
Parts A, B, C, and D, respectively.
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The same is truth in the middle latitudes where the precipitation tends to occur with above
normal temperatures in the east coasts of U. S., Canada, Europe, mediterranean area, and Asia.
Otherwise over the west coasts of those regions, the precipitation tends to occur with below
normal temperature. Over desertic regions, precipitation tends to occur with below normal
temperature at all seasons. These associations are due partly to the influence of cloudiness on
long and short-wave radiation.

The distribution of the coefficients of the wind components depends mainly on the terrain and
latitude. Where westerly or southerly wind is directed from water to land and especially if it
is forced to ascend mountains, there is a strong positive relationship between rainfall and wind
speed at the west coast of both continents except over Africa. When directed downslope, these
components are negatively related to rainfall. Over southern oceans, for all seasons, heavy rain
occurs with easterly winds in conformity with observed rainfall in easterly waves and tropical
storms, and with the distribution of the coefficient ¢ in lower latitudes (Fig. 1B).

The south-north wind component tends to be positively related to rainfall almost everywhere
due to the observed fact that convergence and rising motion prevails with southerly winds and
the opposite with northerly winds. From the summer map (Fig. 1 C) of coefficient d, it is
assumed that the regions of the North-African continent and part of U. S. and Europe, where d
values are negative, the rainfall tends to occur with negative anomalies of meridional wind.

From the coefficient e map, which is shown in Figure 1 D for summer, we can see that the values
are positive in almost the whole Northern Hemisphere. The figure shows the whole Eurasian
continent positively correlated with the above normal vorticity for the rainfall. Otherwise over
the American continent, over the west part of U. S. and its Pacific coast, the precipitation tends
to occur with negative anomaly of the vorticity. Over Africa, in the Northern Hemisphere, the
coefficient e is negative for all seasons.

Next we will carry out experiments to evaluate the significance of the independent term a and
of the vorticity term in Eq. (1). For this purpose we use two modified forms of Eq. (1): the
equation

P=bT+cu+dv+e (5)

where the independent term a is neglected, and equation

P=bT+cu+dv (6)

where both e¢ and a are neglected.

Furthermore, we modify Eq. (2) neglecting the a' term, obtaining

P=bT+cup +dvp+éep (7)
Finally, we will also test the the formula of Clapp et al. (1965)

oT oT
P=bvT LR Dbl 8
+ o 3y (8)

We have carried out several experiments to evaluate the skill of the parameterizations (1),
(5), (8), (7) and (8). The measure of the skill is based on the so-called S; score (Teweles and
Wobus, 1954), which characterizes the normalized error. We consider that an average score 0
is near perfect, while 50 shows little or no skill. The average skill in percentage is given by
2 X (50 — S1), which yields O for a worthless chart and 100 for a virtually perfect one. In all of
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these experiments, the same period of eleven years data, from January 1982 to December 1992,
was used.

The skill of the parameterization and the percentage of correctly computed signs of the pre-
cipitation anomalies using (5), are shown in Table 1 as EXO.

We evaluated the significance of the a term, comparing the average seasonal and annual skill
using Eq. (1) with those using (5). The difference between the skill of these equations (EX1 in
Table 1), is the significance of the a term. We obtain an average annual difference of 0.4% in
the skill of the computed anomaly of the total precipitation in the Northern Hemisphere. The
difference in the average annual percentage of signs correctly computed is 0.9%. From these
results we concluded that it is negligibly small.

We compared the skill of Eq. (5) with that of (6). Their difference, shown in Table 1, EX2
column, is due to the lack of the vorticity term in Eq. (6). The difference in the average annual
skill is 2.8% and the difference in the average annual percentage of signs correctly computed is
4.2%. Therefore, we conclude that the vorticity term is important.

We also have evaluated the validity of using Eq. (7), computing the difference in the skills of
Eqs. (5) and (7), shown in Table 1, in the EX3 column. The difference in the average annual
skill is 2.5% and the annual difference in the percentage of signs correctly computed is 2.9%.

Table 1. Evaluations in the whole Northern Hemisphere of the average seasonal and annual skill and of the
percentage of signs correctly computed. In the EXO columns we show the evaluations using Eq. (5). The values
obtained using Eq. (1) minus those obtained using (5) are shown in the EX1 columns; the values using Eq. (5)
minus those using (6), are shown in the EX2 columns, and the values using Eq. (5) minus those using (7), in
the EX83 columns. The skill is computed using the S; score of Teweles and Wobus (1954), in percentage given
by 2 x (50 — S§1), which yields O for a worthless chart and 100 for a perfect one.

Average skill Signs correctly computed
(%) (%)

Season EX0 EX1 EX2 EX3 EX0 EX1 EX2 EX3
Spring 842 03 27 22 760 06 43 25
Summer 849 05 34 26 76.0 06 51 29
Autumn 837 04 30 29 766 16 43 32
Winter 864 04 23 24 778 08 33 30
Annual 848 04 28 25 766 09 42 29

Table 2. Regional average seasonal and annual skill of the mean monthly precipitation anomalies using Eq. (5),
computed with Sy score of Teweles and Wobus (1954), in percentage given by 2 x (50 — S;).

Spring  Summer  Autumn  Winter  Annual

Region
(%) (%) (%) (%) (%)
American C. 76.9 75.1 76.1 79.6 76.9
European C. 70.0 68.4 74.5 75.4 72.1
Asian C. 81.3 80.9 81.8 83.2 81.8
North African C. 91.0 89.9 89.6 93.2 90.9
Mezxico 63.5 67.3 61.3 61.1 63.3
Pacific O. 75.9 77.8 75.1 78.9 76.9
Atlantic O. 78.2 78.6 75.1 77.8 77.4

In order to find out the regions in the Northern Hemisphere where this procedure could be
used successfully, we carried out another experiment. It consists in evaluating the skill of Eq.



46 V. M. MENDOZA et al.

(5) in continental and oceanic regions separately, and using also the same data period. The
results are shown in Tables 2 and 3, where we can see that regions like the American and the
European continents and the Pacific and the Atlantic oceans evaluated with the Sy score skill,
yields an average seasonal and annual skill of around 75%; and around 80 and 90% for the Asian

and North-African continents, respectively.

Table 3. Regional average seasonal and annual percentage of signs correctly computed of the monthly precipitation
anomalies, using Eq.(5).

Spring  Summer  Autumn  Winter  Annual

Region

(%) (%) (%) (%) %
American C. 78.5 77.4 78.6 77.9 78.1
European C. 80.2 76.7 79.5 81.0 79.3
Asian C. 75.2 74.9 74.9 77.5 75.6
North African C. 61.6 68.8 63.2 65.8 64.8
Mexico 74.2 76.7 76.6 74.8 75.6
Pacific O. 77.6 77.6 78.6 79.5 78.3
Atlantic O. 774 76.5 78.7 80.7 78.3

In another experiment, we have compared the skill of Eqs. (5) and (7) with the skill of Eq.
(8). In this experiment, we computed the precipitation anomalies for the whole NMC Northern
Hemisphere grid, using the January and July months of 1996, 1997 and 1998 data, which are
six months outside of the period where the regression coefficients were computed. The data was
obtained from the NOAA-CIRES Climate Diagnostic Center, through the Web site. We see
from the average results of this experiment, shown in Table 4, that Eq. (7) yields the best skill
(83.4%) , and that there is no significant difference between the skill of Egs. (5) and (8), while
in the signs correctly computed, Eq. (5) is the best with about 60%.

Table 4. Skill computed with S; score in percentage given by 2 x (50 — Sy), and percentage of signs correctly
computed in the Northern Hemisphere during the months of January and July of 1996, 1997 and 1998, using
Eqs. (5), (7) and (8), in computing the monthly precipitation anomalies.

Skill Signs correctly computed
(%) (%)

Month Eq.(5) Eq(7) Eq.(8) Eq.(5) Eq.(7) Eq.(8)

Jan 96  81.6 77.7 79.1 60.6 54.2 57.7

Jan 97  76.1 88.4 75.3 61.8 54.3 58.0

Jan 98 75.5 77.2 73.6 62.4 59.5 62.3

Jul 96 73.9 85.7 72.3 59.8 57.5 55.2

Jul 97 81.0 87.1 80.5 59.8 53.4 56.5

Jul 98 662 846  69.7 535 53.6  53.0

Average 75.7 83.4 75.1 59.6 55.4 57.1

Figures 2 and 3 show the precipitation anomalies computed with Eq. (5), in parts A, and
observed in parts B for January and July of 1996 respectively. Table 4 shows that, in this case,
for January the skill of the method is 81.6% and the percentage of signs correctly computed is
60.6%. For July, these values are 73.9 and 60.0%, respectively.
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Fig. 2. The mean monthly anomalies of the observed (A), and the computed (B) precipitation, using Eq. (5), for
January of 1996. For this case, the skill is 81.6% and the percentage of signs correctly computed is 60.6 %. The
skill is measured in terms of the normalized error by the S} score of Teweles and Wobus (1954). The skill (%) is
2 x (50 — Sy), which yields 0 for a worthless chart, and 100 for a perfect one.
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Fig. 3. The mean monthly anomalies of the observed (A), and the computed (B), precipitation, using Eq. (5), for
July of 1996. The skill is 73.9% and the percentage of signs correctly computed is 60.0 %. The skill is measured
in terms of the normalized error by the S; score of Teweles and Wobus (1954). The skill (%) is 2 x (50 — S;),
which yields 0 for a worthless chart, and 100 for a perfect one.
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Fig. 4. The mean monthly anomalies of the observed (A), and the computed (B) precipitation using Eq. (5), in
Mexico during summer, for July of 1998. The skill is 57.1%, and the percentage of signs correctly computed is
73.3 %.

Our regional interest is Mexico, with its semi-tropical climate in the South, and semi-desertic
in the North. Since the rainy season is the summer in Mexico, we computed as an example, the
precipitation anomalies for July 1998, using Eq. (5) with the NOAA-CIRES CDC data. Figure
4 shows the mean monthly anomaly of the observed rainfall (part A), and the corresponding
computed anomaly (part B), for July 1998 in Mexico. The corresponding skill for this case is
57.1%, and the corresponding percentage of the signs correctly computed is 73.3%.

4. Concluding remarks

From the annual skill of Egs. (1), (5), (6) and (7) shown in Table 1, we obtain the following
conclusions:

1. The difference in the annual average skill using Eq. (1) instead of (5) is 0.4%, and the
corresponding difference in the annual average percentage of signs correctly computed is
0.9%. From these results it was concluded that the independent term a of Eq. (1) is
negligibly small.
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2. The difference in annual average skill using Eq. (5) instead of (6) is 2.8%, and the corrrespond-
ing annual difference in percentage of signs correctly computed is 4.2%. These differences
show the importance of the vorticity term in Eq. (5). Therefore, it was concluded that the

use of Eq. (5) is better than that of both Eqs. (1) and (6), and that the four correlation
variables in Eq. (5) are the best selection.

3. Using Eq. (5), we obtain 84.8% in the annual average skill, and 76.6% in the annual average
percentage of signs correctly computed in the Northern Hemisphere. Therefore, it is a
useful regression equation for the precipitation forecasting with models which predict the
temperature, as well as the winds. Furthermore, Eq. (5) can also be used to estimate the
precipitation anomalies from the temperature and horizontal wind data.

Furthermore, Tables 2 and 3 show that over the four continents as well as over the Pacific
and the Atlantic oceans the evaluation yields a skill above 75%.

4. For the differences between using Eqs. (5) and (7), shown in Table 1, in EX3 column,
we obtain 2.5% and 2.9% in the average annual percentage of skill, and the signs correctly
computed, respectively, which compared with the corresponding skills obtained using Eq.

(5), (84.8 and 76.6%), show that the option of Eq. (7), is good for some energy balanced
models which predict only the temperature.

5. For January and July, of the years 1996, 1997 and 1998, the comparison of the results using
Eq. (7) with those using Eq. (8) of Clapp et al. (1965), shows that the best skill is obtained
with Eq. (7), with an appreciable skill difference of 8.3% between them (Table 4).

6. From the comparison of the results obtained from Eq. (5), with those of Eqgs. (7) and (8)
shown in Table 4, we conclude that for these illustrative 6 cases, the use of temperature
gradients in the parameterization of the precipitation is as good as the use of the horizontal
wind.
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