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Crop model validation
Data were used to implement the validity of rice production implementation of rice
validation. The comparison between actual data and predicted data was done through
CERES-RICE model under DSSAT. DSSAT is a microcomputer software program
combining soil, crop and weather databases with crop models (including the CERES-
RICE model) and application programs, to simulate multi year outcomes of crop
management of IBSNAT(1989a) strategies.

Evaluation of applying CERES-RICE model
The model was evaluated through three methods:

Method 1: Calculating the difference percentage between predicted and observed
data. The predicted data that correctly simulates the observed ones, as in following
equation:
Difference (in %) observed and predicted = [(Observed -Predicted)/ Observed]*100
Method 2: Correlation coefficient between observed and predicted data was calculated
to show the trend in observed and predicted data. Correlation Coefficient: The
measure of linear relationship between the two variables.
Method 3: Paired T-Test was calculated to test if the deviation between the observed
and predicted values is zero (no difference between both values). In this analysis,
the deviations DDi µ− are assumed to be normally and independently distributed
with population mean zero (Snedicor and Cochran (1981). Thus, the sample mean
differenceD is normally distributed about Dµ with standard deviation or standard
error (SD) of the population of difference.

RESULTS  AND  DISCUSSION
Results were discussed under four main topics as follows:

1.Evaluation of applying CERES-RICE model to prediction of production and growth
of rice,
2.Case study analysis,
3.Prediction of crop production and growth of rice by The CERES- rice model under
climate change,
4.Effect of different sowing dates on the rice yield.

EVALUATION  OF  CERES-RICE  MODEL  TO  PREDICT  PRODUCTION  AND
GROWTH  OF  RICE:
Evaluation of the CERES-RICE model in Kafr El-Sheikh Governorate

The weather data for solar radiation, minimum, maximum temperature was
presented in Figures 1-3. Also, the same data for 2040 was also illustrated. The
CERES-RICE model was used to quantify variability in rice production and growth
over the two years, 1998 and 1999 in Kafr El-Sheikh Governorate. The model
simulated growth and rice production of eleven cultivars (Giza 171, Giza 172, Giza
176, Giza 177, Giza 178, Giza 181, Sakha 101, Sakha 102, Sakha 103, Sakha
104 and Egyptian Yasmine).
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Abstract: The primary subject of this paper is the procedure for forecasting UV-B radiation over
Aswan (32.78ºE, 23.97ºN). The forecast quantity of UV-B radiation is based on an empirical formula,
relating UV-B radiation to the global solar radiation and the total amount of ozone at Aswan. The UV-
B radiation forecast is produced in three steps. First, total ozone is estimated over Aswan using a
regression relationship between the thickness of two atmospheric layers and total ozone. Second,
we used the residual method to deduce a formula relating the global solar radiation values by means
of surface atmospheric variables. Finally, the forecasted total ozone and the forecasted global solar
radiation are fed to the formula to obtain the UV-B radiation forecast. The above steps were applied
for different seasons and also on the annual values. The highest strong correlation occurs during
autumn and winter for ozone, and at spring and autumn for global solar radiation.
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INTRODUCTION
Recent changes to the stratospheric ozone levels have attracted strong interest

from the scientific and environmental communities as well as from the policy makers.
The most significant influence on received clear-sky UV-B is that which results from
variation in the atmospheric ozone (Frederick et al., 1993). This result is very
important, especially when it is noted that the ozone column trend takes a downward
direction in extratropical latitudes (Bojkov et al., 1990). UV-B radiation levels at the
Canadian border have increased 4% per decade since 1980 (Brett, 1998). The amount
of UV-B radiation received at the ground level depends on various temporal, spatial
and meteorological factors, such as time of day, season, latitude, altitude, clouds,
surface albedo, ozone, air particulate and aerosols (Frederick et al., 1989). Any
small increases in UV-B flux could be offset by other competing factors. In fact,
some studies (Berger and Urbach, 1982; Scotto et al., 1988) have shown lower
levels of UV-B radiation reaching the ground. These decreases have been attributed
to scattering and absorption by pollutant gases and dust particles (Grant, 1988) and
also tropospheric ozone. The atmospheric parameters strongly affect UV-B values
measured at the surface of the earth.

It is known that Ω (the daily total ozone amount) is linked with the
meteorological conditions; this correlation has been appreciated since the beginning
of research on atmospheric ozone. Thus the fluctuation of daily total ozone becomes
an interesting feature in atmospheric research. Significant statistical relationships
between  Ω, measured in Dobson units (DU), and a number of meteorological variables
have long been known (e.g., Dobson et al., 1929; Reed, 1950; Normand, 1953;
Vaughan and Price, 1991; Abdel Basset and Gahein, 2000 and 2003).
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Figures 1-3. Weather data for global solar radiation in (1998-1999- and the predicted future 2040)
in Kafr El-Sheikh Governorate.

These relationships have recently been used in the short-term forecasting of Ω for
middle and high latitudes (Burrows et al., 1993, 1995; Poulin and Evans, 1994;
Austin et al., 1994; Vogel et al., 1995). These statistical relationships are, however,
regionally and seasonally variable in their strengths (e.g., Ohring and Muench, 1960;
Schubert and Munteanu, 1988; Mote et al., 1991; Petzoldt et al., 1994).

Early studies based on a limited number of ground station reports (e.g.,
Dobson et al., 1929) helped to establish a firm meteorological basis for the observed
daily variation of ozone. Reed (1950) pointed out that the variations are not only
caused by chemical processes but also have dynamical origins, expressed by
sudden increases in total ozone accompanying a marked increase in tropopause
pressure, such as found during the passage of a cold front or depression. This can
be interpreted simply as an increase in the depth of ozone and the ozone-rich
stratosphere or as a combination of vertical and horizontal advection of ozone.

Ozone absorbs most of the harmful ultraviolet radiation emitted by the sun
before it reaches the earth's surface. This absorption creates a heat source, which
leads to a heating layer in the atmosphere (stratosphere) giving a temperature increase
with height. The Laboratory of Atmospheric Physics (University of Thessaloniki)
provides an approach used for regional ozone forecasting (Vogel et. al., 1995); this
approach is based on results from detailed statistical calculations showing strong
correlation between Ω and a meteorological parameter in the lower stratosphere
and higher troposphere. From this point of view we can use the thermal structure of
atmosphere in the ozone forecasting technique. Ozone is found in two different
height regions in the atmosphere: at heights between about 10 and 50 km in the
stratosphere, and closer to the surface in the troposphere. The aim of this study is
to forecast the UV-B radiation from the global solar radiation and the total amount of
ozone at Aswan (32.78ºE, 23.97ºN).

DATA  AND  METHODOLOGY
Stratospheric ozone measurements at Egypt

A global network of ozone observing stations formed part of the ambitions
plans for the International Geophysical Year (IGY) of 1957. During this year, the
World Meteorological Organisation (WMO) assumed responsibility for the collection
of ozone data from the IGY. In collaboration with the International Ozone Commission,
the organisation developed and coordinated standard procedures, thereby ensuring
uniform high quality ozone measurements. As early as October 1967 the Egyptian
Meteorological Authority (EMA) introduced regular monitoring of ozone at Cairo using
the Dobson Spectrophotometer No. 96. During 1973 Cairo became Regional Ozone
Center (ROC) for ozone stations at North Africa and Middle East. One of the ROC's
responsibilities is the study of the variation of ozone over Egypt. Therefore, in 1984
the EMA started to measure ozone amount over Aswan (Upper Egypt) by Dobson
Spectrophotometer No. 69. To study the effect of South European Ozone (SEO) for
Egypt, EMA measured ozone by Brewer Spectrophotometer No. 143 over Mersa
Matruh (coastal station) at November 1998.
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3- Study the effects of different temperatures and solar radiation on rice production
in two seasons (1998 and 1999); 4- Predict crop production and growth of rice by
the CERES-RICE model under climate change; 5- The effect of different sowing
dates on the rice yield.

MATERIALS  AND  METHODS
Experiment data

Experimental data was carried out at Sakha, Kafr El-Sheikh Governorate,
Egypt, during two growing seasons of 1998 and 1999. The experiment included 11
varieties (Giza 171, Giza 172, Giza 176, Giza 177, Giza 178, Giza 181, Sakha 101,
Sakha 102, Sakha 103, Sakha 104, and Egyptian Yasmine). The experimental data
were converted to fit the models, and make comparisons between observed and
predicted data for the following:
1.Flowering date (Number of days from sowing to flowering),
2.Physiological maturity date (Number of days from sowing to physiological maturity),
3.Grain yield (kg /ha),
4.Biological yield (kg /ha).

Climatic data
The climatic data of the field experiments at Kafr El-Sheikh, i.e. the

temperature (maximum and minimum), global solar radiation and precipitation were
measured daily and an average was recorded for 10 days. The RegcM3  was used to
downscale the data for 1998 and 1999. For the data 2040 the global climate data
output from HADCM3 for SRES - A2 Scenario were used to as input data for RegcM3.
A comparison was held to evaluate performance of RegcM3 with 1998 and 1999 and
is given in Table 1. In addition, the latitude and longitude of the aforementioned
location are recorded as shown in Sakha (31o 07N—  and 30o 57N N). The Regcm3
were employed to run for the period April-October in the years 1998 and 1999. 1998
was chosen because according to information, the summer of this year was recorded
as the warmest in the last century in the study’s area. Comparisons between model
outputs and observations were carried out for the meteorological parameters needed
for the CERES-RICE model. The following table shows the relative error in percent
for both years.

Parameter/Month Apr May June July Aug Sep Oct 

3.6 3.1 2.9 3.3 3.1 2.8 3.2 
Temperature 

2.7 -2.9 -3.4 - 2.8 -2.5 -4.1 2.4 

3.7 -2.9 -1.8 -1.9 -4.4 2.9 3.1 
Solar Radiation 

4.4 3.9 2.9 -3.7 2.9 2.7 2.4 

- 9.6 - 7.8 -2.9 -4.4 -4.2 -3.8 -3.4 
Precipitation 

-8.1 -7.4 -5.3 -4.8 -5.6 -4.9 -5.8 

Table. 1. The relative error in percent for both years of study: 1998 and 1999. The upper values
correspond to 1998 while lower one corresponds to 1999.

Because the nature of ozone over the Red Sea area was unclear, WMO and EMA
started to measure the total amount of ozone over Hurghada (GAW station) by Dobson
Spectrophotometer No. 59 at (November 2000). Table 1 illustrates the location, WMO
numbers and Ozone ID number of our ozone stations. The instruments are maintained
in good condition, and we obtain high quality ozone data that is needed not only for
long-term monitoring but also in the forecasting technique of UV-B.

ECMWF Data
Meteorological upper air data used in this study has been taken from the

archives of the European Center for Medium Range Weather Forecasting (ECMWF).
It consists of the geopotential height (Z) in metres on regular latitude-longitude grid
points with resolution of 2.5o by 2.5o. The data available at 1200 UTC during the
period 1986 to 1989 at isobaric levels 1000, 850, 700, 500, 400, 300, 250, 200, 150
and 100 hPa. We obtained the geopotential height in metres over Aswan by
interpolation.

Residual Method
The success of a statistical forecasting method does to some extent depend

on the technique applied, but it depends even more on the selection of the predictors.
After choosing a number of predictors from the physical point of view, the problem is
determining the best way to use them. One method is by using them one by one in
successive correction manner. In this case we started with the best of these
predictors. The residual method has been applied to explore the possibility of
forecasting total ozone values by means of values of depth of heights (the thickness
of different layers). The values of Ω during the period of study have been taken as
dependent variable (predictand) and the corresponding values of the thickness of
different layers are the independent variables (predictors).

 Cairo Aswan Matruh Hurghada 

WMO No. 62371 62414 62306 62464 

Ozone ID. 152 245 376 409 

Latitude 

(degrees) 
30.08N 23.97N 31.33N 27.28N 

Longitude 

(degrees) 
31.28E 32.78E 27.22E 33.75E 

Elevation 

(metres) 
037 193 035 007 

Instrument Dobson # 096 Dobson # 069 Brewer # 143 Dobson # 059 

Elements 

measured 
O3 O3 

O3 

UV-B 
O3 

Started October 1967 December 1984 November 1998 November 2000 

Last 

calibration 
Dahab, 2004 Dahab, 2004  Dahab, 2004 

Table 1. The
Egyptian Ozone
Stations.
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Sowing date and locations and climatic data as it affects the timing and duration of
the vegetative and reproductive stages, contributes largely to yield and yield
components. Thus, any impacts of increasing CO2 and climate change on rice
grain yield could have profound impacts on productivity and food supplies. Today
one of the most promising applications of crop simulation model technology is its
ability to obtain reliable information about agricultural crop production. It has the
potential to revolutionise the detection and characterisation of many agriculture
phenomena.

A model is a simplified representation of the dynamics of a real-life system.
Crop-weather models have been defined as simplified representations of complex
relationships between weather and climate on the one hand and crop performance
(such as growth, yield or yield components) and on the other hand by using
established mathematical and/or statistical techniques (Baider, 1979). In recent
years, crop models have been advanced from restricted academic exercises and
tools with the potential for wide application in agriculture. Crop models are valuable
tools for synthesising our understanding of physiological processes, hypothesising
genetic improvement, and evaluating crop and soil management strategies (Boote
et al., 1996). The CERES-RICE model was developed (Ritchie et al., 1986) and
adapted the CERES-RICE cereal model to simulate growth of rice (Singh et al.,
1989). Adaptation of the CERES-RICE model is better option because it simulates
soil water balance, soil N balance, soil organic matter-residue dynamics, pest and
disease damage, and other processes. In addition, adaptation of CERES-RICE
allows the use of weather information, risk management, and geographic information
system (GIS)-spatial programs and to take advantage of the standard input file
conventions of the DSSAT models (Hoogenboom et al., 1994a; Jones et al., 1985
and Tsuji et al., 1998). The CERES-RICE model has been extensively used for
assessment of the impact of climate change on agricultural crop production
(Rosenzweig and Iglesias, 1994). If climatic changes as projected by atmospheric
scientists (IPCC, 1990) adversely affected crop production, Egypt would have to
increase its reliance on costly food imports. The rising trend of the global atmospheric
carbon dioxide concentration (CO2) is well established. Estimates of future increases,
range from 45 % to 115 % above the pre-industrial levels by the year 2040 (Pearman,
1988). This increase of CO2 is expected to induce a change in climate, but its
magnitude is still uncertain (Bolin, et al., 1986; IPCC, 1990). Assessments of the
impact of CO2 induced change on agricultural productivity are needed for both
scientific and policy making purposes. The complexity of climate – crop production
interaction makes simulation a useful and probably, the only practical approach
available for making the needed assessments.

The objective of the present study is to test the efficiency of the CERES-
RICE model in predicting rice yield and to study the effect of climate change on
yield prediction. More specifically, the aims of this study are: 1- To predict the yield
and growth of rice by the CERES-RICE model under Egyptian conditions; 2- To
calibrate and validate the model with experimental data;

First step: the correlation coefficient (r) between the values of total ozone and
the thickness of different layers (predictors) has been estimated. The predictor has
the strongest r with the predictand, which has been used to be the first predictor.
Then the regression line and the regression coefficients are determined. The error
between the actual and estimated value of total ozone was taken as a predictand.

Second step: the aforementioned error was subjected to the process performed
in the first step. The second step is repeated with new predictors (if we have many
predictors) until the additional predictors have no significant effect on the predictand,
and there is no need for any further iteration steps (i.e. the improvement can not be
expected to be very great with adding new predictors). This method was applied at
Aswan, and we deduced five equations:  and equation for each season and the fifth
to represent the annual variation.

ESTIMATION  OF  DAILY  TOTAL  OZONE  AMOUNT (Ω)
In this section we investigate the relationship between Ω in DU and the depth

of height in metres (the thickness of different layers of the atmosphere) at Aswan.
The method was based on the fact that short-term variations of total ozone content
can be brought into empirical relation with thermal structure of atmosphere, namely,
with short-term variations of tropospheric and stratospheric temperature.

We  investigated the relation between Ω and the thickness of two layers ∆Z1 and
∆Z2, where ∆Z1 is the height difference between 500 hPa and 1000 hPa or 700 hPa,
and ∆Z2 is the height difference between 100 hPa and 500 hPa or between  300 hPa
and 100 or 200 hPa. The strong relationship between Ω, ∆Z1 and ∆Z2 was used to
deduce a linear regression equation relating the above parameters. We used the
residual method to deduce such relationship and it was applied on the seasonal and
annual data.

The daily values of four years of geopotential height data from the ECMWF
with the actual measurements of Ω have been used to deduce five equations to
estimate Ω at Aswan. The last equation (1e) represents the daily values of the year
while the other four equations (1a- 1d) represents the four seasons.

Fig. 1a. Measured
and estimated Ω at
Aswan.
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Abstract. One significant impact of climate change is the effect upon agriculture. As much evidence
indicates that some remarkable changes could happen in the climate scenario. The present work
is mainly directed to discuss sensitivity of climate elements upon the rice production in Egypt. The
selection of rice is mainly dependent upon that rice represent strategic crop and
second rice comes to be in the second rank of crop cultivated in Egypt.

The CERES-RICE model was employed to understand physiological processes and yield of
rice production. CERES-RICE model is a mechanistic, process-oriented model from grain cereals
that includes crop development. The present work introduces two cases of climate change for the
sake of climate crop production relationship. The actual measurements for rice production
characteristics were used in the comparison between present and future. Meteorological data
(temperature, Solar radiation and precipitation) were extracted for the years 1998 and 1999 from
RegcM3  outputs. The climate data is used from HADCM3 for SRES - A2 Scenario for 2040 and
switched in RegcM3. The results of the work indicate changes in flowering dates, and also with
physiological maturity, production. On an average over the country with the climate change scenario
studied, the rice maturity period is projected to shorten by 20 % and yield decrease by 25.8 % on
average. The temperature sensitivity experiments have shown that for an increase in temperature,
there is a continuous decline in the yield.

Keywords: rice, Egypt, temperature, solar radiation, climate change, CERES-RICE model, HADCM2 ,
RegcM3, SRES-A2

INTRODUCTION
Rice (Oryza sativa L) is a major food source for much of the world. It is

cultivated in 113 countries, the staple food for over half the world’s population. The
United Nations launched the international year of rice in 2004. The year theme
“Rice is life” reflects the importance of rice as a primary food source, and is drawn
from an understanding that rice based systems are essential for food security,
poverty alleviation and improved livelihoods (Food and Agriculture Organization).
Rice is one of the most important field crops in Egypt cultivated throughout the
country. Cultivated areas in Egypt averaged more than 1.5 million fed. For dry
seed production this figure averaged 3.95 tons per fed person (Bulletin of
Agriculture Economics, Ministry of Agriculture, Egypt, 2002). The total cultivated
area during summer season is about 20 % of Egypt (Sedeek, 2001). It was sufficient
for local consumption and export (Aidy, 2000). Thus, maximising the productivity of
rice yield per unit area and improving its quality could be achieved through the
selection of the suitable cultural practices such as irrigation, fertiliser, and location,
climatic data, sowing date for each variety.

Table 2 shows the number of steps, the predictor used in each step, the regression
coefficients arising in each step (Ai, Bi), the mean absolute error (MAE) and root
mean square error (RMSE) arising from the error between the actual and estimated
data after each step, and multiple correlation coefficient (R) from a stepwise regression
analysis. It is clear that two predictors have been used to reach a reasonable total
multiple correlation values for the four seasons and the annual. The high value of the
total multiple correlation appeared in autumn.

Table 2. Aswan regression coefficients (Ai, Bi) of Ω estimation, (MAE), (RMSE), and (r) from a
stepwise regression analysis during (a) Winter, (b) Spring, (c) Summer, (d) Autumn, and (e) for the
annual data.

We applied the five deduced equations (1a-1e) to estimate Ω for the period
from 1 January to 31 December 2000, where the measured Ω was available on a
daily basis.

 (a) Winter  

Regression coefficients Step 

No 
Z 

Ai Bi 
MAE RMSE R 

1 500-1000 733.056 -0.08336 9.7527 12.4154 -0.46 

2 100-500 936.2444 -0.08763 9.3011 12.0145 0.61 

)1(50010008763.0100050008336.03004.1669 aZZ  

(b) Spring  

Regression coefficients Step 

No 
Z 

Ai Bi 
MAE RMSE R 

1 500-700 717.0259 -0.16143 11.1951 14.3955 -0.3 

2 200-300 665.3124 -0.24485 10.5451 13.2608 -0.5 

)1(30020024485.070050016143.03383.1382 bZZ  

 (c) Summer  

Regression coefficients Step 

No 
Z 

Ai Bi 
MAE RMSE R 

1 500-1000 741.1255 -0.07762 6.9683 8.7716 -0.3 

2 100-500 609.8589 -0.05633 6.6506 8.4029 0.58 

)1(50010005633.0100050007762.09844.1350 cZZ  

 (d) Autumn  

Regression coefficients Step 

No 
Z 

Ai Bi 
MAE RMSE R 

1 500-1000 -333.5746 0.10351 5.8274 7.3449 0.62 

2 100-300 -67.3821 0.00972 5.8002 7.3390 0.75 

)1(30010000972.0100050010351.09567.400 dZZ  

 (e) Annual  

Regression coefficients Step 

No 
Z 

Ai Bi 
MAE RMSE R 

1 500-1000 -159.6035 0.07504 11.5462 14.4819 0.46 

2 100-300 -522.9647 0.07528 11.1586 14.1015 0.65 

)1(30010007528.0100050007504.05682.682 eZZ  
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Figure 1a shows the measured and estimated values of Ω during the aforementioned
period, and Figure 1b illustrates the measured and estimated values of Ω for the four
seasons. Generally, the highest agreement between the measured and estimated
values of Ω occurred during the summer and autumn seasons. Also a good agreement
between the measured and estimated values of Ω appeared with the annual pattern,
except during October and November.

ESTIMATION  OF  DAILY  GLOBAL  SOLAR  RADIATION  (G)
The daily global solar radiation (G) in MJ m-2 was estimated depending on

meteorological variables: mean, maximum, and minimum surface temperature
(Tmean, Tmax, Tmin) in degrees Celsius (ºC).

Fig. 1b. Measured and
estimated Ω at Aswan
during the different
seasons.
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One would normally expect  that stations in this tropical area should have
primary maximum and primary minimum pressure occurring during the day time.
But analysis of the barograms of Trivandrum, Alappuzha, Kozhikode and Minicoy
for the years 1993, 1994 and 1995 reveal that the pressure variations over most of
these stations appear to have some striking peculiarities. For a number of days,
the primary maximum occurs in the night, the maximum number of days of
primary maximum occurring in the night is found especially in the months of May
to September. This aspect is very strange and peculiar and further study would
be necessary to find out the reasons for these results. Primary maximum
occurring in the night in the tropics is rather rare that too for a large number of
days. An island station Minicoy which is in the same latitude as Trivandrum too
report night maximum but to a fewer number of days.

The predominant frequency of the occurrence of primary maximum in the
day and primary minimum in the day is the highest in these stations. Frequency
of occurrence of primary maximum in the night and primary minimum in the day
is the second largest. Especially months May to September which both have the
largest number in this category (in Trivandrum and Allappuzha) though to a lesser
extent in Kozhikode and Minicoy. From the three years considered in the study
for these stations there is a significant inter seasonal and inter annual variation in
the occurrence of primary maximum in the night and primary minimum in the day
during the months June to September. It may be mentioned that the primary
maximum pressure occurring in the night in these stations was even 1 to 1.5 hPa
higher than that of the maximum pressure value in the day for a few days. It is
worthwhile noting that the diurnal variation of temperature is the least during the
months June to September in Kerala and is of the order of about 5 oC. only.

The peculiarities observed in these stations require a detailed investigation.
It may be mentioned that a similar study of stations in the east coast like
Tuticorin and Nagapattinam may reveal whether this is peculiar to this area alone
or whether it is in the east coast also.
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Also daily mean relative humidity (RH), cloud amount (CLD) as a fraction of tens,
and daily mean surface pressure (PRESS) in hPa. We deduced a statistical
regression equation relating the global solar radiation G (as dependent variable) to
the above meteorological variables (as independent variables). We used also the
residual method to deduce the relation between the global solar radiation (G) and
the various surface parameters.

(a) Winter   

Regression coefficients Step 

No 
Predictors 

Ai Bi 
MAE RMSE R 

1 RH 23.50082 -0.16158 1.7637 2.2167 -0.45 

2 CLD 0.75657 -0.98957 1.5431 1.8876 -0.52 

3 PRESS -159.9828 0.16091 1.5243 1.8292 0.625 

4 Tmax-Tmin -1.09058 0.08274 1.5124 1.8201 0.699 

minmax08274.0

)2(16091.098957.016158.081599.136

TT

aPRESSCLDRHG
 

 
(b) Spring  

Regression coefficients Step 

No 
Predictors 

Ai Bi 
MAE RMSE R 

1 CLD 26.65243 -1.51004 1.9966 2.6661 -0.68 

2 RH 4.74032 -0.2062 1.6747 2.3267 -0.704 

3 Tmean -0.99396 0.03901 1.6649 2.3154 0.742 

4 PRESS -83.23336 0.08413 1.6492 2.2944 0.783 

PRESS

bTRHCLDG
mean

08413.0

)2(03901.02062.051004.183457.52
 

 

(c) Summer  

Regression coefficients Step 

No 
Predictors 

Ai Bi 
MAE RMSE R 

1 CLD 27.8362 -0.9285 1.0343 1.3104 -0.44 

2 Tmean 9.14503 -0.2659 0.9419 1.2111 0.498 

3 RH 2.94426 -0.15168 0.8632 1.0995 0.592 

4 PRESS -40.5999 0.04124 0.86 1.0967 0.67 

PRESS

cRHTCLDG
mean

04124.0

)2(15168.02659.09285.067441.0
 

 

(d) Autumn  

Regression coefficients Step 

No 
Predictors 

Ai Bi 
MAE RMSE R 

1 Tmean 6.41325 0.50103 1.6533 2.0229 0.78 

2 CLD 0.54622 -1.26147 1.4307 1.7017 0.804 

3 PRESS 45.43114 -0.04594 1.4226 1.6958 0.82 

4 RH -0.16302 0.00583 1.4205 1.6949 0.86 

RH

dPRESSCLDTG
mean

00583.0

)2(04594.026147.150103.022759.52

(e) Annual 

Regression coefficients Step 

No 
Predictors 

Ai Bi 
MAE RMSE R 

1 RH 32.23647 -0.35907 2.4694 3.1366 -0.77 

2 CLD 0.70514 -0.98547 2.2880 2.9060 -0.78 

3 PRESS 168.3881 -0.17038 2.1727 2.8265 0.803 

4 Tmax-Tmin 1.97953 -0.14135 2.1605 2.8071 0.825 

)(14135.0

)2(17038.098547.035907.030924.203

minmax TT

ePRESSCLDRHG

Table 3. Aswan regression
coefficients (Ai, Bi) of (G)
estimation, (MAE),
(RMSE), and (r) from a
stepwise regression
analysis during (a) Winter,
(b) Spring, (c) Summer, (d)
Autumn, and (e) for the
annual data.
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WEATHERVIEW: JANUARY 2006

three years 1993, 1994, and 1995 in July and August primary maximum occurring in
the night and primary minimum in the day seems to be a predominant type of pressure
variation while this was so in Alappuzha too but for the year 1994 and while  this was
significant in Kohzikode amd Minicoy in 1994. A diagram showing the stations
considered is given in Fig 1.

The occurrence of primary maximum in the night pre pondering the normal
expectation  of the primary maximum in the day requires a very detailed study
during the period of June to September in this area. The diurnal variation of pressure
is a combination of thermal influence and tidal oscillation of the atmosphere leading
to two maxima and two minima. It is generally believed that the occurrence of two
maxima and two minima values of pressure in the tropical area is 1) due to the
temperature which is normally known as the thermal influence and the 2) is due to
tidal influence which is normally known as the tidal oscillation.
CONCLUSIONS

Fi.g.  1. Station
locations  chosen for
the study in South
India. 1) Trivandrum,
2) Alappuzha, 3)
Kozhikode, and 4)
Minicoy.

The values of G during the period of study have been taken as the dependent variable
(predictand) and the other variables (RH, CLD, PRESS, Tmax, Tmin and Tmean) as
predictors. Since there are significant differences between observed G in different
seasons, we developed five separate relations, one to represent the annual and the
other to represent the four seasons. Table 3 shows the number of steps (the number
of predictors), the regression coefficients arising in each step (Ai, Bi), the mean
absolute error (MAE) and root mean square error (RMSE) arising from the error between
the actual and estimated data after each step, and multiple correlation coefficient
(R) from a stepwise regression analysis. The results have been illustrated in Table 3
and Figure 2. It can be shown that:
• Good agreement between the actual and estimated annual values of G (Figure
2a), where the total multiple correlation reached 0.825 after using four predictors.
The higher values of G over Aswan occurred during the summer season.

• In summer, although we start with small R=-0.44 with the first predictor CLD,
we reached a reasonable total multiple correlation value (0.67) after using the four
predictors.
• For autumn, the total multiple correlation reached 0.86 after using four
predictors. This high value of the total multiple correlation has appears clear in
Figure 2b, where a good agreement between the two time series was observed.

Equations 2a to 2e illustrate the multiple regression equations for the four
seasons and for the annual pattern. They were applied to another separate period of
data to evaluate their accuracy. Figure 2a shows the actual and estimated daily
global solar radiation in 1998.

Fig. 2a. Measured
and estimated daily
total global
radiation at Aswan
during 1998.
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It can be easily seen from Table 5 that the station Trivandrum has in these

Table 4. Frequency distribution for the year 1995 tabulated as the number of days each of the
different categories of pressure variation occurred at Minicoy.

 

 

 

 

Month 

Primary max 

in the day and 

primary 

min in the day 

Primary max 

in the day and 

primary min in 

the night 

Primary max 

in the night 

and primary 

min in the day 

Primary max 

in the night and 

primary min 

in the night 

Jan 28 3 0 0 

Feb 20 8 0 0 

March 29 2 0 0 

April 23 5 2 0 

May 23 5 3 0 

June 23 4 2 1 

July 16 8 6 1 

August 21 4 6 0 

September 28 2 0 0 

October 26 3 2 0 

November 26 2 2 0 

December 30 1 0 0 
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Pri 

max 

in 

night 

pri 

min 

in 
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Trivandrum 

 

   

June 16 5 8 1 12 7 9 2 10 7 10 3 

July 12 6 13 0 11 9 10 1 11 3 16 1 

August 15 5 11 0 15 5 10 1 11 2 17 1 

September 19 3 8 0 15 4 11 0 19 1 10 0 

Alappuzha 

 

 

June 19 7 3 1 13 14 3 0 16 4 8 2 

July 10 7 14 0 17 11 3 0 11 4 14 1 

August 10 6 15 0 18 4 8 1 12 2 17 0 

September 23 2 5 0 28 2 0 0 22 0 8 0 

Kozhikode 

 

 

June 15 13 2 0 16 8 4 2 14 6 9 1 

July 13 9 8 1 9 6 12 4 18 4 8 0 

August 16 9 5 1 14 6 11 0 18 6 7 0 

September 27 1 2 0 13 1 15 1 25 0 5 0 

Minicoy 

 

 

June 16 9 2 3 11 14 5 0 23 4 2 1 

July 13 12 5 1 16 4 8 3 16 8 6 1 

August 16 6 9 0 13 7 11 0 21 4 6 0 

September 25 1 4 0 25 4 1 0 28 2 0 0 

Table 5. Total frequency distribution of the total number of days in each of the different
categories of pressure variations from each of the stations: Trivandrum,
Alappuzha,Kozhikode and Minicoy  in the years 1993,1994, and 1995.

 It also illustrates that the estimated values of the daily total global radiation are
more perturbed than the actual values. These differences (fluctuations) between
actual and estimated data are not found in Figure 2b, which means that it is better
to deduce the global solar radiation from the seasonal equations than the annual
equation. Figure 2a shows a good agreement between actual and estimated values
of G for the four seasons, especially summer.

ESTIMATION  OF  DAILY  UV-B  IRRADIANCE
As a result of the documented strong relation between UV-B radiation and

global solar radiation and also with ozone, this enabled us to deduce an equation
relating UV-B radiation to G and Ω. In this section we applied the residual method to
obtain an empirical formula deducing UV-B (dependant variable) from G and Ω
(independent variables). Table 4 shows the number of predictors, the regression
coefficients arising in each step (Ai, Bi), the MAE and RMSE between the actual and
estimated data after each step, and multiple correlation coefficient (R) from a stepwise
regression analysis. It is clear that the total multiple correlation reached a value of
more than 80 % in the four seasons via our two predictors (G and Ω). The highest
total multiple correlation, occurring in autumn, of 0.95 is quite high, so it is associated
with lowest MAE and RMSE (0.0022 and 0.00267).

(a) Winter  

Regression coefficients Step 

No 
Predictors 

Ai Bi 
MAE RMSE R 

1 Global -0.00963 0.00283 0.00308 0.00413 0.872 

2 Ozone 0.02838 -0.00011 0.00291 0.00384 0.889 

(3a)00011.000283.001875.0 GUVB  

(b) Spring  

Regression coefficients Step 

No 
Predictors 

Ai Bi 
MAE RMSE R 

1 Ozone 0.04004 0.00012 0.0079 0.00946 0.672 

2 Global -0.08238 0.00318 0.0037 0.00468 0.88 

(3b)00012.000318.004234.0 GUVB  

(c) Summer  

Regression coefficients Step 

No 
Predictors 

Ai Bi 
MAE RMSE R 

1 Ozone 0.04993 0.00011 0.005 0.0075 0.54 

2 Global -0.0673 0.0024 0.0037 0.0063 0.80 

(3c)00011.00024.001737.0 GUVB  

(d) Autumn  

Regression coefficients Step 

No 
Predictors 

Ai Bi 
MAE RMSE R 

1 Global -0.01989 0.00347 0.0023 0.0028 0.943 

2 Ozone -0.00374 0.00001 0.0022 0.00267 0.954 

(3d)00001.000347.002363.0 GUVB  

Table. 4. Aswan
r e g r e s s i o n
coefficients (Ai, Bi)
of daily UV-B
r a d i a t i o n
estimation, (MAE),
(RMSE), (r) from a
s t e p w i s e
regression analysis
during (a) Winter,
(b) Spring, (c)
Summer, (d)
Autumn.
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The months June to September appears to have a prominence for the frequency of
primary night maximum and primary day minimum in all almost all stations considered
though to a lesser extent in Kozhikode  and Alleppey. An attempt was made to
compare the months June to September alone for the years 1993, 1994, and 1995
for the stations Trivandrum, Alappuzha, Kozhikode and Minicoy. The details are given
in Table 5

 

 

 

 

Month 

Primary max 

in the day and 

primary 

min in the day 

Primary max in 

the day 

and primary 

min 

in the night 

Primary max in 

the 

night and primary 

min in the day 

Primary max 

in the night 

and primary 

min in the 

night 

Jan 27 1 3 0 

Feb 24 0 4 0 

March 25 0 6 0 

April 19 2 9 0 

May 13 3 13 2 

June 16 4 8 2 

July 11 4 15 1 

August 12 2 17 0 

Sep 22 0 8 0 

Oct 22 0 9 0 

Nov 19 1 10 0 

Dec 31 0 0 0 

Table 2. Frequency distribution for the year 1995 tabulated as the total number of days each of the
different categories of pressure variations occurred at the Alappuzha station.

Table 3. Frequency distribution in the year 1995 tabulated as the number of days each of the
different categories of pressure variation occurred for the station of Kozhikode.

 

 

 

Month 

Primary max in 

the 

day and primary 

min in the day 

Primary max in 

the day and 

primary 

min in the night 

Primary max in 

the 

night and primary 

min in the day 

Primary max in 

the 

night and primary 

min in the night. 

Jan 27 2 2 0 

Feb 27 1 0 0 

March 31 0 0 0 

April 25 1 4 0 

May 24 3 4 0 

June 14 6 9 1 

July 18 4 9 0 

August 18 6 7 0 

Sep 25 0 5 0 

Oct 27 1 3 0 

Nov 27 1 2 0 

Dec 31 0 0 0 

Equations 3a to 3d represent the obtained empirical formulas used to estimate
UV-B radiation for each season. To verify these equations we applied them to discrete
periods of data during different seasons. Very good agreement between the actual
and estimated values of UV-B radiation occurred in the different seasons, as shown
in Figure 3.

CONCLUSIONS
The relationships between ozone content with the thickness of two different

layers in the troposphere have been investigated over a period of four years. We
found that there is strong correlation between ozone and the thickness of layers for
the four seasonal and the annual values. The residual method has been used to
evaluate linear regression equations relating the total amount of ozone to the thickness
during the four seasons and the annual.

Fig. 2b. Measured and
estimated G at Aswan through
the different sasons.
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variation.

Very rarely there may be one or two occasions when the night maximum may be the
primary maximum in a tropical area. But the author was indeed surprised by a large
number of days of primary maximum occurring in the night at Trivandrum and this
forced the author to see how the pressure variation behaved in the year 1994 and
therefore tabulated it in the same way. It was seen that between May and September,
on 30 % of the days the primary maximum in the night and primary minimum in the
day is the most prominent type. It was decided to see whether such variations in
another station about 150 km north of Trivandrum, Alappuzha and another station
400 km north of Trivandrum, Kozhikode along the west coast was analysed for the
same year 1995. The frequency distribution for Alappuzha and Kozhikode for 1995
is given in Table 2 and 3.

In Alappuzha the frequency of primary maximum in the night and primary
minimum in the day also appears to be prominent in July and August while in
Kozhikode, this is the case in June to August, although the frequency of primary
maximum in the night and primary minimum in the day is high it is not very prominent
like the other two stations (Trivandrum and Alappuzha). There is an island station
Minicoy in Lakshadweep islands which is almost in the same latitude as Trivandrum.
These stations’ barograms were examined and the frequency distribution (as per
the given 1995 classification is shown in Table 4.

It can be seen from Table 4 that the primary maximum in the night and primary
minimum in the day frequency in July and August is seen on a few occasions as in
Kokzhikode and it is not predominant, though in Trivandrum in July and August the
primary maximum occurring in the night and primary minimum in the day is very
prominent, in spite of the fact that Minicoy and Trivandrum are almost in the same
latitude.

Table 1. Frequency distribution of pressure variations tabulated as the number of days each of the
categories occurred for the station Trivandrum in 1995

                                                  

 

 

Month 

Primary max in 

day 

and primary 

min in day 

Primary max in 

day and 

primary min in 

night 

Primary max in 

night and 

primary 

min in day 

Primary max in 

night and 

primary min in 

night 

Jan 21 4 6 0 

Feb 21 4 3 0 

March 22 2 7 0 

April 15 2 13 0 

May 15 2 9 5 

June 10 7 10 3 

July 11 3 16 1 

August 11 2 17 1 

September 19 1 10 0 

October 22 4 5 0 

November 22 3 5 0 

December 23 2 6 0 

These equations were applied to another period and promising results were found,
which will lead to an estimate of the amount of ozone from the thickness. Also, we
deduced five regression equations to estimate the global solar radiation using
meteorological variables.

Fig. 3. Measured and  estimated daily UV-B radiation at Aswan through the different seasons.
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This differs very much from the times maximum pressure occurs of the diurnal wave
at the other mountain station Old Glory (Lat 49 deg N Long 118 deg W elevation
2347 m) which is about 60 m higher in elevation. While studying the pressure variations
of the two mountain stations in India, Kodaikanal (Lat 10 o14 ‘N, Long 78 o28 ‘E,
elevation 2343 m) and Ooty (Lat 11 o36 ‘N, Long 76 o24 ‘E, elevation 2207 m),
Narayanan and Lakshminarayanan (1972) noticed that the night maximum is the
absolute maximum at Ooty and so also the absolute minimum at Ooty, which is the
opposite at Kodaikanal. Again Lakshminarayanan (1973) studied the pressure
variations over stations of Srinagar, Leh, Simla, Gangtok and Kathmandu. Blanford
(1878, 1879) pointed out that in Simla “except in July and August the curves exhibit
uniformly the peculiarity which was pointed by Plantamour in the case of the great
St. Bernard that the early morning minimum is the absolute minimum of the day”.
Encouraged by the occurrence of primary maximum pressure in the night in some
mountain stations, the author wanted to see whether such things happen in coastal
stations of Kerala for which data was readily available.

EXAMINATION  OF  BAROGRAMS,  SCRUTINY  AND  TABULATION.
On a cursory glance of Trivandrum barograms for the month of July it was

noticed that the primary maximum of pressure occurred during a number of days in
July in the night. This was one of the reasons Trivandrum was selected and later the
other stations Alappuzha, Kozhikode and Minicoy were selected. Barograms of all
these stations are changed everyday in the morning between 0800 IST and 0900 IST.

Since there seem to be two maxima and two minima in this period of time, the
barograms were divided into four categories to ensure all combinations were studied,
as follows:

1) Primary maximum occurring in the day and primary minimum occurring in the day,
2) Primary maximum occurring in the day and primary minimum occurring in the night,
3) Primary maximum occurring in the night and primary minimum occurring in the day,
4) Primary maximum occurring in the night and primary minimum occurring in the night.

An analysis of Trivandrum barograms for the year 1995 was done as per the above
four categories and the frequency distribution is given shortly.

From Table 1 it can be seen that the predominant distribution is primary
maximum occurring in the day and primary minimum occurring in the day. However
in the month of July and August the frequency of the primary maximum in the night
and primary minimum in the day is the predominant distribution. It may be mentioned
that June to September is the southwest monsoon season and diurnal variation of
temperature is the least in these months in Kerala and is only 5 to 6 oC. The entire
area of Kerala will therefore be cloudy and rainy normally during these months of the
southwest monsoon period, June to September. One finds that in the peak monsoon
months of July and August primary maximum in the night and primary minimum in
the day appears to be prominent one in the frequency distribution of the pressure

We found strong correlation between UV-B and global radiation; we achieved 87 %
and 94 % correlation during the winter and autumn seasons respectively. We obtained
multiple regression equations to estimate UV-B from ozone and global solar radiation,
with 88 % correlation during winter and spring and 80 % and 95 % during summer
and autumn respectively.
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