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ABSTRACT
Background:

Temperatures in tropical and subtropical latitudes of the northern hemisphere are characterized by
periodic behavior. The distribution of temperature means follows a sine curve, which allows for its
mathematical modeling as a function of time. Therefore, it is necessary to use experimental models of
daily temperature means, this study aims to build an experimental model to calculate and estimate the
daily mean in Baghdad.

Materials and Methods:

Harmonic analysis used to detect the periodic pattern of daily mean temperature. Only three
components of the Fourier series can explain the distribution pattern excluding the extreme temperatures
and based on a time series of means measured in Baghdad for 14610 days extending from Jan 1980 to
Dec 2020 retrieved from the archives of the Meteorological and Seismic Survey Authority.

Results:

The harmonic analysis results showed a cyclic pattern with a frequency of (1.07cycle/year)
approximately. Also showed that the experimental model was represented by a mathematically Fourier
series of three components of sine and cosine functions leading to the calculation and estimation of daily
means after adjusting the model parameters.

Conclusions:

The validity of the model was measured using RMSE, MAE, and R?, and its outputs compared to
independently measured data until April 2023, thus it can be concluded that the proposed model has a
practically accurate performance with a minimum acceptable error in calculating and estimating the daily
means in Baghdad.
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WMO ID Station Lat(dms) Long(dms) Elev(m) Kdppen Zone
40650 Baghdad 33°20"26.09'N 44°24"3.17E 32 BWh
Observed Mean Daily Temperature (°C) in Baghdad for timeseries (1980-2020)

DoY Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 11.08 12.33 15.95 21.05 25.91 32.10 34.04 34.77 32.33 27.84 20.08 13.56
2 11.16 12.07 16.27 21.39 25.80 31.88 34.43 35.04 32.34 27.79 20.20 13.22
3 10.89 12.01 16.40 21.46 26.53 32.05 34.26 35.10 31.80 27.10 19.70 12.81
4 10.85 12.18 16.32 21.25 27.16 32.09 34.47 34.64 31.53 26.43 19.05 12.73
5 11.02 11.94 16.62 21.43 27.22 31.97 34.09 34.37 31.90 26.44 18.62 13.00
6 11.62 12.06 16.52 22.41 27.28 31.98 34.00 34.10 32.11 26.81 18.83 12.69
7 11.40 12.79 16.93 22.85 27.59 32.07 34.32 34.06 3181 26.66 18.76 12.27
8 11.32 13.40 17.67 22.90 28.14 32.56 35.01 34.05 31.51 26.43 18.38 12.58
9 10.84 13.33 17.19 22.89 28.02 32.83 34.88 33.87 3112 26.30 18.22 12.74
10 10.59 13.17 17.24 23.02 28.34 32.74 34.73 34.17 30.77 26.30 17.64 12.38
11 10.04 13.15 17.43 22.75 28.42 32.44 34.95 34.37 30.78 25.86 17.28 11.74
12 9.95 13.08 17.74 22.64 28.15 32.04 34.58 34.53 30.94 25.62 16.67 12.03
13 10.10 13.65 18.18 23.12 28.60 32.46 34.30 34.64 30.74 25.29 16.49 12.10
14 10.23 14.29 17.96 23.27 28.81 32.95 34.62 33.85 30.64 25.67 17.12 11.63
15 10.42 14.60 17.78 23.65 28.79 33.20 34.78 33.43 30.15 25.63 16.84 11.01
16 10.45 14.37 17.24 23.74 29.09 33.28 34.83 33.72 30.40 25.04 16.41 11.13
17 10.52 14.34 17.37 23.91 29.97 32.85 35.14 33.68 30.30 24.86 15.92 11.22
18 11.59 14.04 17.82 23.89 30.49 32.94 35.19 33.69 30.08 24.57 16.10 11.02
19 11.87 13.98 17.94 24.76 30.09 32.96 35.39 33.58 29.39 24.08 16.13 10.88
20 11.23 14.19 18.11 25.17 30.23 32.45 35.71 33.45 29.54 23.29 15.89 10.77
21 11.06 13.78 18.17 24.75 30.11 32.67 35.58 33.59 29.19 23.37 15.45 11.14
22 10.67 13.96 18.94 24.69 30.14 32.90 35.34 33.11 29.07 23.09 15.16 11.09
23 11.09 14.64 19.25 24.61 30.43 33.11 35.35 33.27 28.63 22.98 14.69 11.38
24 11.27 14.98 19.04 24.95 30.48 33.43 35.51 33.16 28.73 23.14 14.92 11.62
25 11.15 15.38 18.88 25.27 30.47 33.57 35.65 32.98 28.35 22.72 14.58 10.84
26 11.57 15.12 19.16 25.48 31.07 33.72 35.20 32.77 28.20 22.56 14.57 11.10
27 11.26 15.17 19.64 24.96 31.76 33.91 34.93 33.05 28.23 22.33 14.42 11.18
28 11.49 15.81 20.05 26.54 31.66 33.87 35.08 33.11 28.38 22.07 14.12 11.01
29 11.98 15.78 20.33 26.40 31.50 33.79 34.79 33.08 27.66 21.76 13.96 11.30
30 11.67 === 20.26 26.30 31.44 33.97 34.74 32.52 27.33 20.94 13.82 10.79
31 12.10 == 20.48 === 31.38 == 34.77 32.48 === 19.83 == 10.28

S ol Qi duinal) lasali)ll go 8 e b sa ¢ pialal) Jalasll ol Bl Qs sy Liad Cagpmall cdunygd Jilas
L) Jlsall (e 22 g aneS L0 Al (gl Jial dysh Aluditia axdied Lo We s dpal) clagall JalnS cflay)
Ualae ol oY) 8 4uyoh Alidedia gl &5 . Luls o G5 o) dapdin g Ll Cumg cuad) Al a5 dasead)
Jiliaall (g dauly degene go Guball ALE Ela) sl clain g ol cadSl 5 Gy S gl L)
Aded) Qigas (a8lgl) Jdaill (8 o5 M canll sadeae A1 58 dial) Aol anyb Jagas ) L[10] [9] Aslipadlly dpcals)l
Calall il 23Sy 205 ks e Jgeanll disatl) 3k G lldy a3l Jlae ) il Jaddl e ALY
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Sl Sl Ll Al Llall Jandl) 1A,
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el Alededl el 235l /N
gy gl (M) 4l duls :m/N
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Dhall ded JY Gy A yaall Zsell A D) shall cilagal dsegdl ¥ aeal Jigad o3 duhall 48 diejl) Alulodl
t ol LS5 aiie Jlgo gsanar lie uedl) 55 (RMSE= 0.4211) Wadd) aspe Janad a5l
T(t) = A, + Ajcos(wt) + A,sin(wt) + Ascos(Rwt) + Aysin(Qwt) +
Ascos(Bwt) + Agsin(Bwt) (2)
Clales g8 A; Wy (8 ame 005 o Aalid) (Lposl Bl clays il ane) el ysnall dadgiall Aedl) :T(2)
(=" Ols @bl 2280 Jw 3 Jug ¢ @l Hlaai¥) dlales & 4S50 S drw ) jadiy el oY)
Ll bl 8 cLadll sae Jrag (lsll) o) 23l f Cas 270f)
Asleal ((Agy.onn, Ag) hre Las dgygh cBlales Aad e Jpemall iy (gall cilagyall Aol (2) Asleal dass
el ALld) Al s Sag Basls 4315 LS pe eV axall e Dty Abudes Jis Alalea) s3ay i)y lastY)
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23V Aol Zaliall Y anall 4Lal) bl (e (93%) e ke Ll e gidl)
T(O)poy = Xi=1 Aisin(2uT () + ;)
..................... (3)
el LaSy Alel Aalil daaally ilsal) laas) Glabie 2aa3 aas Adsbaall 038 Jaasi o) 0SassT (D) poy =

23.62 — 11.32cos( 0.01748t) — 3.833sin(0.01748¢t) —
1.063¢0s(0.03496¢) + 0.1682sin(0.03496t) — 0.2931(0.05244¢) +

0.2825c05(0.05244t). e (4)
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