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Abstract: In this paper, temperature and relative humidity are modeled using some well-known statistical
distributions such as normal, logistic, Weibull, and gamma and lognormal. The mean minimum
temperature, maximum temperature, morning relative humidity, and evening relative humidity were
obtained monthly between 1996 and 2018. Parameter estimations are obtained by the maximum likelihood
principle. The unknown parameter estimates of the distributions mentioned above are obtained by the
principle of maximum likelihood. Data was combined on a monthly basis and modeled monthly. The
minimum temperature, maximum temperature, morning relative humidity, and evening relative humidity
are modeled and the best-fitted model is reported. For the best model, some information criterion and
the Kolmogorov Smirnov statistic are reported.The best model for each month is given separately. With
these models, modeling and desired probabilities can be calculated using the modeling results for any
month.This weather infrormation helps farmers for makig plannning for farming of crops in the field.
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1. Introduction

Climate change effects on the earth’s atmosphere and various natural resources are highly
significant. TheEarth's atmosphere plays host to numerous weather phenomena that affect
life and shape the planet. Under these conditions, these phenomen require knowledge of
the interaction between temperature and humidity. Rainfall, temperature and humidity are
major parameters of climate affecting changes in the atmosphere. Humidity plays a key
role in crop production and the water balance of a region, one of the major parameters
affected by climate change. Temperature affects humidity, whichin turn affectsthe potential
for precipitation. The interaction of temperature and humidity also directly affects the
health and well-being of humans. As air temperaturerises, it can hold morewater molecules,
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resulting in a decrease in relative humidity.When temperatures drop, relative humidity
increases. High relative humidity in the air occurs when the air temperature approaches the
dewpoint value. The temperature there directly relates to the amount of moisture the
atmosphere can hold. Thesekinds of weather factors are directly related to crop production.
If the amount of moisture our weather can not provide, then it causes less production of
crops. In India, agricultural production is often determined by theim pulse of nature. The
information about the seasonal forecast of weather allows farmers to make planning and
management strategies for improvement in the production of crops. Humidity is important
to make photosynthesis possible, and the temperature of a plant on a sunny day is mainly
regulated by cooling through evaporation. Evapo transpiration plays a key role in crop
production and the water balance of a region, one of the major parameters affected by
climate change. Changes in the earth’s average temperature can cause significant changes
in the climate and weather.Smith et al. (2009) predicted the air temperature by using the
time seriesmoded.Martinez et. al (2012) estimated and forecasted temperatureand humidity
by using an artificial neural network (ANN) for tobacco dry processing. Shuklaet al. (2014)
forecasted the climate parameters temperature, maximumtemperature, and relative humidity
using the GARCH moded.Jang et al. (2016) developed the future precipitation forecasting
program using probability forecasts and climatechange scenarios. Kundu et al (2016)
discussed the futurechanges in rainfall, temperature and reference evapotranspiration in
central India by the least square support vector machine.

2. Material and Methods

In this study, temperature and relative humidity are assessed by statistical distributions,
such as normal, logistic, Weibull, gamma and lognormal. The probability density functions
of these distributions given as follows:

Normal distribution
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Logisticdistribution
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Lognormal distribution

£(x) 1 (logx — par;
x)= ex
xpar,~ 211 P 2par,’

The maximum likelihood estimation (MLE) methodwas used to estimate the mode
parameters. The MLE is the most popular method used in parameter estimation.The MLE
methodology is given as follow:

2
) ], x>0,par, eR,par, >0

For a random sample(x,,x,,...,x,) from the distributions given above, then the
likelihood and log-likelihood function are given, respectivey, by

L= L(parl,par2 |X1,X2,...,Xn)= Hf(xl. |parl,par2),
i=1

and
(= 1og(L(parl,10ar2 |xl,x2,...,xn)) = Zlog(f(xi |parl,par2)) ,

where f (x, | par,par,) is the probability density function of the interested model. Then
the likelihood equations are obtained, respectivey, by
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The MLE is achieved by solving the above likelihood equations corresponding to 0,
simultaneously with respect to parl and par2. Since no analytical formulas are possible,
numerical maximization ¢ with respect to parl and par2 are conducted using the R function

of optim.The _y, Akaike information criterion (AIC), Bayesian information criterion
(BIC),consistent AIC (CAIC), Hannan-Quinninformation criterion (HQIC), Kolmogorov-
Smirnovstatistic (KS Stat) and Kolmogorov-Smirnov p value (KS p val) and MLEs of
model parameters are also calculated and they are presented in the Result Section. The
mathematical expressions for the statistics above are given by

i=1,2,...n | p

s tat= s, | (o, . o o )2
n

AIC =-20+2k,

BIC =—-2(+klog(n),

CAIC =-2(+k{log(n)+1},
HQIC =20+ 2klog{log(n)},

where k is the number of estimated parameters in the modd,ndenotes the number of
observations, and F is the cumulative distribution function of the rdlated moded . The lowest
values of KS Stat, AIC, BIC, CAIC and HQIC indicate that the modd best-fitted the data.
In this study, the results of the goodness of fit for the mode with the lowest KS Stat for
each month are presented in Tables 5-8 in detail.

3. Reaults

Data was handled from 1996 to 2018, and descriptive statistics and modding results for each
month and overall are givenin Tables 1-8. Tables 1-4 give the average maximum temperature,
maximum temperature, morning relative humidity, and evening rdative humidity for each
month from 1996 to 2018. From Table 1, the highest maximum temperature is seen in the
month of May and the lowest maximum temperature is seen in the month of January. From
Table 2, the highest minimum temperature is seen in the month of May, and the lowest
maximum temperature is seen in the months of January and December. From Table 3, the
highest minimum temperature is seen in the month of May, and the lowest maximum
temperature is seen in the months of January and December. The goodness-of-fit results for
the monthly data are given in Tables 5-8 in detail. From Tables 4-8, a guide is provided for
those who will work on maximum temperature, minimum temperature, morning relative
humidity and evening relative humidity. From Tables 4-8, probability calculations regarding
maxi mum temperature, minimum temperature, morning relative humidity, and evening relative
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humidity variables can be made and regarding the estimated expected value and estimated
variance can be obtained. The modeling results for the maximum temperature are presented
in Table 5. From Table 5, the logistic distribution is selected as the best-fitted moddl for
January, February, March, April, May, July, August, and November; the Weibull distribution
is sdected asthe best-fitted model for Juneand September; the Gamma distributionis sdected
as the best-fitted modd for October; and the lognormal distribution is selected as the best-
fitted modd for December. In addition, one can choose the Gamma distribution to modd for
the annual maximum temperature The modding results for the minimum temperature are
presented in Table 6. From Table 6, the Weibull distribution is sdected as the best-fitted
mode for January, February, March, April, May, July, November, and December; the normal
distribution is selected as the best-fitted model for June and August; and the lognormal
distribution is sdected as the best-fitted modd for September and October. Also, one can
choose the Weibull distribution to modd for the annual minimum temperature.

The modeling results for the morning relative humidity are presented in Table 7. From
Table 7, the logistic distribution is sdected best-fitted mode for February, April, June,
July, September, October and November; normal distribution is sdected best-fitted model
for March and August; Weibull distributionis selected best-fitted modd for January; gamma
distribution is selected best-fitted mode for May; lognormal distribution is selected best-
fitted modd for December. Also, one can choose the Welbull distribution to modd for the
morning relative humidity.

The modding results for the evening relative humidity are presented in Table 8. From
Table 8, the Weibull distribution is sdlected best-fitted modd for January, February, and
March; the Gamma distribution is selected best-fitted mode for April and May; the Logistic
distribution is selected best-fitted model for June, July, August, September, October,
November andDecember. Besides, one can choose the Logistic distribution to modd for
the evening relative humidity.

Table 1: Monthly aver age of maximum temper ature between 1996 and 2018
Month

Year Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Annual

1996 2481 2790 3481 3840 4131 3950 3206 2797 3030 3048 2810 2529 31.74
1997 2323 2536 3113 3457 3355 3553 2861 2835 2847 2852 27.00 23.65 29.00
1998 2358 2596 29.71 3769 4187 37.67 3048 29.61 29.67 3142 2813 2655 31.05
1999 2479 2636 3225 40.07 4055 3209 29.32 2765 2795 30.02 29.19 2477 3043
2000 2521 2510 3158 40.03 37.77 3463 2952 3052 3163 3513 31.73 27.32 31.69
2001 2410 2825 3310 38.00 40.29 3340 2752 2874 3257 3210 3013 2697 31.26
2002 2355 2629 3326 3949 4128 36.17 3232 2690 3097 33.03 29.83 2810 31.78
2003 2335 2650 3355 39.27 4135 37.07 3019 2845 2769 30.74 3037 26.84 31.30
2004 2325 27.03 36.02 3943 3958 36.17 3216 26.61 3197 31.87 3033 2597 31.69
2005 2326 26.20 33.87 3857 4091 3820 29.82 2897 3037 31.77 2950 2421 31.32

contd. table 1
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Year Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Annual

2006 32.85 29.16 3593 4097 4233 3759 29.19 2843 30.21 3425 3155 2485 33.12
2007 32.89 3375 3852 3997 3268 2787 28.65 3284 3193 29.84 2697 2534 3175
2008 2377 2510 33.84 3867 40.00 3320 30.02 2845 3143 3283 29.27 2729 31.16
2009 2494 2825 3397 3943 4181 3867 29.84 2839 3050 31.73 2693 25.86 31.70
2010 2293 26.74 3513 4011 4221 3853 3106 29.48 2957 3090 29.11 2461 3171
2011 2239 2589 33.00 3850 4129 3393 33.84 28.68 29.67 3223 30.27 2545 31.28
2012 2235 2576 3297 39.23 4102 3725 30.65 28.13 3154 33.86 3019 28.78 31.82
2013 2413 2723 34.07 3883 4336 3359 2774 2848 3327 3260 31.03 2820 31.89
2014 2486 2799 3330 39.39 4108 4033 3231 3151 3176 33.84 3235 2745 33.02
2015 2256 2939 3047 3705 4131 36.57 3103 2958 3242 3398 3572 2850 3237
2016 2692 2958 3541 40.04 4170 39.17 2957 28.15 3148 32.07 30.00 27.11 3259
2017 2714 3039 3593 4097 4233 3751 2952 30.17 33.00 3499 3134 28.61 3349
2018 27.74 3015 37.02 4115 4357 36.82 29.19 2843 30.21 3425 3155 2485 3291
General 2494 2759 3380 39.12 4057 36.15 3020 28.89 30.81 3228 30.03 26.37 3170

Table 2: Monthly average of minimum temper ature between 1996 and 2018
Month

Year Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Annual

1996 1323 13.03 1839 20.28 26.80 28.14 2558 2423 2457 19.71 13.00 897 19.68
1997 1026 10.25 1550 19.67 23.84 2453 23.74 2447 2490 2192 19.89 16.47 19.67
1998 1196 1225 1562 21.64 2713 2793 2523 25.00 24.60 2200 1620 9.90 19.99
1999 9.61 1500 1521 20.63 27.16 2533 24.71 2401 2342 2046 14.33 11.86 19.33
2000 1029 11.28 13.74 21.77 2690 2557 2415 2423 2320 18.06 14.67 945 18.62
2001 1013 10.89 16.71 2093 27.06 2550 2474 2435 2337 20.06 1410 1152 19.16
2002 9.61 1264 1571 2232 28.66 26.80 2597 2403 2290 19.19 15.00 13.65 19.74
2003 1042 1425 1548 2260 26.26 2740 2442 2452 23.68 18.87 17.07 1250 19.80
2004 1194 1093 1645 2315 26.61 26.75 2490 2397 2373 19.13 1527 1148 19.54
2005 1061 11.75 16,55 19.77 26.23 2727 2497 2448 2427 1947 1297 1015 19.06
2006 2018 1796 1797 2285 27.71 2636 23.89 2344 2154 1744 1375 898 20.18
2007 1896 17.00 2148 27.10 2526 2483 2432 2345 19.60 13.77 1153 1045 19.83
2008 1032 9.24 1639 2203 2597 2560 2510 2448 23.63 19.00 1493 1294 19.16
2009 1323 1232 1642 2057 26.10 27.13 2503 24.65 23.83 18.80 1593 13.80 19.85
2010 893 1229 16.36 2299 29.13 2843 2590 2519 2397 2174 18.80 11.26 20.45
2011 816 1261 1545 2113 2752 2630 26.26 24.84 2423 2032 1523 11.19 1947
2012 926 10.79 13.71 2193 26.23 27.01 2470 2326 23.88 19.84 15.05 1296 19.07
2013 10.05 15.88 16.71 2231 2594 2405 23.88 24.04 2375 21.63 1475 11.92 19.59
2014 12.73 1286 1722 2136 2446 2576 2249 2155 2033 1896 14.13 9.67 1849
2015 8.65 11.76 16.93 27.02 26,56 26.14 2471 2408 23.04 21.17 19.60 13.39 20.28
2016 11.83 1385 19.05 2393 27.17 26.46 2394 2317 2276 1957 1276 10.57 19.60
2017 1247 1474 1797 2285 27.71 2635 2445 2428 2417 2112 1570 13.48 20.47
2018 1148 1497 1920 24.03 28.12 2658 23.89 2344 2154 1744 1378 898 1947
General 1149 1297 16.71 2230 26.72 26.36 2465 2405 2326 1955 1515 1155 19.59
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Table 3: Monthly average of morning relative humidity between 1996 and 2018
Month

Year Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Annual

1996 66.77 5841 5294 39.93 37.13 50.78 76.03 88.23 83.30 76.74 65.23 5252 62.38
1997 61.26 65.82 60.52 5497 6552 79.07 86.32 8655 8510 7826 8150 7755 73.58
1998 70.29 65.75 61.26 5557 4761 6490 87.03 88.00 8740 7890 7523 6852 70.92
1999 7355 8375 5484 3330 4335 76.23 8213 9145 9203 8435 70.03 7594 71.69
2000 7732 7155 5326 38.00 5432 80.93 9048 90.16 87.80 7190 67.07 7519 7153
2001 80.45 7393 60.00 46.13 49.29 8143 90.94 9339 87.10 79.10 68.83 8148 74.38
2002 7945 80.71 64.61 4233 5494 7250 8129 93.19 90.00 75.68 77.07 8274 7454
2003 8255 84.64 6590 4293 36.29 6850 90.39 93.94 9500 84.19 77.17 8335 7538
2004 83.97 79.79 61.00 47.07 5758 73.03 88.23 9287 9133 8090 75.07 8842 76.64
2005 88.65 88.29 7519 5137 3852 6380 9223 9255 89.90 7832 79.33 7897 76.39
2006 7448 8215 4749 3029 3985 7052 9121 91.60 88.04 7472 67.34 68.70 68.81
2007 66.13 59.32 4445 5203 8261 90.87 9329 86.94 7877 69.13 8133 77.10 73.59
2008 85.10 8459 8094 6550 6855 8183 89.87 9161 9143 7733 7273 86.10 81.33
2009 89.52 8521 8210 63.70 7439 7177 9200 9426 92,60 85.06 8853 89.13 84.07
2010 90.77 89.64 66.16 3341 4132 6360 90.68 9435 91.73 87.03 8050 8319 76.02
2011 8235 8479 7816 6017 4852 7523 090.77 9274 9197 7897 7203 80.58 78.00
2012 83.61 78.86 68.19 57.83 50.61 69.63 92.61 90.94 8950 5442 8030 77.77 7450
2013 80.58 84.46 66.87 4577 4516 7033 8848 8845 7457 8171 5050 6577 70.21
2014 7719 7400 6358 3457 3555 4213 7781 8781 8797 5790 56.07 64.45 63.25
2015 78.26 8510 78.03 60.80 46.52 80.13 94.19 99.00 99.00 74.09 67.10 68.98 77.55
2016 7719 7372 6284 3423 36.03 4243 7894 8765 8737 5860 54.87 6539 63.32
2017 7590 68.74 4749 3029 39.75 7126 91.11 9147 88.04 7472 67.34 68.70 67.93
2018 7590 68.74 4749 3029 39.14 7126 91.24 9160 88.04 7472 67.34 68.70 67.90
General 7832 77.02 6275 45.67 4924 70.10 8814 9125 8861 7556 7141 7518 72.78

Table 4: Monthly average of evening relative humidity between 1996 and 2018
Month

Year Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Annual

1996 40.13 34.62 2032 2310 2158 30.77 3439 69.19 7130 6761 57.00 29.90 41.66
1997 4581 5154 4810 3943 3539 4297 5204 7713 66.73 6155 67.20 6845 54.73
1998 54.84 47.14 4094 3497 30.00 4437 69.87 77.00 76.60 5797 5127 3094 51.35
1999 37.13 5546 3271 1577 22,68 5017 75.06 80.90 81.70 60.48 40.81 31.25 48.64
2000 4090 4238 2855 1647 31.71 53.00 7584 7132 6350 38.19 38.03 43.23 45.30
2001 5458 40.21 33.10 2280 29.77 60.07 78.90 80.81 67.27 60.16 59.30 59.87 54.03
2002 56.94 6121 4058 27.60 25.00 52.00 57.74 8455 6940 4890 56.70 53.90 52.82
2003 62.65 68.32 4326 25.73 19.19 4577 7481 84.23 8337 55.03 6147 6455 5731
2004 7013 63.79 39.87 29.70 36.65 50.53 70.32 83.00 69.93 6219 5730 59.06 57.74
2005 61.87 59.75 4816 2897 26.16 4193 77.16 79.06 76.60 60.61 59.70 62.42 56.90
2006 53,52 6328 2277 1549 1959 5219 8297 8274 7324 4958 4216 45.09 50.16
2007 37.34 3243 2277 3060 6232 7843 80.97 67.03 59.57 5897 5870 41.00 52.63
2008 7726 7245 5655 38.17 30.84 5947 7465 76.94 73.10 57.13 59.70 62.74 61.58
2009 7294 6332 4470 3123 2552 3240 73.71 7877 73.17 5861 69.73 66.81 57.63
2010 4732 4836 2252 11.60 2248 4143 67.00 7468 6857 7039 6790 6232 5043
2011 63.39 6650 5416 3497 20.10 4620 67.61 6755 64.83 54.19 56.00 5842 54.44
2012 59.42 5524 4281 2773 2184 3570 6219 69.10 64.03 4235 63.10 59.26 50.23
2013 4794 56.18 36.23 2397 15.68 38.33 64.94 6568 46.17 50.29 2397 26.42 41.28
2014 3252 2846 19.68 993 1116 10.87 50.03 60.00 5453 2542 2430 2439 29.33
2015 30.71 56.67 44.19 1843 1355 43.67 81.97 98.19 6050 48.84 42.14 4509 48.68
2016 3252 2817 1929 987 1123 1167 51.23 59.71 5340 2543 24.07 2477 29.35
2017 5151 4113 2277 1549 1959 5146 8293 8274 7324 4958 4216 4509 48.23
2018 5151 4113 2277 1549 1959 5149 83.10 8274 7324 4958 42.16 45.09 4824
General 5143 5119 3506 2380 2485 4456 69.11 76.22 68.00 5279 50.65 4826 49.68
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4. Conclusion

In this study, maximum temperature, minimum temperature, morning relative humidity
and evening relative humidity data from 1996 to 2018 were model ed using normal, logistic,
Weibull, gamma and lognormal distributions. T he average maximum temperature, minimum
temperature, morning relative humidity, and evening relative humidity values for each month
in these years have been tabulated in detail. Modeling tables are given for maximum
temperature, minimum temperature, morning relative humidity and evening rel ative humidity
data by using some goodness of fit statistics. This study is a guide to be used for future
studies for this region, thanks to this extensive modeling..
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