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<Abstract>
Forecast of health expenditure by transfer function model

Sang-A Kim, Woong-Sub Park’¥, Yong-Ik Kim"
Department of Public Health, The Graduate School of Yonsei University, Department of
Preventive medicine & Public Health, College of Medicine, Kwandong University’, Dépantment
of Hedlth Policy and Management. College of Medicine, Seoul National University”

The purpose of this study was to provide basic reference data for stabilization scheme of
health expenditure through forecasting of health expenditure. The authors analyzed the
health expenditure from 1985 to 2000 that had been calculated by Korean institute for health
and social affair using transfer function model as ARIMA model with input series. They
used GDP as the input series for more precise forecasting. The model of error term was
identified ARIMA(220) and Portmanteau statics of residuals was not significant.
Forecasting health expenditure as percent of GDP at 2010 was 6.8%, under assumption of
5% GDP increase rate. Moreover that was 7.4%, under assumption of 3% GDP increase rate

and that was 6.4%, under assumption of 7% GDP increase rate.

Key Words : Health expenditure, Forecast, Transfer function model, Time series
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W2 FHRE, AR 223 ASege] FERES UMSRY, UgEY, M, vl
Feiuizieka), 223 199 NAREe 5L Agagon, V)5ERe AARAIE, §

FRZA A Y, AAFR, T2 ARAY FEE AHSIITHEYA T, 2002).
39 9484

o2 GDP(ZUWFAAE Gross Domestic Product) A&+
& 2 GDP(&=<%, 200302 AHgatitt. +2luete] GDP
AAEL 19969 olF2 A& Zasty glovt Fulelsy] F7HE IMF 894717 4
9199737} 199838 A9t 14%0)13 P38 F7hete], 19863l F1¢5H]7} GDPol
A ApAsh= 1)Z0] 392019101 20004 el 59%2 Z7FEHITHE 1.

<Table 1> Trend of GDP" and health expenditure”™ by years.
(unit : 1,000 million)
GDP Health expenditure Health
Year expenditure /
Value increase rate Value increase rate GDP
1985 81,312 - 3166 - 39%
1986 04,362 16.7% 3373 22.3% 41%
1987 111,198 17.2% 4,455 150% 40%
1983 132,112 18.8% 5509 23.1% 4.2%
1989 148197 12.2% 7,074 28.4% 48%
1990 178,797 20.6% 8541 20.7% 48%
1991 2165511 21.1% 9,708 13.7% 45%
1992 245700 135% 11,638 199% 47%
1993 207497 129% 13,160 13.1% 47%
1994 323,407 16.5% 15118 149% 47%
1995 377,350 16.7% 17,619 165% 47%
1996 4184719 109% 20,712 176% 49%
1997 453276 83% 22,748 9.8% 50%
1998 444,367 -2.0% 22,855 05% 51%
1999 432,744 86% 26,825 17.4% 56%
2000 521,959 81% 30,680 144% 59%
2001 551,558 5.7% - - -
2002 596,381 81% - - ~

data: " The bank of Korea
™ Korea institute for health and social affair
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71E9 Fusnld 9Fg A= dFsd dg dFedA g A 49y
12 = ¥FE GDPE 484 3o, suiass ‘—_HL“‘-JEH]E}J 2% AR
=7 &R0z BuHo H%rHNewhouse, 1977; Parkin, 1989; Gerdtham et al,
1992, Hitiris, 1992). 28]\t @MY FAE S8 ¥R 2ole tgFd AR L o
ATAEY 22 NALG ASAME AT 7 (o dustkd EEAd Aage oA
ol A7Vl EASE] Wl 2AFe] 5340 WwEskA 7] WEolth(Diggle et al,
1994).

mEhA o] ATE IR FHE tEIARAod AAE 24 2FA ARIMA(Auto-
Regressive Integrated Moving-Average) ¥4 %2 ARsl7| s GDPY 43S 19
sto] BT} Agg IRlgnE d5stua sigich ol& A AHHFIL = ARIMA &2
H(ARIMA model with input series)?! o845 3(transfer function model)& AHE-3}31t}.
AN e ol 8F BANHE AMAY Aol@ge] 4% Aol dWtARl ARIMARH S
HolgTRFA ALl e Aot/ 833, 19%). o] FHdMe 4 1%
Zo] HodrRy F o] ohd LAFE 747 AR S At

(o3
A o
o

=
=

& oy = AR ARANAL FEHT
x = AR AAAE SHET
N = t}‘];g _Q_i}fﬂ-

F4 19 2ZelA N7b dAzEolztd ole FARF] HAA N7k A2 53] of
ez Holgs o] Hol Box-Jenkins®] HHE Wt N2 EFEE FHSL yE

3 e gt ﬁoi AHE-EE Box-Jenkins®] WHHEe] wet R3O AE, 34,
A W o9 WAE AFHOEE, 199). 3 WA GAA PERAAE AER
ACF(A7]°3#8r= Auto-Correlation Function) ¥ PACF(HA}7)/d#g: Partial Auto-
Correlation Function)& AHEsto] SHAIAIG A%, 289 Fes} I A4E Mies gt
otaloict. T3k AIC{Akaike’s Information Criterion)® SBC(Schwarz’'s Bayesian Infor-
mation Criterion)E AHE-3led AR} MAS] A& 0FE 2744 EF 1ejste] AAd 2
S AR JeY ARIMA022) 239 Afeole 8ol FHHA ot AHE AAlst
A Zogich 7 AR DA 23 FADA NN SAMIIA SAS version 818 AH8-st
of 289 me}re]E 2A% A F(conditional least squares)e] WOz FA3o] zt
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Figure 1. Trend of health expenditure
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Figure 2. Trend of health expenditure after second differencing
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Figure 3. Trend of GDP
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Figure 4. Trend of GDP after second differencing
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L = NRAR (Lry=y,)
a = 9AFE
<Table 2> Results of conditional least squares estimation by models
AR lags MA lags Parameter Estimate SE. t-value

0 0 GDP 0.05 0.01 478™

0 1 MA(1) 045 0.30 1.50
GDP 0.05 0.01 43"

1 0 AR(1) -0.26 0.29 -0.90
GDP 0.05 0.01 440™

1 1 MA(1) 050 1.02 049
AR(1) 0.08 1.03 0.08
GDP 0.05 0.01 409"

1 2 MA(1) -0.20 1.5 -0.16
MA(2) 0.48 0.40 118
AR(D) -0.46 115 -0.40
GDP 0.05 0.02 2.88"

2 0 AR(1) -0.49 0.22
AR(2) -1.00 0.35
GDP 0.04 0.01

2 1 MA(1) 0.02 048
AR(1) -048 033
AR(Q2) -1.00 037
GDP 0.04 0.01

2 2 MA(1) -0.27 1.80
MA(2) -0.92 257 -0.36
AR(1) -0.32 1.49 -0.22
AR(2) -1.00 2.25 -0.44
GDP 0.05 0.02 3.00°

p<0.05, “p<0.01, "p<0.001
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<Table 3> Portmanteau statics of residuals by models

AR lags MA lags Lag DF. X*-value
0 0 6 6 129%°

12 12 2326

0 1 6 5 9.68

12 1 1750

1 0 6 5 1312

12 1 2226

1 1 6 4 94

12 10 1725

1 2 6 3 532

Lai)

*5<0.05, “p<001,

p<0.001

A9 ARIMA(220) B8& AH83ts GDPY) 4558 o83t Uzt 48 A3#ss
ok A 30999z $-2lustE ds] wEA GDP7E Agstel At n5AR T HEo] o
g 714 HE &7 B4R H el A= vt wstEEA EAdE 3A
g 2 1%l A&HHT st AR B 4k webd ARl Ao A
Aotz & =+ 3lE GDP 43 E 3%E 7H4std AFA sieH, 7%E 75t ﬂ?rzﬂo}“
th. FFAE GDP A2E 5%% 7Mgstglon 95% A7k 242 A SSick®E

FAAI GDP HEE 5% 7Mdske B-(FFA), 201089 F-Ejviet %‘MEHI% 60
Z(95% AT B2~TIR)E L*ov Aoz AFHh AAFor eyt AAs}
AR obeta 7148 GDP ARES 3%2 s A$ol= 2010d0E Fuogn|7} 5
Z(95% AT 1 42 ~662)F HOVE* 7oy, GDP 43&E& "™%=2 7Mste At
201012) =R gn|7F 652(5% AFFI AR ~T62)E dold Aoz ==t
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<Table 4> Results of forecast and sensitivity analysis by GDP increase rate
{Unit : 1,000 million won)

GDP Year Forecast SE. 9% Confidence limit
3% increase 2001 32,101 634 30,859 33,343
assumption 2002 35,231 1,150 32971 37484

2003 38913 1,401 36,166 41,659
2004 40,714 1,836 37,116 44312
2005 41935 2,565 36,909 46,962
2006 45,369 3102 39,283 51,449
2007 48,358 358 41,332 55,384
2008 49404 4342 40,833 57915
2009 51,892 5122 41,854 61,930
2010 55,679 5729 44451 66,907
5% increase 2001 32,101 634 30,859 33343
assurnption 2002 35,231 1,150 32977 37484
2003 39,343 1,401 36,59 42,089
2004 41,609 1,836 3,011 45,207
2005 43331 2,565 38,304 48,358
2006 47304 3,102 424 5335
2007 50,875 358 43,848 57,901
2008 52,545 4342 44,033 61,006
2009 55,704 5122 45,665 65,742
2010 60,210 5729 48982 71433
7% increase 2001 32,101 634 30,859 33,343
assumption 2002 35231 1,150 32977 37434
2003 39,773 1,401 37,027 42,520
2004 42,521 1,836 38,923 46,119
2005 44781 2,565 39,74 49,807
2006 49,353 3,102 43273 55,434
2007 53,590 358 46,564 60,617
2008 55,999 4342 47488 64510
2009 59977 5122 49,938 70,015
2010 65,387 5729 54,160 76,615
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<Table 5> Comparison of health expenditure forecast by model, 1999, 2000
(Unit: 1,000 million won)

1999 2000
Model
Estimate Error Estimate Error
Real value 26,825 - 30,680 -
Transfer function 25,503 V1,322 21959 V2,721
ARIMA(2,2,0)° 23,026 V3,799 24,427 V6,253
Regression™ 22,932 V3,893 24893 V5,187

* (1+0.31L'+0.63°2) Viyt=at
* y=0.05 - x-1,205+ ¢ ; R*=0.99

o] AFAztolA 20109 $-2viel FwlejgnE 602 o

2000d =1 gule] vlste] 10dTte] 2v2 F7kske Aoivh t+y GDP 4%8E 73 &
FolA FHlegnle] F74EE GDP ARES 43T 7oz 53t GD

7% A5 IRzl 79%2 S71HAT GDP AAE0| 3% 1+ At =
AgHlE 6%7F 9A $712 202 EAFUT £F GDP AAEC] 7% AF 2010d =
W gu]E GDP th] 64%° siZ= AT GDP 4350 3% Z$ole GDP tlH] 74

Z 748 A58 AdoltHE 6). 1EZ F1Y *}%‘éfﬂ vzt A4S <t
e wels EAEG Fugnzt A nXe FEE g Ad Aoz it
o] A7ZAzs} o] FYEH] Y5Eo] GDP 45E % Fsjgte] Frtele olREAME
AAF7} Frkeka AWTF2IE F47) AN UWWM A FAOE wiHy Yok
Hdo] ®ol AAH 1 ot FUAZRPTDY FAll st A= 03Pl 248
1990 9] 654 o4 =AudARE 49%0l0 o 20013l 69%2 F7FSH, kUFH
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Ho] S7AEEE g9 343519 19909 welgduls A9 86%E AR 2 200180

= 182%4} X}Z]o-E— 02 YehrHauAZRE 3, 2002). FUAZRE TG AR
ZATAE AFEAL00DY xARJAT7 Foy] AZ dFAFAE g% A7) 1903
of 16219991 = J%@Hl% 201030 8% 539, 2020 2625 dold Aoz A
TSI THAAE. 2000). HEBAY A Wedss 288 T WS FHeHA Adsstn 9l
o Beld 2 A AEelE 1908 20008707 BB 247%, L 244%
7kl o8 g Ase feanle A% 5% IR S8t 20008 FgH] &
A2 199099 5~68 2 SIS A9 A 5o QAN EAE AR 20% WAZ T}
sted 20009 Zgn| FAol 19909 2~3ME F/FIRATHERIZAGEDZE, 1991, 2000).
w7 E T EY w_u 71 2& AN QIE oj9oll B L9 A5,

1. al.
IFREY AT 4% gey Feust SUd8n A8 GDP 4582 43T 22
=

<Table 6> Forecast of health expenditure as percent of GDP and average increase rate, 2000-2010
(Unit : 1,000 million won)

GDP 2000 2010 Health

increase Health Health expenditure . Average
rate GDP expenditure GDP expenditure / GDP Increase rate
3% 521,959 30,630 795,478 55,679 7.4% 6.1%
5% 551,558 30,680 81,127 60,210 6.8% 7.0%
7% 596,381 30,680 1,024,694 65,387 6.4% 7.9%

QAR Seluety nAdRBY ABSL Yavite 22 WY 9% Y18
2] BA FYse B 2RA RS AREA T Pk A% Sof 2018 A%
23 AN AR AFRE ALY 98 BEFT FNARIAARAEE
W BEQAT BEdEe] Foltt UASS FRASY waw 37T, g

AE S7he 28 AU FAEH A3 8H F7F $3% 22 8 AEFTE
S0l dgigo] Q7] wiel ogH] AE F7F FAHY WEo] FHeE o|FoA7]
QA0 2 JFAHFI RAZA A3, 2002). webA o] ATl AFshe uhel o] et
BlojA F25k7) o2 e FxF g FU1E A A% fHu RA8AA
of M ZRAY thatst A Eo] AFEHIL AHojoF & Hojtk

e =
L
ajp ry

3)
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