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Local governments are confronted with rapidly changing environmental dynamics,
including demographic shifts due to low birth rates and an aging population, the
emergence of COVID-19, and global economic stagnation. The accuracy of tax
revenue forecasting is gaining attention for stable financial management while
reflecting the environmental changes surrounding local governments. In this study,
we collected data on local tax collections from 1994 to 2021 and applied various
algorithms to predict total local tax revenue from 2017 to 2023. The results were
compared with actual collections and existing estimation methods to determine
if machine learning methodologies can be applied to local tax revenue forecasting,
and if so, which models (algorithms) have the highest accuracy. Accuracy was
evaluated using MAPE and RMSE. We found that neural network-based machine
learning methodologies are more accurate. This confirms the usefulness of applying
machine learning methodologies to improve the accuracy and speed of local tax
revenue forecasting. The significance of this study is that it explored improvement
measures to reduce the error of local tax revenue estimation by applying various

machine learning methodologies based on data.

[] Keywords: Machine Learning, Algorithms, Revenue Forecasting, Local Finance,
Tax Revenue Error
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(B 4) XM A 72(1994~2021)
(FY: 1Y

o PIENES] il P ESNES

1994 13,158,532,134 2008 45,622,842,577
1995 15,494,592,259 2009 45,167,789,510
1996 17,407,902,024 2010 49,159,804,982
1997 18,402,297,620 2011 52,300,144,494
1998 17,225,238,697 2012 53,938,064,336
1999 18,616,273,165 2013 53,778,880,641
2000 20,602,537,923 2014 61,725,013,244
2001 26,665,055,185 2015 70,977,794,136
2002 31,525,799,629 2016 75,531,651,466
2003 33,132,942,858 2017 80,409,136,820
2004 34,091,408,026 2018 84,318,258,059
2005 35,977,358,996 2019 90,460,408,494
2006 42,812,025,242 2020 102,048,782,443
2007 43,524,289,072 2021 112,798,429,503
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H 5 XAl o= ZIHRNN X))
(S9): Aloig)
e / 3= 2017 2018 2019 2020 2021
PSESSES 80,409 84,318 90,460 102,049 112,798
Sx0|At 71,189 77,914 81,827 90,950 92,605
A= 66,973 71,498 76,100 80,833 85,486
l_ NEET 65848 | 70,181 | 74587 | 79114 | 83562
near AE+H2e 50655 | 62351 | 67239 | 72775 | 78312
JNEETVET 57460 | 60263 | 65028 | 69453 | 74419
A= 67,154 71,536 76,052 80,728 85,343
ridge N 65,784 70,120 74,532 79,060 83,511
AE+N|=H 59,673 62,358 67,241 72,775 78,310
AZT+MI=H 57,421 60,228 64,995 69,415 74,379
AlEH 66,973 71,498 76,100 80,833 85,486
lasso Al 65,847 70,180 74,586 79,113 83,561
NS 59.655 | 62351 | 67239 | 72775 | 78312
JUEEISTETe 57450 | 60262 | 65026 | 69451 | 74417
A= 61,725 70,978 75,532 80,409 84,318
tree A4 61,725 70,978 75,532 80,409 84,318
AE+M=E 61,726 70,978 75,532 80,409 84,318
AlZT+MI=E 61,722 70,992 75,536 80,409 84,318
= 58955 | 67,045 | 72785 | 77539 | 81,888
) NE=T 50.142 | 67338 | 73050 | 78102 | 82.257
AE+N|=H 59,884 67,258 73,320 77,968 82,712
AlZ+MI=E 59,263 67,532 73,108 78,247 82,193
A= 60,384 69,502 73,752 78,627 82,473
NEET 53157 | 62120 | 66506 | 70.846 | 75449
o NE+2e 57472 | 63714 | 70154 | 75189 | 79,639
AZ+MI=E 52,183 58,487 65,639 70,205 74,121
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201795E 20219714 A4 J5AATH vAleld BAS BEIE A 1S9 7]
& AelS AR Aol Arin o 2e B4o] Yehatek A, e
AxolA] 71E A5elE PAlFzobo] 7 Holt Aieh. BA, AR eato] 27
= mdo] we} theA Lepton, U wdolteky siywre] AlRst Aol et o
= wAh0] W9I7h A4S thA Uehdth SEHOR wreed] Aol Shsao] A2, A
27, AEde ARsEEes o5 Bx7h 24 it ole]

slseo] wet o0 #A} A etk BiAEko 2 BE Aol o3
88 2 Aol ool 20 e s ol Hih G ofulshl, Sl g
Shejeh thRE AMAEAO)Y T2 Agsts AT fARE At e o
QA 4= ek IS0 TaolSE AL} e T ZANDALSE A A
APAIRIe] A wi3el StolA AFASE 25 ST 2GR B ol
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(B 6) XILM 0I5 Zuet Haaxol xio|
R
e / 72 2017 2018 2019 2020 2021

YA 80,409 84,318 90,460 102,049 112,798
Ot -9,220 -6,404 -8,634 -11,099 -20,194
AlE -13,436 -12,820 -14,360 -21,216 -27,313
linear AZE -14,561 -14,138 -15,874 -22,935 -29,236
ANE+M|=H -20,754 -21,967 -23,221 -29,274 -34,487
AZT+M=E -22,949 -24,055 -25,433 -32,596 -38,379
AlEE -13,256 -12,782 -14,408 -21,321 -27,456
ridge Az -14,625 -14,199 -15,929 -22,989 -29,288
AE+M=E -20,736 -21,960 -23,219 -29,274 -34,489
Al T+M=E -22,988 -24,091 -25,465 -32,634 -38,420
AE=E -13,436 -12,820 -14,360 -21,216 -27,313
lasso A28 -14,562 -14,138 -15,874 -22,936 -29,237
Al+M=E -20,754 -21,967 -23,221 -29,274 -34,487
AZT+MI=E -22,950 -24,057 -25,434 -32,598 -38,382




DIAIBY WHES H28t KK 05 et o7 zEF

e / 3= 2017 2018 2019 2020 2021
= 18684 | -13340 | -14920 | 21640 | 28480
o | NP 18684 | -13340 | -14920 | 21640 | 28480
AE+AIZH -18,683 -13,341 -14,929 -21,640 -28,480
Al F+MIEE -18,687 -13,326 -14,924 -21,639 -28,480
= 21454 | 17273 17676 | 24510 | -300911
f A4 -21,267 -16,980 -17,401 -23,947 -30,541
ST 220525 17,060 | -17,141 24080 | -30,086
NZTMEE | 21146 | -16786 |  -17.353 -23.801 730,605
A 220,025 14817 | 16708 | 23422 | 30326
NEE 27252 | 22198 | -23.954 | -31202 | -37.349
ol Ve 222,937 220,605 20,307 226,860 -33,159
ANZTM=E | 28226 | 25831 24822 | -31.843 38,677

FFHog il PSS E83 APAS IS Aol dish RMSE(Root Mean
Squared Error, v Al 22D} MAPE(Mean Absolute Percentage Error, B« &
R Q2D A 8ol FAEEE A Aaie thgat dok 3|, A7 FESE A
L7t Erha wdshet] A, AT, Alof Al RES ARst A9, Aol Alsd
TS AR A vl 7HA] TR B4 712 Al A(@EAkDe] YTt 7HY =Sk

A4, wAlEd QST o= &9 IS WIlohH AR RS Bl
MAPE®} RMSE RfFollA AP 3} 2t 3H7 A& o] 7F A dehdth
(MAPE=0.2301, RMSE=18,693,351,565). Al-TEE 232 3 MAPE= A3 3H%
2P 3197} 0.25500 2 AI50] et =4 S78=10, RMSE= 2% E&l7} 20,146,099,702
2 STt =A YEiETh Aol AlEE RS ARt F9ol4= MAPEQF RMSE HF
24 Ef)7t ol el 7F = A UEFRtHMAPE=0.2590, RMSE=20,145,928,664). A+
o N5 7R Aest FolA = MAPESF RMSE &% 2% Egj7} & A&Ago] 71
= YERFTHMAPE=0.2590, RMSE=20,144,086,853).
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E 7) XM oiE Z2H0 et 4587t

4= MAPE RMSE

IR0 A 0.1315 12,095,726,764

N 0.2301 18,693,351,565

linear A4 0.2550 20,221,822,658

AE M= 03776 26.452,911,404

AZ+MISE 0.4349 29,283,490,399

AlEH 0.2303 18,735,452,822

ridge Al 0.2560 20,275,507,283

AE+M=E 0.3775 26,449,077,230

AZT+MI=HE 0.4358 29,320,088,709

AEE 0.2301 18.693.351,592

lasso N 0.2550 20,222,708,365

AE+N =Y 0.3776 26,452,974,502

AlZT+MI=E 0.4350 29,285,220,626

NI 0.2590 20,146,099,702

A4 0.2590 20,146,099,702

free N 0.2590 20,145,928,664
Al M2

A= 0.3116 22,922,828,068

r Al 0.3056 22,581,615,149

e 03006 22.321,291.230

JNEETyYES 03039 22.508.845.321

pNL==} 0.2874 21,761,981,135

ab N 0.4331 28,905,871,883

ANE+MZ2H 0.3571 25,234,908,522

NEEITER 0.4672 30.298.483.068

2) RNN 22 o5z

RNN 2H9] - AlL-Alg-AlEEE MRS AA| Hlo|8E als5stal dl&st 2
FHoE EARE AIAE HlolHo AgStHA AE YTt w2 RES E
batch, unit, patienceE thFotA &5t} o]E MAPE 5871 Z2xtof u=t HEstH
A= LSTMETH GRUY] Heert &4 debsth

GRU SA% “batch 32, unit 100, patience 107°] 7 AE =7} &0 ol= 7|&
Algof|S BHA(FZReihEHE JEert 22 dlEgteldth. £4 batch, unit, patience®llA]
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(B 8) RNN ZEQ| o5&

T= MAPE RMSE H|Z

GRU 0.0643 5,842,315,430 batch: 32, unit: 100, patience: 10
HR0A 0.1315 12,095,726,764 -

GRU 0.1525 15,165,526,085 batch: 16, unit: 100, patience: 100
GRU 0.1787 14,950,026,009 batch: 16, unit: 100, patience: 50
GRU 0.1792 15,405,631,404 batch: 16, unit: 100, patience: 10
GRU 0.1794 14,876,567,641 batch: 1, unit: 100, patience: 50
GRU 0.1933 15,657,180,033 batch: 1, unit: 100, patience: 100
GRU 0.2023 16,952,705,641 batch: 8, unit: 100, patience: 50
GRU 0.2129 22,302,732,527 batch: 8, unit: 50, patience: 50
GRU 0.2140 16,219,080,824 batch: 8, unit: 100, patience: 10
GRU 0.2144 17,322,103,632 batch: 1, unit: 50, patience: 50
GRU 0.2326 18,649,574,211 batch: 32, unit: 50, patience: 50
GRU 0.2420 21,264,321,468 batch: 32, unit: 50, patience: 100
GRU 0.2715 19,957,405,285 batch: 1, unit: 50, patience: 100
LST™M 0.2781 34,535,576,593 batch: 16, unit: 100, patience: 100
GRU 0.3025 21,491,865,251 batch: 1, unit: 100, patience: 10
GRU 0.3043 20,826,364,141 batch: 1, unit: 50, patience: 10
GRU 0.3152 22,122,329,433 batch: 8, unit: 50, patience: 100
GRU 0.3353 23,884,501,140 batch: 8, unit: 100, patience: 100
GRU 0.3627 24,718,173,012 batch: 32, unit: 100, patience: 100
GRU 0.3728 28,301,848,941 batch: 32, unit: 100, patience: 50
GRU 0.3847 29,505,235,570 batch: 16, unit: 50, patience: 100
LSTM 0.3890 25,140,304,969 batch: 32, unit: 100, patience: 50
LST™M 0.3939 27,440,537,940 batch: 16, unit: 100, patience: 50
LST™M 0.4056 25,801,357,542 batch: 8, unit: 100, patience: 100
LST™M 0.4270 30,177,672,617 batch: 8, unit: 50, patience: 100
LST™M 0.4455 32,266,237,443 batch: 1, unit: 50, patience: 50
GRU 0.4853 28,955,895,536 batch: 8, unit: 50, patience: 10
LST™M 0.5167 34,220,221,762 batch: 32, unit: 100, patience: 100
LST™M 0.5760 33,539,532,236 batch: 32, unit: 50, patience: 100
LSTM 0.5849 34,364,574,308 batch: 1, unit: 100, patience: 100
LST™M 0.6577 36,306,414,929 batch: 16, unit: 50, patience: 100
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The= MAPE RMSE H|Z

GRU 0.6966 35,074,239,395 batch: 16, unit: 50, patience: 50
LSTM 0.7073 31,690,013,921 batch: 1, unit: 100, patience: 50
LST™M 0.7085 34,412,522,202 batch: 8, unit: 100, patience: 10
LSTM 0.9352 45,585,886,107 batch: 1, unit: 100, patience: 10
LSTM 1.0780 58,528,001,518 batch: 8, unit: 50, patience: 50
LSTM 1.1989 44,628,688,136 batch: 16, unit: 100, patience: 10
GRU 1.2547 49,752,919,235 batch: 32, unit: 50, patience: 10
LSTM 1.2982 47,611,157,743 batch: 8, unit: 100, patience: 50
LST™M 1.3543 58,877.853,294 batch: 16, unit: 50, patience: 50
LST™M 1.5040 47,669,613,344 batch: 32, unit: 50, patience: 50
LSTM 1.6374 54,551,039,719 batch: 32, unit: 100, patience: 10
GRU 1.7282 52,016,038,306 batch: 16, unit: 50, patience: 10
LSTM 2.1872 60,233,560,517 batch: 1, unit: 50, patience: 100
LSTM 3.6465 67,593,673,813 batch: 8, unit: 50, patience: 10
LSTM 10.1473 78,964,442,094 batch: 32, unit: 50, patience: 10
LSTM 10.3084 63,108,072,782 batch: 16, unit: 50, patience: 10
LST™M 44.1927 63,793,241,892 batch: 1, unit: 50, patience: 10

Z: batch: 3o Sk&3H= HlolE] AlOlZ, unit; 8 4, patience: Early Stopping ©4 4=
MAPE H5H7Fs 7122 A AHA| dSA] 9 A== AXohd thaat 2t

(E 9) MAPE 7|& XA GISX] AIZHRNN Z2)

(291 A1)
= 2017 2018 2019 2020 2021 H|
ey 80,409 84,318 90,460 102,049 112,798
SHROf|Lt 71,189 77,914 81,827 90,950 92,605
74,930 89,816 85,127 94,155 108,365 #1
GRU 97,317 75,255 92,302 77,117 100,269 #2
53,899 77,141 71,773 100,181 109,555 #3
49,845 71,137 104,280 169,970 119,961 #2
LST™M 50,303 41,022 88,629 83,565 118,650 #4
89,159 47,970 74,182 60,519 93,370 #3

1 #1: batch: 32, unit: 100, patience: 10
#2. batch: 16, unit: 100, patience: 100
#3! batch: 16, unit: 100, patience: 50
#4: batch: 32, unit: 100, patience: 50
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= 2017 2018 2019 2020 2021
i 80,409 84,318 90,460 102,049 112,798
RO -9,220 -6,404 -8,634 -11,099 -20,194

-5,479 5,498 -5,334 -7,894 -4,434
GRU 16,908 -9,063 1,841 -24,932 -12,529
-26,510 -7,177 -18,687 -1,868 -3,243
-30,564 -13,182 13,820 67,921 7,163
LST™M -30,106 -43,296 -1,831 -18,484 5,851
8,750 -36,348 -16,279 -41,529 -19,428
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