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Table 1. Specification of studied meteorological stations.
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ol (I3 5l (e ke) Elevation () (a3) oSy
Climate Class Longterm Temp ~ Longterm Prec  (meter) Latitude (Deg) Longitude station
()] (mm) (Deg)
$ i 3l oal
0 253 2134 225 3133 48.67 o
Arid Warm Ahwaz
| b it das |
S 9 303.9 1332 3825 48.28 2
Semi arid Super cold Ardebil
é B £
0 24.6 279.1 19.6 28.98 50.83 s
Arid Warm Bushehr
Line glal 5 de UL Y
Hene Sl 17.8 601 133 36.85 5427 LS
Mediterranean Temperate Gorgan
s .
. o 14.1 2552 999.2 36.27 59.63
Semi arid Cold Mashhad
Jkixs o Vo
£Ls 159 1359 6.9 3725 49.60 -
Humid Temperate Rasht
i e
e 17.3 232.8 1190.8 35.68 51.32 o
Arid Cold Tehran
Jdime S| S
7 22.6 53 495 30.90 61.68 i
Super arid Temperate Zahak
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Table 2. Root Mean Square Error (RMSE) of Bisinusoidal model in studied meteorological stations.

Agie Saj Jonye Slsal oS s %3 R .
Mashhad Zahak Bushehr Ahwaz Gorgan Ardebil Rasht Tehran Month
2005 2000 2005 2000 2005 2000 2005 2000 2005 2000 2005 2000 2005 2000 2005 2000 ont
.
1.69 242 1.60 2.50 1.69 1.73 1.29 1.24 1.68 2.04 2.13 239 3.79 318 1.42 1.37 o
Jan
1.64 213 1.46 2.56 1.75 1.73 1.18 1.22 1.68 1.85 1.47 2.39 4.08 222 1.26 1.54 b
Feb
Lo
143 2.00 1.63 223 1.97 1.95 1.28 1.38 1.96 1.69 2.58 2.56 4.13 2.11 1.55 1.57 o
Mar
i
1.41 2.02 1.74 223 2.34 2.18 1.59 1.48 2.12 2.77 2.65 2.26 4.76 2.66 1.54 1.40 Jo
Apr
195  2.08 1.65 2.01 223 1.94 1.76 1.44 2.05 1.98 2.26 271 313 1.24 1.73 1.41 <
May
195 236 1.77 2.00 1.83 1.64 1.71 1.38 2.02 1.82 1.91 2.85 372 1.38 1.50 1.29 o
Jun
1.83 229 1.37 1.14 1.66 1.71 1.49 1.28 1.56 1.71 2.14 2.39 315 1.32 1.24 1.27 €55
Jul
e ST
1.88 213 1.46 1.66 1.43 1.55 1.44 1.58 1.74 1.76 237 2.42 4.13 1.67 1.30 1.23 5
Aug
1.76 1.87 1.83 2.12 1.57 1.65 1.52 131 1.69 1.66 2.44 2.63 3.17 1.26 1.37 1.12 e
Sep
|
1.83 1.83 2.00 233 1.52 1.83 1.63 1.44 2.67 1.65 2.40 1.99 4.03 1.30 1.32 1.45 o
Oct
I
1.54  1.63 2.17 238 1.66 1.41 1.43 1.27 2.05 1.80 1.89 2.00 391 1.41 1.53 1.42 e
Nov
1.76 1.80  2.69 2.54 1.68 1.57 1.57 1.25 235 1.59 2.48 2.18 3.46 2.14 1.62 1.18 e
Dec
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Table 3. Mean Bias Error (MBE) of Bisinusoidal model in studied meteorological stations.
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Figure 1. Variation of RMSE in different hours of studied meteorological stations.
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Figure 2. Variation of actual and estimated hourly temperature in first 7 days of March 2000 in meteorological
stations.
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Abstract

Background and Objectives: Access to hourly temperature is of fundamental importance in crop
modeling and freezing studies due to the more detailed analysis of plant growth processes. Also,
hourly data is needed for more accurate analysis of climate change effect and atmospheric hazard
phenomena on the growth and development of plants. The Bi-sinusoidal model is a precise method
in daily temperature modeling which, while considering the sinusoidal nature of temperature
variations, is very accurate in detecting the time of minimum and maximum temperature of the day.
So far, the accuracy of this method has not been studied in different climates of Iran. The objective
of this research is to evaluate Bi-Sinusoidal model for estimation of hourly temperatures from
maximum and minimum daily temperature in different climates of Iran.

Materials and Methods: For investigation of the efficiency of Bi-sinusoidal model, the data of
meteorological stations in different climates from ultra-dry to very humid climates were used. For
this purpose, daily and three-hour recorded temperatures at eight stations include: Ahwaz, Ardabil,
Bushehr, Gorgan, Mashhad, Rasht, Tehran and Zahak in 2000 and 2005 were used. In this model,
sunrise time is considered as the occurrence time of minimum temperature and maximum
temperature occurrence is assumed after passing two-thirds of daytime length. These times can be
accurately calculated with astronomical calculations. All the modelling calculations were performed
in MATLAB software environment. To evaluate the mean error and mean bias of the model, RMSE
and MBE indices were used, respectively.

Results: The results showed that in arid and extra-arid stations, RMSE vary between 1.5 to 2 and in
humid and sub-humid stations it’s close to 3 °C. Also, it seems that the performance of this model is
not related to the season, in other words, the hourly temperature error estimation in hot and cold
months is not significantly different. The MBE showed that the model underestimate hourly
temperature in warm months and overestimate in cold months. However, the bias error is negligible
in most of the months and is less than 0.5 degrees. Variation of actual and modelled temperature
showed that circadian fluctuation of temperature in dry region is more similar to sinusoidal changes
than humid area.

Conclusion: Investigation of circadian temperature fluctuation showed that this model has some
trouble in detection of occurrence time of minimum and maximum temperature in humid stations that
this is one of the main sources of this model error. However, this model simulates the sinus trend of
temperature variations properly. According to development of this model based on ordinary circadian
temperature fluctuation, in days with the meteorological phenomena such as warm and cold advection
to the region, or in rainy days, the model accuracy in estimating hourly temperatures maybe reduced.

Keywords: Bi-Sinusoidal model, Circadian temperature fluctuation, Hourly temperature modeling,
Maximum and Minimum Temperature
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