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1. Introduction

The global warming due to rise of CO,
concentration will lead to crop productivity
increase in many of the cold latitudes but decrease
in many of arid land area due to high temperature
stress or drought. Not only temperature rise but
also rainfall pattern changes accompanying the
global warming. That is, it is considered that
drought will progress further in arid land area and
heavy rain will occur frequently in wet zone.

In this report, distribution property of rainfall and
temperature were obtained from time series data in
Saga. Then, we simulated daily rainfall and
temperature using the Monte Carlo method and
investigated the impact of crop yield with
simulated occurrences of temperature and rainfall
using the SWAP model.

2. Change of temperature and rainfall in Saga
city

Fig.1 and 2 show the change of annual mean
temperature and annual rainfall in Saga city for
1961-1999, respectively. As shown in Fig.1, annual
mean temperature tends to increase. On the other
hand, though annual rainfall changes greatly at
each year, it does not tend to increase as a whole.

Fig.3 shows the variation of day number of daily
rainfall greater than 20mm and 50mm. Both day
numbers increase gradually since 1980. Thus, it is
considered that rainfall property of Saga in recent

years is characterized by an increase in rainfall

intensity.
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Fig.1 Variation of temperature in Saga (1961-1999)
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Fig.2 Variation of rainfall in Saga (1961-1999)
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Fig.3 Day number of daily rainfall 20mm and
50mm over in Saga (1961-1999)

3. Simulation of rainfall

The amount of water supply, which is made
available for plant, has a significant effect on the
crop yield. Moreover, the interval of water supply



may also have an effect on the crop yield, because
the development stage that crop yield decrease
owing to water stress is present in crop growth.
Thus, in order to investigate the relationship
between rainfall pattern and crop yield, rainfall
pattern is analyzed by the probabilistic approach
and rainfall is simulated.

Rainfall is characterized statistically by the
occurrence probability of rainfall phenomenon and
the probability distribution of rainfall. Rainfall
records for 39 years are used to derive rainfall
model parameters. It is necessary to consider the
previous time period in calculating the probability
of rain for a given day, the Markov Chain
phenomenon. A day is defined as wet if 0.25mm or
more rainfall occurred on that day. The conditional
probabilities of rainfall P(W/D) and P(W/W) are
obtained from the measured meteorological data
for 1961- 1999. P(W/D) is the conditional
probability that any day during W™ week will be
wet, given that the previous day was dry. P(W/W)
is the conditional probability that any day during
i-th week will be wet, given that the previous day
was wet. Fig.4 shows P(W/D) and P(W/W) in
Saga.
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Fig.4 Rainfall probabilities for rainfall
greater than 0.25mm at Saga

Next, Markov model is used for daily rainfall
occurrences. The persistency of rainfall is
represented by a Markov process”, and the
probability distribution of rainfall is taken as
log-normal distribution. Then, daily rainfall is
simulated using the Monte Carlo method”.

4. Simulation of temperature
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The probability distribution of temperature is
represented as the normal distribution. From the
measured temperature, the averages and standard
deviations of temperature are computed for each
day of the year for dry days and for wet days.
These values are shown in Figs.6-9, and are
expressed as the following polynomial equations
(1)-(8). Then, daily maximum and daily minimum
temperatures are simulated based on the normal
curve combined with the Monte Carlo method.
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where W is week number, MDT,,,. and MDT,,, are
the average daily maximum and daily minimum
temperature for dry days of the W™ week, SDTu
and SDT,,;, are the standard deviation of maximum
and minimum temperature for dry days of the W™
week, MWT,,.. and MWT,,, are the average daily
maximum and daily minimum temperature for wet
days of the W™ week and SWT,,, and SWT,,, are
the standard deviation of maximum and minimum



temperature for wet days of the W™ week.
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5. Simulation of SWAP model
(1) Analytical condition

SWAP ) is a computer model that simulates
water flow, solute transport and crop growth
according to current modeling concepts. The
program is designed for integrated modeling of
the Soil-Atmosphere-Plant System. The input
data of SWAP are meteorology, crop, irrigation,

65

soil, drainage and surface water.

Daily meteorological data of Saga City weather
station (1999) is used. Masa soil of one-layer is
assumed, and it is divided into compartments as
shown in Fig.10. The soil hydraulic function of
Masa soil is expressed by the Mualem-van
Genuchten equation4) (9)-(11).
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Fig.10 Cross section used in the analysis

Parameter ¢ and »of these equation are obtain
by the method of nonlinear least squares of
measured data. Figs.11 and 12 show the calculated
and measured values of h,0 and K . The field is
cultivated with soybean, which emerges 1 August,
and is harvested 1 November.
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where @ is the moisture content, 6, is the
residual moisture content (=0.125 cm3/cm3),
0., is the saturated moisture content (=0.495
em’/em®), @=0.06182, h is the soil water
pressure head, n=1.51465, m=1-1/n, Kis
the unsaturated hydraulic conductivity, K, the
saturated hydraulic conductivity (=1500cm/day),



S is the relative saturationand 4=0.5.
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(2) Results and Discussion

The yearly average of simulated rainfall is
1664.0mm compared to an actual average of
1856.4mm computed from 1961 to 1999 for
Saga City. The simulated yearly total rainfall
ranges from 1000.0mm to 2768.3mm, while
observed yearly total ranges from 1013.5mm to
2627.5mm. Therefore,

simulated rainfall values are close to observed

on a yearly basis,

values.

Another important consideration in comparing
simulated rainfall data with observed rainfall
data is the frequency of occurrences of wet days,
or the distribution of the number of consecutive
dry days, referred to as dry runs. The number of
times that only one day separated rainy days is
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counted for the simulated data for 39 years of
observed data. This process is repeated for 2
days, 3 days and so on until the longest dry run
is counted. The results of this comparison are
shown in Fig.13. As shown from this figure, the
simulated data are in good agreement with the
observed data. Based on these comparisons, it is
shown that the Markov Chain model can be
effectively used to simulate rainfall data using
the Monte Carlo method of simulation.
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Fig.13 Comparison of dry sequence lengths from
actual data and simulated data.

Figs.14 and 15 show the average daily maxi-
mum and daily minimum temperatures for both
simulated data and observed data for wet days and
for dry days, respectively. These figures indicate
that the simulated temperatures follow the actual
data the entire year for both wet days and dry days.
Therefore, it is shown that the normal curve
the Monte Carlo method of
be used to generate daily

combined with
simulation can
temperature data.

Daily rainfall,
minimum temperature in 2003-2103 are simulated

daily maximum and daily

30 times. In simulating daily temperature, average
temperature is projected to increase by 2.2°C over
the period 2003 to 2103. Using these simulated
data, yields of soybean in 2003-2103 are calculated
by the SWAP model. daily
meteorological data are used from measured data
of Saga City weather station in 1999.

Here, other
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Fig.14 Comparison of actual data and simulated
data for wet days.
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Fig.15 Comparison of actual data and simulated
data for dry days.

Fig.16 shows the variation of average yield of
soybean in 2003-2103, which average yield is the
mean value that we calculated 30 times by the
SWAP model at each year. As shown in this figure,
average yield of soybean tends to decrease and
average yield in 2103 is 13 % reduction as
compared with that in 2003.
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Fig.16 Variation of average yield of soybean.

Fig.17 shows the variation of occurrence
probabilities that yields are 10%, 20%, 30%
reduction and 10% increase as compared with the
average yield of soybean in 2003 (5176 kg/ha). As
shown in this figure, occurrence probabilities of
yield of 10%, 20% and 30% reduction increase
gradually, they are 60%, 27% and 13% in 2103,
respectively. On the other hand, occurrence
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probability of yield of 10% increase drops, it is

6.6% in 2103.
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Fig.17 Variation of occurrence probability of yield

based on the average yield in 2003.

6. Conclusions
The impact of rainfall and temperature in Saga
on crop yield was investigated numerically using
the SWAP model. The annual mean temperature in
Saga increased for 1961-1999. On the other hand,
though annual rainfall changed greatly at each year,
it did not tend to increase as a whole. Day number
of daily rainfall greater than 20 mm and 50 mm
increased gradually since 1980. Therefore, it was
considered that rainfall property of Saga in the
recent year was characterized by an increase in
rainfall intensity. From the probabilistic approach,
daily rainfall occurrences were represented by the
Markov Chain model, and daily rainfall was
simulated by the Monte Carlo method. And, daily
maximum and daily minimum temperature were
simulated based on the normal curve combined
with the Monte Carlo method. Simulated data of
rainfall and temperature agreed well with observed
data. Change of crop yield (soybean) with
simulated daily rainfall and daily temperature was
investigated numerically using the SWAP model.
As a result, if the present rainfall property was
maintained and average temperature was projected
to increase by 2.2°C over the period 2003 to 2103
, it was estimated that crop yield in 2103 would be
10-20% reduction as compared with that in 2003.
In predicting the change of crop yield
accompanying the global warming using the
SWAP model, it is necessary to obtain the
meteorological data from probabilistic approach



and investigate the existence of serious decrease in

crop yield by repeating simulation using the

obtained meteorological data.

In the future, we are planning to predict crop

production of wheat and maize as main crops in

Turkey using the SWAP model under the various

climate scenarios.
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