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Dew point temperature is very important in various fields including
meteorology for weather forecasts. Therefore, it is necessary to provide
suitable models to accurately predict the value of this meteorological
variable for the practical use of agricultural engineers and nearby stations
where it is not possible to measure this temperature. In the present study,
we investigated the ability of four data-driven models, including gradient
reinforcement tree, M5P tree model, random forest, and random forest
optimized with genetic algorithm, in estimating daily dew point
temperature. For this purpose, the daily meteorological data of two stations
in Ardabil and Parsabad were used in the period of 2014 to 2019. The used
meteorological parameters include minimum, maximum, and average
temperature, relative humidity, sunshine hour, and wind speed, which were
considered input variables for each of the mentioned models in 10 different
combinations. The comparison of the results obtained for both stations
showed that the M5P-8 model with a root mean square error of 0.54°C and
a Wilmot coefficient equal to 0.998 in the Ardabil station and the M5P-6
model with a root mean square error of 0.29°C and Wilmot coefficient
equal to 1.00 was introduced as the best models in Parsabad station.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

balance and greenhouse gases. DPT is not
measured and recorded relative to common

Dew point temperature (DPT) is the temperature
at which the moisture or vapor in the air is
converted to liquid water at a constant pressure
due to the high concentration of water molecules.
Accurate estimation of this temperature plays an
important role in estimating frost, snow, rain,
humidity, and other meteorological parameters.
Long-term changes in dew point temperature can
be very effective in regulating the energy
adjacent to the earth's surface and the water
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meteorological parameters such as rainfall and
relative humidity at many meteorological
stations, but is mainly estimated using regression
methods, which in most cases estimated data are
not reliable. Today, intelligent systems based on
data mining have been considered in modeling
hydrological and meteorological processes.
According to the conducted research, the
importance of using data-driven methods in
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Comparison of Models in Estimating Daily Dew Point Temperature

estimating the
determined.

dew point temperature is

Moreover, the review of the sources showed that
the evaluation of the abilities of the mentioned
models in estimating the dew point temperature
has not been done so far. Therefore, in this
research, using different meteorological data in
different combinations as input to M5P tree
models, Gradient boosted tree (GBT), random
forest (RF) and random forest optimized with
genetic algorithm  (RF-GA), dew point
temperature in two synoptic stations of Ardabil
province will be estimated. Also, using a genetic
algorithm, the values obtained from RF models
will be optimized. Finally, by comparing the
results of different scenarios in the two studied
stations, the most accurate model will be selected
and introduced in each station. Finally, the
mathematical equations provided to accurately
estimate this temperature in nearby stations
where it is not possible to measure and record the
dew point temperature can be used by
researchers and agricultural engineers.

Material and Methods

In the present study, daily meteorological data of
Ardabil and Parsabad stations including mean
temperature, minimum temperature, maximum
temperature, relative humidity, sunshine hours,
wind speed, and dew point temperature were
used for a period of 16 years (2005-2011). Based
on this, 10 combined scenarios of meteorological
variables were defined as the input of the studied
models. These combinations were defined based
on the correlation coefficient between the dew
point temperature parameter of each station and
other meteorological parameters of that station.
The methods used in the present study include
GBT, M5P, RF, and RF-GA. In this research,
70% of the data is considered for training and
30% for testing. The results obtained from these
models were compared using statistical indices
such as coefficient of determination (R?), root
mean square error (RMSE), and Willmott’s index
(W1), and the best models were selected.

Results

The results showed that at the Ardabil station,
M5P-8 and M5P-10 models with R? = 0.994, WI
= 0.998 and the RMSE = 0.54 °C had the best
performance compared to the different patterns
defined for each of the mentioned models. the
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second place, the RF-GA-6 model showed
remarkable performance compared to other
defined patterns and methods. Pattern No. 6 with
the input parameters of temperature and relative
humidity in all methods except M5P, has
provided the most accurate results. In Ard  abil
station, model RF-1 with R? = 0.706, WI = 0.91
and the RMSE = 3.79 ‘C showed the weakest
performance among the other methods. At
Parsabad station, the M5P model in scenarios 6,
8, 9, and 10 with the same results with R? =
0.999, WI = 1.00 and RMSE = 0.29 °C had the
best prediction and the performance of the GA-
RF-6 model was ranked second. The GBT-1
model with a R?=0.908, WI = 0.78 and RMSE =
4.38 °C presented the weakest results. In general,
the M5P tree model in both stations was
introduced as the superior model in estimating
dew point temperature values, and the GBT
model with poor results was considered an
inefficient method in predicting daily dew point
temperature values. In Parsabad station, the
methods used due to the high correlation of
temperature and relative humidity values with
dew point temperature, the accuracy of
estimations was higher and had better
performance (high coefficient of determination
and low error) compared to Ardabil station, and
it should be noted that the temperature parameter
was a necessary but insufficient condition in
estimating the dew point temperature.

Although the correlation value of relative
humidity with dew point temperature is low,
probably the relative humidity parameter in
linear combination with temperature parameters
has a high correlation with dew point
temperature and according to the comparison of
the mentioned results, with the addition of
relative humidity to the input data, the accuracy
of the models increases significantly. In Fig. 1
the root mean square error values of the proposed
models can be seen for each defined pattern in
both stations.

As can be seen from Fig. 1, M5P, RF-GA and RF
models have low error and GBT model has a
high error, and pattern number 6 has the lowest
error among the different defined patterns with
parameters of temperature and relative humidity.
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Fig. 1 RMSE values of the proposed models per
scenario for: a) Ardabil and b) Parsabad stations

Conclusion

One of the applications of dew point temperature
is in the science of ventilation as well as
meteorology, which is very important in weather
forecasts. Therefore, in the current research, it
was tried to estimate the dew point temperature
using M5P, RF, RF-GA, and GBT methods for
two weather stations in northwest of Iran, and the
most accurate method was suggested. Finally, by
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performing statistical analysis, the overall
conclusion showed that: 1) In Ardabil station,
model M5P in the eighth scenario includes input
data of relative humidity, wind speed, minimum,
maximum, and average temperature and in
ParsAbad station, the model in the sixth scenario
includes input data of relative humidity,
minimum, maximum and average temperature,
the most desirable results offered. 2) Comparing
the results between the models, the M5P, GA-
RF, RF, and GBT models were ranked from
more to less accuracy, respectively. 3)
Parameters of temperature and relative humidity
were introduced as the dominant variables in
predicting dew point temperature. 4) By
comparing the results of RF with GA-RF models,
it was concluded that the genetic algorithm
improved the performance of random forest and
had a positive effect on all models. Finally, as a
general result, it can be stated that the M5P
model had a high ability to estimate the daily
values of the dew point temperature and
therefore, it is recommended in the field of
meteorological ~ forecasts and  agricultural
activities.

Data Availability

The data can be sent on request by the
corresponding author via
s.samadian@tabrizu.ac.ir email.
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Table 1 Geographical profile table of the studied station

Station  Latitude Longitude Elevation from sea level (m) Climate
Ardabil  38° 15’ 480 17" 1335 Semi-arid with mlllc\j/iiLtlgmer and very cold
Parsabad  39° 39’ 47°55' 72.6 Semi-arid with hot summer and cold winter
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Training Stage

Testing Stage
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Table 4 Different combinations of input parameters in
the estimation of dew point temperature

Scenario Number Input Parameters
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T, Tmin, Tmax

T, Tmin, Tmax, w

T, Tmin, Tmax, S
T, Tmin, Tmax, RH
T, Trin, Tmax, W, S
T, Tmin, Tmax, W, RH
T, Tmin, Tmax, S, RH
T, Tmin, Tmax, W, S, RH
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Table 3 Correlation coefficient statistic of DPT with
other model input attributes in each station

5 VA sl siation T

Tmin Tmax RH S W
0.874 0.886 0.812 0.092 0.314 -0.72
0.948 0.956 0.897 -0.398 0.369 0.077
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'Root Mean Squared Error
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Table 5 Evaluation of the models performance in the testing phase

M5P RF RF- GA GBT
Station Scenario

R? Wi RMSE R? Wi RMSE R? Wi RMSE R? Wi RMSE

1 0.715 0.913 3.73 0.706  0.910 3.79 0.715 0.913 3.72 0.713 0.722 4,72

2 0.766  0.928 3.44 0.757 0.925 3.52 0.774  0.930 3.36 0.770  0.740 4.60

3 0.773 0.931 3.37 0.771  0.930 3.41 0.769  0.930 3.36 0.769 0.740 4.60

4 0.845 0.953 2.85 0.842 0.952 2.87 0.838 0.951 2.92 0.829 0.759 4.46

Ardabil 5 0.789  0.937 3.25 0.787 0.935 3.29 0.781 0.934 3.33 0.777  0.743 458
6 0.993 0.998 0.55 0.986 0.996 0.80 0.988 0.997 0.73 0.966 0.900 418

7 0.851 0.955 2.80 0.846  0.953 2.82 0.846  0.953 2.84 0.831 0.760 4.45

8 0.994 0.998 0.54 0.984 0.995 0.88 0.987  0.996 0.78 0.966  0.789 4.18

9 0.994 0.998 0.55 0.984  0.995 0.88 0.987  0.996 0.79 0.966  0.789 4.18

10 0.994 0.998 0.54 0.981 0.99%4 0.97 0.985  0.996 0.83 0.966  0.789 4.18

1 0.909 0.976 2.07 0.903 0.974 213 0.908 0.975 2.08 0.908 0.780 4.38

2 0.920 0.979 1.95 0.917 0.978 1.99 0916 0.978 1.99 0.920 0.786 4.34

3 0.934 0.983 1.78 0.931 0.982 1.81 0.926  0.980 1.87 0925 0.787 4.33

4 0.939 0.982 1.82 0.934 0.980 1.89 0.927  0.980 1.87 0.929 0.789 4.32

Parsabad 5 0.935 0.983 1.76 0.933 0.982 1.78 0.931 0.982 1.81 0.927 0.787 4.32
6 0.999 1.000 0.29 0.992 0.998 0.61 0.995  0.999 0.49 0.964  0.901 4.26

7 0.940 0.982 1.80 0.938 0.983 1.78 0.938 0.982 1.80 0.929 0.789 4.32

8 0.999 1.000 0.29 0.990 0.998 0.67 0.994  0.998 0.55 0.964 0.794 4.26

9 0.999 1.000 0.29 0.991 0.998 0.65 0.994  0.998 0.53 0.964 0.79%4 4.26

10 0.999 1.000 0.29 0.989  0.997 0.73 0.992  0.998 0.59 0.964 0.79%4 4.26
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Fig. 6 Charts of temporal variations dew point temperature values for best and weakest models at: a) Ardabil

and b) Parsabad station
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