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Abstract

The study aimed to build a model to choose the best features affecting the best accuracy to
predict rainfall rates, because some models used in the forecasting process were developed
using a single feature so that other features that affect the model results in terms of accuracy
are not considered, and there is no specific algorithm to choose the best The factors fit the
rainfall data to predict its rate through previous studies on which the study relied. The study
used 10 algorithms (importance of random forest, Lasso, Persons Correlation Coefficient,
ANOVA, Forward selection, Backward selection, Recursive Feature Elimination,
Information gain, Correlation, and Importance Features) to choose the best features in terms
of prediction accuracy and they were tested on a data set consisting of 35 features and
216,792 records and evaluated using an accuracy criterion through four classification
algorithms. The study concluded that the sequential forward selection algorithm is the best
In terms of accuracy with accuracy rates of 78.6% using the random forest algorithm, then
77.6% using the K-nearest neighbor algorithm, then 76.6% using the Bagging algorithm,
then 73.8% using the decision tree algorithm. And the study recommends trying Feature
selection algorithms with higher accuracy to predicate rainfall rates inside and outside

Sudan.
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Authors Region Dataset | Features Measure
Nikhil et al.| Australian - Date, Location, Min Temp, Max Accuracy, Precision, Recall,
(2021) [13] Temp, Rainfall, Evaporation, Flscore, AUC
Sunshine, Wind Gust Direction,
Wind Gust Speed, Wind Dir 9 am,
Wind Dir 3 pm, Wind Speed 9 am,
Wind Speed 3 pm, Humidity 9 am,
Humidity 3 pm, Pressure 9 am,
Pressure 3 pm, Cloud 9 am, Cloud 3
pm, Temp 9 am, Temp 3 pm, Rain
Today, RISK, Rain Tomorrow
Basha et al. India - Rainfall MSE, RMSE
(2020) [14]
Poornima et| Hyderabad | 1980- | Max and Min Temperature, Accuracy, RMSE, loss, LR:
al.(2019) 2014 | Wind Speed, Sunshine, Minimum Learning rate of
[15] and Maximum Relative Humidity, network, No. of epochs
Evapotranspiration, Rainfall
Tharun et Coonoor- | 2005- | daily Temperature, daily humidity, R-square,
al.(2018) India 2014 | daily cloud speed, daily windspeed, adjusted R-square
[17] daily wind direction
Aftab et al. Lahore 2005- | Temperature, Atmospheric Pressure Precision, recall, f-measure
(2018) [18] 2017 | (weather station), Atmospheric
Pressure (sea level), Pressure
Tendency, Relative Humidity, Mean
Wind Speed, Minimum Temperature,
Maximum Temperature, Visibility,
Dew Point Temperature
Kashiwao Japan 2000- | Temperature, Humidity, Total hit rate, Hit rate of
etal.(2017) 2012 | Atmospheric Pressure, precipitation and Hit rate of
[19] Amount of Precipitation, Vapor non precipitation,
Pressure and Wind Velocity Overlooking rate, Swing
and miss rate, Caching rate,
Confusion Matrix
Qiu et al. China 2002- | Rain condition, Observatory height, MSE, MSE, Correlation,
(2017) [20] 2015 | Wind speed, Wind direction, Dew CSI: Critical Success Index
point, Temperature, Air pressure,
Humidity
Rasel etal. | Chittagon | 6-years | Rainfall, Temperature RMSE, MAE
(2017) [21] g
Banglades
h
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bl JSH saed) ) e IS0 ciiia Al Glial) e 4 AcCUracy ciiiall) 48

. TP+TN
(1) 42l Accuracy =
TP+TN+FP+FN

AR Jal) (3ukai3.3
Jupyter Notebooks jse Pla (e Python dad ay clibadl Sugadl malpg @bl aladial &

pandas i€ aadiw silly <Anaconda Navigator V2.1.4/G.4L'\)g & danapll ladanll gl
gl dSyilaptop  Jgese guls Sl Ao damll 239 .Scikit-learn Python library 3 <NumPy
danin allaiy w64 pUaill g35 ¢ iy s 1.60 Corei5—8250U Jul zllaas «cublaoa 4 3515
tball zagaill 8 clgladl) udaig 21TH2 das 50 10 jeaig
cilaay) maad 1 gy agladl)

e Ailadll Ll Ay Clily g agiis (e sag Glagadl (B UaeY) Jolas Glily jame paas
. https: //power.larc.nasa.gov/data—access—viewer/ cuijy)

bl Lae g ae Wghalio 5 Lgaul Agguy Ll bl clhuall Hlod) Glue))lsa o) Byl aad
importance of random forest classifier, Lasso, : a5 @b 10 Js= o 5 sUacY) Jsha
Persons Correlation Coefficient, ANOVA , Forward selection, Backward selection,
Importance 3 «Correlation « Information gain< Recursive Feature Elimination,
.Features
bl aan 14l Fghdl)

Jiai il 5a 355 Naas 216,972 (pacaiy s 23l reaall (go cililal) de gene Joj
M) dlana 27 122021 rawwss (ing 22000 ol (s 85al) 5 (gl Sla)Yl yalial dnegal) bl
(2) A JSaN 4 maagag clagadl A (sgise o Disa

station YEAR MO DY ALLSKY_SFC_SW_DWN CLRSKY_SFC_SW_DWN ALLSKY_KT ALLSKY_SFC_LW_DWN ALLSKY_SFC_PAR_TOT CLRSKY_SFC
o A% o0 1 g 474 474 0.66 343.80 92.40
Hamad - . . .
Abu
T i g0 1 2 476 476 065 34210 93.40
2 A% 000 1 3 474 414 0.66 344560 92.10
Hamad : : : :
Abu
3 2000 1 4 441 430 0.51 35370 88.00
Abu
4 AN 0 1 s 462 511 0.63 37320 92.30
216967 Zalengei 2021 12 27 463 575 0.56 355.01 84.65
216968 Zalengei 2021 12 28 5.70 579 0.69 353.03 106.71
216060 Zalengel 2021 12 29 .98 5.50 0.60 35778 91.04
216070 Zalengei 2021 12 30 6.15 613 074 33133 11366
216071 Zalengei 2021 12 31 6.15 6.15 0.74 33270 113.35
216972 rows ¥ 35 columns
[ 3

Al oY) bl 3L (e ddadl (2) S
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<class ‘pandas.core.frame.DataFrame” >
RangeIndex: 216972 entries, @ to 216971
Data column=s (total 35 columns):

# Column Mon-Mull Couwnt Dtype

@ station 2162972 non-null object
1 WEAR 2162972 non-null inte4

2 MO 216972 non-null ints4

3 Dy 216972 non-null ints4

4 ALLSKY_SFC_Skd DM 216972 non-null Tloatsd
S CLRSKY_SFC_Skd DidM 216972 non-null floates
(=] ALLSKY KT 216972 non-null floates
7 ALLSKY _SFC_ LW DidN 216972 non-null Ffloatss
8 ALLSEY _SFC_FPAR_TOT 216972 non-null floatsed
9 CLRSEY _SFC_PAR_TOT 216972 non-null floats4d
1a ALLSENY_SFC_ WA 216972 non-null floates
11 ALLSKY _SFC_UWE 216972 non-null floates
i1z ALLSKY SFC_UW THMDEX 216972 non-null floates
13 wWsS2M 216272 non-null Ffloat64
14 T2M 216972 non-null floate4
is T2MDEW 216972 non-null Tloats4d
1s T2MWET 216972 non-null floates
17 TS 216972 non-null floates
i1s T2M_ RAMNGE 215972 non-null floated
1% T2M_MAX 216972 non-null fFloatsa
2a T2M_MIN 216972 non-null floatsd
21 QW2M 216972 non-null floatsa
22 RHZ2M 216972 non-null floates
22 Ps 216972 non-null floates
24 WS1aM 215972 non-null floated
25 WS1@M_Ma 216972 non-null Floatsd
2& WS1aM_MIMN 216972 non-null floats4d
27 WS18M_ RAMNGE 216972 non-null Tloatsd
28 WDLAM 216972 non-null floates
29 Ws5aM 216972 non-null floates
=15} WSS5SaM_ M 216972 non-null Ffloatss
31 Ws5@M_MIM 216972 non-null floatsed
22 WS58M_RAMNGE 216972 non-null floats4d
3=z WDSaM 216972 non-null Tloatsd
= PRECTOTCORR 216972 non-null floates
dtypes: floats4{21), inte4(3), object(l)
memory usage: 57 .9+ MB

il S oo bl padle (3) J<all

station

YEAR

MO

DY ALLSKY_SFC_SW_DWN CLRSKY_SFC_SW_DWN ALLSKY_KT ALLSKY_SFC_LW_DWN

ALLSKY_SFC_PAR_TOT CLRSKY_SFC_

aowN

216967
216968
216969
216970
216971

4

27
27
27
27
27

2000
2000
2000
2000
2000

2021
2021
2021
2021
2021

216972 rows x 35 columns

1

o e W

27
28
29
30
Exl

474
476
474
441
4.62

483
570
498
6.15
6.15

474
476
474
439
5.11

575
579
589
613
6.15

0.66
0.66
0.66
061

063

056
089
080
074
074

343.80 92 40

342.10 93.40
344 60 93.10
353.70 88.00
373.20 93.30
356.91 84 66
353.03 106.71
35778 91.94
331.33 113.66

33270 113.35
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In [7]:

out[7]:

Missing Value

missing = pd.DataFrame({ 'missing’:df.isnull().sum{)})
missing

missing

station

YEAR

MO

DY
ALLSKY_SFC_SW_DWN
CLRSKY_SFC_SW_DWN
ALLSKY_KT
ALLSKY_SFC_LW_DWN
ALLSKY_SFC_PAR_TOT
CLRSKY_SFC_PAR_TQT
ALLSKY_SFC_UVA
ALLSKY_SFC_UVB

o o o o 2o o o o o o o o o

ALLSKY_SFC_UV_INDEX
wsam 0
T2M 0

Al Ao ganall A Gl el and 83 g88al) asdll 2ae (5) JSA

In [8]: | df1

Duplicates

pd.DataFrame{df)

newdf = dfl.drop_duplicates()

newdf . shape

out[e]: (216872, 35)

Al de sanall L35 Siall S el 253 5 (e 3l (6) IS

In [45]:

Feature scaling

from sklearn.preprocessing import StandardScaler
sc = StandardScaler()

X_train = sc.fit_transform(X_train)

X_test = sc.transform(X_test)

X_train

array([[ @. , ©.39558108, 1.58928867, ..., -
-0.62276962, ©.49928345],
[ e. , -1.18204016, -0.7318636 , ...,
-0.16008365, -6.40225334],
[ e. , -1.82427704, -0.44182057, ...,
8.38083431, -0.8383884 ],

ey

.677e1414,

-
[y

. 39698879,

[

.35200248,

[e. .
-8.79751218,
[e. .
-0.88826246,

ey

55334410, -1.82109764, ..., -
55601504],

65767960, ©.42007253, ...,
84919400],

49001748, ©.1390385 , ...,
#3822354]])

.11271367,

@

.869@3309,

@

.68122047,

[N )

a. B
@.67476628,
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Convert Continous to Category target variable
In [16]: category = pd.cut(obj_df.PRECTOTCORR ,bins-[-1,0.1,8.2,08.4,8.8,1.6,3.2,6.4,12.8,25.6,51.2,102.4,204.8],
labels=[1,2,3,4,5,6,7,8,9,10,11,12])
obj_df.insert(12, 'rain_group’,category)
obj_df .head(18)

station YEAR MO DY ALLSKY_SFC_SW_DWN CLRSKY_SFC_SW_DWN ALLSKY_KT ALLSKY_SFC_LW_DWN ALLSKY_SFC_PAR_TOT CLRSKY_SFC_PAR_

0 1 200 1 1 474 474 0.66 3438 924 -9
1 1200 1 2 476 476 0.66 3421 934 -9
2 1 2000 1 3 474 474 0.66 34456 931 -9
3 1 2000 1 4 4.41 439 061 3537 850 -9
4 1 2000 1 5§ 462 51 063 3732 933 -9
5 1 2000 1 & 5.08 5.00 070 3674 1028 -9
] 1 2000 1 7 434 4.60 059 351.6 88.3 -9
7 1 2000 1 8 495 5.00 067 3391 100.0 -9
8 1 2000 1 8 481 489 066 3345 974 -9
9 1 2000 1 10 4.38 438 0.59 3276 876 -9

10 rows x 36 columns
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In [28]: obj_df.rain_group.value_counts()
Qut[28 1 158887

=] 9a32

5 2426

7 7967

4 6943

o 6748

3 6a21

2 Sl668

2 4889

18 3723

11 186

12 16

Mame: rain_group, dtype: into4

Imbalanced
In [47]: from imblearn.over_sampling import SMOTE
In [48]: smote = SMOTE()
In [49]: X _train_smote, y train_smote = smote.fit resample(X train.astype('float'),y train)

In [58]: from collections import Counter
print(“before”, Counter(y train))
print{“after™, Counter(y_train_smote))

before Counter({1: 116738, 6: 6224, 5: 5011, 7: 5472, 4: 4881, O: 4726, 3: 4241, 2: 3506, 8: 3371, 18: 2648, 11: 77})
after Counter({1: 118738, 2: 118738, 9: 118738, 3: 116730, 6: 110738, S: 118730, 4: 118738, 7: 116738, 5: 116730, 18: 1168730, 1

1: 118738})
Al Eas (e el Hlod) Byla aniy el 28l (2) B8y Jsaall
Method No of No & Selected Features KNN | DT | RF B
Features
1. Forward 12 'station’, 776 | 73.8 | 78.6 | 76.7
selection "YEAR','MO','DY","CLRSKY _
Supervised) SFC_SW_DWN’,
'"ALLSKY_SFC_LW DWN',
'ALLSKY_SFC_UVA''WS2M
VY T2MWET','T2M_MIN','RH
2M''PS’
2. Informatio 14 'MO', 73.8 | 73.1 | 76,5 | 75.5
n gain 'CLRSKY_SFC_SW_DWN,
Supervised) 'ALLSKY_KT',
'ALLSKY_SFC LW _DWN/,
T2M','T2MDEW', ' T2MWET',
T2M_RANGE', 'T2M_MAX,
‘T2M_MIN', '‘QV2M',
'‘RH2M','PS', 'WD10M']
3. Pearson 17 'ALLSKY_SFC LW _DWN''AL | 726 | 705 | 76.3 | 74.6
Correlation LSKY_SFC PAR TOT''ALLS
Coefficient KY_SFC_UVA''ALLSKY_SFC
Unsupervise _UVB'/CLRSKY_SFC_SW_D
d) WN','"QV2M''RH2M', T2MWET
T2M_MAX','T2M_MIN','TS','W
D50M',
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'WS10M_MAX''WS10M_MIN;,
'WS50M','WS50M_MAX',"WS5
OM_MIN'
4. Correlati 16 ‘ALLSKY SFC LW _DWN!, 722 | 703 | 76.1 | 743
on '‘ALLSKY_SFC_PAR_TOT,
Unsupervise 'ALLSKY_SFC_UVA',
d) '‘ALLSKY_SFC_UVB''QV2M,
'RH2M',' T2M_MAX',' T2M_MT’,
TS','WD50M',WS10M_MAX';'
WS10M_MIN','WS50M','"WS50
M_MAX'"WS50M_MIN'
5. Importan 12 'ALLSKY_KT, 728 | 72.7 | 75.8 | 75.1
ce of '‘ALLSKY_SFC_LW_DWN,,
Random T2M', " T2MDEW', T2MWET',
Forest TS, T2M_RANGE/,
Unsupervise T2M_MAX', ' T2M_MIN',
d) '‘QV2M', 'RH2M', 'PS'
6. Backwar 12 ALLSKY_SFC_SW_DWN, 73 71 | 75.8 | 74.3
d Selection '‘CLRSKY_SFC_SW_DWN/,
Supervised) 'ALLSKY_SFC_LW_DWN/,
'‘ALLSKY_SFC_PAR_TOT,
T2MDEW', T2MWET','T2M_R
ANGE''QV2M''RH2M','PS','W
S10M','WS50M'
7. Recursive 11 'ALLSKY_SFC_LW_DWN/, 72.8 71 | 755 | 743
Feature 'CLRSKY_SFC _PAR _TOT,
Elimination T2M', " T2MDEW/',
Supervised) T2MWET','TS', ' T2M_RANGE/,
T2M_MAX', T2M_MIN;,
'‘QV2M'RH2M', 'PS'
8. Feature 12 '‘QV2M', 'RH2M', T2MDEW, 735 | 722 | 755 | 74.8
mportance ToM RANGELTZM MIN:
Supervised) 'MO', TS'WD10M'
9. ANOVA 12 'ALLSKY_SFC LW DWN'AL | 716 | 69.7 | 75.3 | 73.8
Supervised) LSKY_SFC_UVB'T2MWET'"
TS''QV2M''RH2M','WS10M",'
WS10M_MAX''WS10M_MIN',
WD10M''WS50M_RANGE','W
D50M'
10. Lasso 7 [T2MWET", 69.7 | 68.6 | 73.1 | 71.8
Unsupervise 'ALLSKY_SFC_UVA,
d) 'CLRSKY_SFC_PAR_TOT,
'‘ALLSKY_SFC_UV_INDEX'
WD50M',"'T2MDEW','/RH2M']

ABa) jlaaas andil) Aol s Adijh Juadl LIS tdalad) el
Forward o) dobadll dae)lsd 8 daaplsd dunil bzl (2) &) Jsaad) e
(iaaill) avill Clae lsa IS 8 A8y Y are el (laill i @) 1l a5 cSelection
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By s el Jgha cVrar 5l B 5i5al cljaall Juadl maad rdaulud) sghadl)
tsty dale 12 laase clyall deadl of s ¢(2) 8y Joanll Wi
'station’, "YEAR','MO','DY","CLRSKY_SFC_SW_DWN', 'ALLSKY_SFC_LW_DWN’,
'ALLSKY_SFC_UVA','WS2M','T2MWET','T2M_MIN','"RH2M","'PS".
DY) Jshas canar gl b deadiesd) i) il (3) @) Jsaal

ol

3l a8

A o

Station

JORT

YEAR

e

MO

ol

DY

slandl b e Aalgl) 3 paaill il sall ¢ Ll S

ALLSKY SFC_SW_DWN

slonad) el (o dailgll Al 5 jpemdl] S sall ¢ Lad

CLRSKY_SFC_SW_DWN

ALLSKY KT

elanidl mhans (30 Adadlel) AL hall s gall g lail JS

ALLSKY SFC LW DWN

slaud) mhav e PAR J1 S ¢ sanse

ALLSKY SFC_PAR TOT

CLRSKY_SFC PAR TOT

sloud) s 00 UVA ¢ ladl S

ALLSKY SFC_UVA

eladl C.LM e UVB gledl K

ALLSKY SFC UVB

slasadl mhaws (10 UV iige IS

ALLSKY SFC_UV_INDEX

e 2 i Fl )l de ju

WS2M

)3.42.33‘:3)\);.“3;)3

T2M

e 2 die adiall /il da )

T2MDEW

)LZJJLM\C{__\;AA\BJ\P;\;JJ

T2MWET

oY) s 3)) A

TS

Fe2 e die )l allda

T2M_RANGE

@AE‘JASJLQ{MJ\J;J\:\AJJ

T2M_MAX

@Ji&ﬁ)hzﬁcﬁ_)\)ﬂ\aé_)d

T2M_MIN

i) i e i gk

QV2M

a2 Sie gl B350 )

RH2M

eaaal) jaaY¥) Jsha Jae

PRECTOTCORR

bl i

PS

S 10 2ie 2L e

WS10M

el 258 e 10 die oL e

WS10M_MAX

‘;‘aﬂhs)lqlomc\_ul\ky

WS10M_MIN

S 10 e die £l de

WS10M_RANGE

e 10 2ie L)) ol

WD10M

e 50 2ie 2L e

WS50M

Slel 28 Jia 50 2 #l )l de

WS50M_MAX

)l 23S jie 50 xie 2l ) de

WS50M_MIN

S 50 e die Fl )l de

WS50M_RANGE

e 50 2ie L)) ol

WD50M

sl 4

) Gus (e UaY) Jsha Yoy gaill e Jeadl HLEAY 2 3ga ol 23 .1

OLAY A8 Cun e daapled deal o ddlide Gliagie (e Glieylid 10 1 el e cps 2
.Wrapper JI duagia e Forward selection Juduial) oale¥) HLaa¥l daejslsd & <lyall
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Claplsd P e dulead) ol Y Al ) sl & &y Vi el .3
& «(Random Forest) ddlsiall Llall dia) lsa aladiuls %78.6 (& dexiiwall (Cuiesill) sl
«(Bagging) duaill du) lsa alasinl 76.6% o5 ((KNN) haall (ol duailsd sladinls 77.6%
.(Decision Tree) Ll syad 4y lsa aladinls 73.8% o

e ¢ jUaa¥) Jshat C¥aeay sl & 48y Jaae JadY i DA (e Cljaall Juadl 303 & 4
CLRSKY_SFC_SW_DWN, DY, MO, YEAR, Station) a, 12
ALLSKY SFC LW DWN,ALLSKY SFC UVAWS2M, T2MWET,T2M_MIN,RH2M,P

e Lk 5

a0 & clajgaty dgran 8 Al jUaeY) Johe Glly e @lie sae ae Jalaly 7354 ol o
Jare (abid) clyaall Juadl alaticd DA (g leleadl o il sda e lgipail il lea 10 2
i) Gl s aladiuly 48l

lgaladind 5 Wrapper 1l daagie ¢ Forward selection Juladiall ga\.,&\ OLEAY) Ayl
a3 duaypled e A8 B Be 13 5 11 ladl xeg a8y o} caiia liels e 12 laal) g
Glaay N5l ans ang LS ccupn Al LAY @t (A1) @il lsal) @iy Supervised i)
Accuracy &l jLae lgendi a5 .(2) o8y Jeasll & daiases Unsupervised Gyl dwalall e
Decision )2l 5»i (K-Nearest Neighbor (KNN) ¢))uall g,_DéT) Caria’t Gl led @j DA (e
N axa el @y al «(Bagging (B) 4uailly (Random Forest (RF) 4ilsial L) (Tree (DT)
«Correlation persons 4.))lsa & cInformation gain & chuall Hlady el Al due)lsall 48,
s Lass0 duejlia o 4y <NV aee JB 0yl Sl due) lsalls (Filtering duiail) Liagia oo LaadiSs
il Lpnall il sl St mam (2) 4 dsaalls -Embedded diecad) dagidl (e
(i) it Faa) lsd (S0 28N Jare s kil

e 12 oy jUadll Joba claeer 5omill 8 38 Jaee o) @and ) Sl sy
CLRSKY_SFC_SW_DWN, DY, MO, YEAR, Station)

LLSKY_SFC LW DWN,ALLSKY SFC_UVAWS2M,T2MWET,T2M_MIN,RH2M,
DY) da)len DA e baaas & Gliuall a2y (3) &) daall (4 meage @il Jleas (PS
Pa e Sliai lsd Brde e Daadled Gols sl Lies a5 Forward selection Juluial) aleY)
Lladll

-

Laal 6
iy Glagadl 5 JUaY) gl < ane sl b 55l il Jadl a2 3gai sl o3
il yoen 4y Forward selection (il olaV) HLadV) 4 lsd DA (e gt 23 il
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oLy oy tbuas Bam Aubal) Ciapd Cua ¢ el BLa (e Slaa) lsd Brdie G (e Laad sl B3
o Aalia (3halie 8 Jany Cuno zhgall sl s ) i) A Gilse g) Claa Bae e g e
e Lginant s cljaall ladl il jlsd Ciea bilis e paiesal) sl 48y ST ) 48y lageddl Al
Juad] 20l #3501 ol Ayl 38 iyt A8 ol 38a3 Cuaal (54l 3yha dujan diiaal) S callal)
“haa JLEA) Laayled Jamdl (e layladls Glagad) Al (& jUae¥) Jgha <Y ane 5l 8 85l Cliaal
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