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7 0402 0.268 0.332 0.364 0.286 0.210

Ch 7.037 7.634 8.142 8.338 8593 8719
(1949) | (1826) | (17.20) | (17.71) | (2063) | (21.14)
o AL logN 0.089 0.077 0.078 0.083 0.083 0.084
(Obs.=29) (306) | (229) | (209 | 224 | (255) (260)

Ad’l‘?wd 0220 | 0131 | 0107 | 0125 | 0165 | 0170

g3 Qb FAE t BAAY.
BH| . Statistical Abstract of USA
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G 19859 o] FolE logNel Al 9] Ftol & W3 flol Hlay AAL
gs BHolA YFE FUE £ 4 (BE T/ A¥E Y9 FA4Y
ozg jyzte dHe Tyt BERon o ¢E 1990d9 FAHANE
00870lgt Hote o, X (1D ATl HFAIEES HF (-a)7}
1/3 A= o y9 g 08BE olv 433 FAA e A &
T At

fz“ﬁ 1970 ddhell o] ghol WolAThrt 1980 o] F A5t Qe AT

Foll = BATEY Wz} Byste] goze Iz ATHAES ©A
T3 <E oA 88U & Ae ATEHA e 2o BAAe] 7=
=AY s =AY FRE HE Zipfe] WAF tEo] ZAIZA G

T g& AFH 24 (Empirical Regularity)S 4% + U&A9 A%

Bod B2 FE(E7HY ARG AE zAl s FF gs{Aor &
ol

ool _h e

2. KT #imel HBR

T8 Ut =A] BAE FoA 7P TR A2 £EUY #ARL
#ioltt. $9 uze A9 =AY 2a-Ad7¢ 2a-¢9 BAE 138
Zipfe] o] gMHozEe F slojdojxx gloy, A& BFE YA
A zZA BoiA AtHAAEQ2000) FE). 199599 A4 AT 192 A2
AEAS AREARA 3@ B¢ 2 A7 1,400084 23 38093
Foke|(F Hi7E obd) Al uio @3ta gloh

oje} o] shutel A7} Aot it WM FRAHA Y HFES AA| 8}
T 82 AMEGHE 2o vt Ao o) FFL £ Jibr)eol
45 AolE Y w dojues eItk wFEETE HASA £ A A
25 30999zt nE&AFALT 71T FA 98 Uehe oFA BYE A
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Aoz sEHol & AHd Hlsd ¥ YNFFE 2Fdhe FATEE
a&AANA gohis & F Aok BF AL 39 Holx FANANE I
o mE FAEA, uFEA T A4F Fo AAES A=AAE T e
2 343 4o 0 dWeR IE "o Hrpne & F Y& w7 v
o 735 BARZRRAA Fid wE wEe Ax o]FH| &S IAA UE
o2H =AY BFS =gt & + Atk

=8 72 Yt o)9olx o2jd A=A 2HL YA A FE F
Atk T A= 5AH AdEts AF 13%E ol dzAE Akg
3 gled, HEtde Ao #HEH A9EF] dd BAE G AsA H
B Bepdeolg AMsjol Aot

AAHLE & =A9] AAAHE e =Ald Hlsf 458 5= A%
Aol tigh F7ke o] =& M HelAA A =AY Edo] =AM
g2 A AR 71€8 9 Aol FR1o AFAY ARl s 47
T @44 de TPolge ARUE E9sita st oA & o Au
=AW o EAE dste 7P ahg A e AdEAY Jtsys
$EE AAAY 7R JAMRTE o8 =AY A Aaeks wEe
E AEHF & AL B0tk

V. & =

ALZE Arsta, =AY TR AR 10T 45 Aleldl= E@ vz
B[AZY s I7 AN AAA HFE A Ge 2RIEATE EA
& 7hsAdo]l Y sk By SEE 45HeE U HSlth 53 A4
ARG AT JEdte I FLAY EAgt o5 FrAS 2
Zdhe EARNETEN ATIA R ARE olestE Hdth o|FA
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ANERE #ifie] RE - FERT O 1B 8% st

ool FAIS O RS Axde AdEsre @4 €3y e Be
HA7I9EC] ddFor FUA A 4&8& dvhe oAvldA Mz2e 73
AR 2= A8 F e 44 e BWAEFRE do B oy Ro}
A 84E FAHE Mt o EAIHERY] EAe 1 ¢ dg &
T Ao

& o] =& oEy] AL 7T RYPor JHaH YA 84
% a2 A8E ANFTE FHE AR AT 3G Futse FAEE
7 glen ad wet g2 3% ?“ﬁ‘ﬂr;ﬂls AA Zhe,

2 Aol E AARE BKE Ao HHLY AEIH] olgstoey
A4 2% YN £E Ao ol WA AEAR neE el

B8 RE FAFAS) Bsthe ¥ 239 sPgelE @At Aok o8
HY 2 EAZE e wY §5E FUL welslt WSl g
W o] =EolN neid 29 AANL 3A Wold +& Yt

Aoz EAlS gge FHHY Bielns AuEyor =AY 4%
g Ak Al @AY Atk 4ANAL d9ete FUEgY A oF
o gHEgel A% o F 4 eds 2o ol BAAE Lucas1989)
AN B e AHAEEH B F ABEH(externality) e ABE
HAEY Bast & Aol

|
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Ewnorrly, 19%, PD. 1(X)2“'1037.
, “Endogenous Technological Change,” Journal of Political Economy,
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MEBEA% H6%E H251(2000% 1H)

R Ml et SRS K99 9 AR
fERaell Bt (RN b B BN

% E F

E 0

3o ] £2& v|Fe] NG NEBBAG AABA 3 22X g Ad
209 A%  BAS Wl Kok B ATAMME nFFEN L3 dFFEREA o
g g ad 2 AARAY FaizAtde BEFoge] oW AAGAEF S
o3 Q= dF APH A7 E A} Bolvh A-HE wLES 992 A
T A% 25 1Deletn 7HgsE E F2rt fle Zes ¥tk webA Johansen
FHE7 O wet F7)H FEBAY EAo] A Hu ngck FEH AT A
n5el A" GDPE7Heo] Aatd+E, 223 @3 dig v|5 7T FHFA
7t At E, =] FFLESFF AT 3Tt Adga & F o

1. # &

TRl 2AEH(rule-based) Bt}t A2 ZATHE E=Fsh= GATT/WTO
A A3l -] GATTA kA 2 E(contracting  parties)/WTO3 g5 1960 o)

* gZo)dtn AR W4 e-mail: mahsong@muail hitelnet. 2 Q7E Aol lojA
o= st 8539 go) A Ao Be =88 F o gi&) ¥k A=Yy
o B3 i) =B A Qo] ZA=YPUL
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o Adidates, 1970aH9) E£FEeE, 121 1986~194d9] $FFolg}
Fo9 e o7 zEe] oAzl $43AHmultilateral trade negotiations)&
3 BARJAEE Ty AR BAE Q2 A% FUAIYEE
SEE7] Y A7 7L FAF] vEA FPse 39 Be e
Atk 53] £E79 PVt BT Aol ol BIAFEYNE A
A & e PP A A (anti-dumping duties)t} A B Al (countervailing
duties) =217} GATT ol #&50 &} wdepy EFAFGAAE A4
© GATT/WTO3S] thAzt FHA AN 3&sHe Yy HaFIzx)9
NG oA} FAIBA 22]7F 58] 1970A0T o) 8IS FAME ] gtk

3o FEUdE F M 2 HFE AXE L3 Qe vFe, vy
Al 2 AABA BFHEZ AANNA 7P WWEA AL 2 IR 28 &
o @59 div] £&& g vx9 wAG wdPAAY AABA R
ZA° o8 Ad 04 Azt 2 BEE wol it} ¥y, T FEF Y
A BREES 79 B0 £4F U2 $98 FFLE A8 Fuatde 44H
¥ #f(material injury)7t EABEA AR AE  FHRA(affirmative
decisions)S 75599194 3)(United States International Trade Commission:
US. ITOOA Wele A9 vZe HdPBA/AABHNE 2348 5 A @
o SR FAN GABAY o AL BE ulF £YL& At At
AAoY, WG/ AT R} A o)A mIRAYS|oM 28
g FAE e AAT Takacs(IBD7F oloprlaix RIFAH 9
(protectionist threats)& FEFENA 7teiA Hol v]Ze AF3 £UAYA
E29E @A € 434 o |

SR e At dFE F= 2PLUEL WA 3§
T 293 ATEo] 1980dd x4t ol FaA st} nEGAY3 9 A
& ZAlE P59 S ¥ dPARFEe] 9FE Fdn AAAD 2
g ST L3 9] AduE] AP BT ot YAA/AABA Y Rtz
olojAE AL oyl Ay, dd A} AFHA YAEZY FZo] 7
a3y, 3 o] {39 HERge] A FEIIASNA LT H
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A wlZRAg 98] g2l e AYs 2A} BHo| of® WSl s
o|2olANEAE Hobsle AL BRI UMFE A UM F2F 2
oz nad gehd B AL #FY J1Y FoE ST BT
o £ gselN BR5EAE WY WHBAA B AAVA B3} B
AAHAZALE Ashe Aol oWMF AL Ysdn A, adu 9T
sogdsle) FR54EAEN UF WHUBRA B AADA FHE AT 4
QA BHo| om @ ANZANFEE o) FPREAS BARLA
o,

2 A79 74 gy 2o ANFANE GATT/WIOS ¥Hgis/ 4
24 BY P, 2T vZTAA5e ARy Bd AAE A 2
o AMAL n3e §R4EAESC UF dEY 2 AR 2D B
AzAl AlE) Al 540l el Aeleth ANEE YA TER
gujaled & A7 REL ANt AFEN AHESES F2346, AVl
Ne B @79 Fo U85S B sk

0. HIREHY &5k

Z7te) F42 FAFl QYoM AFFIo] ETART $Usith Yo
Wel RS BASAEe] st ¥ glouk, @A A dRE 27}
o RAAAAAESE oW Yejzd WETY ZASL AFHoE P ok
Avdetesel s Bae g B4 A5 A8 1960 TelH 197080
of WA A% AL wB37] AF HBAFYe] FA| GATTALANZZE
A gobd gt 19799 Bd® E@stese A8 GATTASAAZ S
oal AL 9lQ Hl@AAEE Ssksh] AE oA SAYF=olt
IE 2 4 98 Aolth 1994d B $Folehe st HHARGRG 3,
ARARY RS L SAERARAN T3 2 ART) T Ho, wAIR
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F7t A3k, BANA) T 733, BT A (plurilateral  agreements) S A9
g At FA9 2RH(voluntary)©] otz 97 (mandatory)? &7, 42
ElZ(single undertaking) Yol widt Feolel e EAS B AAS A
9 3 o)lFEE MYtin B 4 31E Aot

olglgt A RITFAQ AHE AT == BT, v IUIEd
s g AAgAe 22 AEGAA delA AFHE REFHEA
B @83 FAE gk, ol 1980l olF Fdo uvE L3|8 o wld
& ol&sx ua B ¢ Utk GATT AVIZS) 3$ GATTAIAZS
/WTOS|AFER dlojg A 2NN FIYUITEY] E3HT ZAE
of st WA AARAY 2L, Iyhd-7|gdER AEFeln
(discriminatory), @3 Jt BEF AFoz & FAHd dFE& {3
9% 4-thremedial measures)S A 5 Y= 348 52 Uk GATT
e AR FE Amxe} tiEol v 23 (non-discrimination) & %@
e £ U AF2AM BE AYAZZ/IUZTES F53H ek 3
F Ul $-(most-favored-nation) Z3°] itk GATT AVIZE HEHF digo) o)
g o2 shtol sFE MY, WP BA/FAGA FHE AT 7]EHA
ZAE, &, 9i9rh/R2 AT EA, AT FuUAdel A e 3
(material injury)®) &), 221 BPE FYFT/RZIFL AFEL FUF
93] i Aol 43¢ g Bolof st AT A(causal relationship)
o] ZA7} glojok Fehe 2AES S YR

OAE FAAA S g eI R v Fe] Ul £YUEe] wlFy At

1) FRE T2 dddx GATT AXXZE(Mo|Z 7t=)d] 7jed ZAE0] FFHE
A TAFL e AR Aal(serious injury)E B8] A EHA HEF
o ZXE AT & Aok oo AP A=A YL Lee and Mah(198)E ¥ 4 3l
t}. Takacs(1981)9} Salvatore(1987)2 Alo]E7t= xX|o] AHAJES APH oz B4
St

2) $FHolZE A7 etdd WI09 WeUHY 2 nzaa AAdACd #d Al
e A=A dygoze datel 7% Palmeter(19%), k] 7% Horlick and Clarke
(19%4), Zampetti(1995), Collins-Williams and Salembier(1996) 5 F1& < itk
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doll dis] TS Y3 A% P/EEE AFo] @ FYUF d& iz
A BAE A F U=E gAY gk GPolut BEF AFd A% ¢
2 FEF MY ol&Fuist AdA FTAVE AAdE Pske Rejgtn
E 5 F gloy =y ik ks TR & SHAE YA BF oA
gat= L 714 A (predatory pricing) L2 & F Q7] @EI3), njZe
Yol HEFAFE st 98 AAruke grs F7 A3ko
level the playing field) 529 ¥& Ajs§s] stk

19740 TS v e B3 nj=o] #A RAYPES A A ot
a Aol A vlFdAe] AFE Bl A7V AR (international price
discrimination), &, FWAPEAMET oTeM o Be JMAcR dujEe 73
ot BFAsicta ek 19749 FYRjol w2w dal ZA7FE Ao
EABHA] Fertal steEte oA e HulztAo| vl gHD) B Fe vy
A 37} 7k 8cHactionable) 2 31831tk ol2|3t Wisle] A2 A mZd
A= 19754 ol RHEZAL H Y A7t A3 S8 HATH.

oAl W] AAL o7 dAE AXA "o dFFEIAE 9
g dgo] AT ke dA T 2L o3 JAxIY Bure AEA
(Department of Commerce)e] AF38MH, ¥4 W9 F 93 (International
Trade Administration: ITA)o] @3¢ ¥4 o8 = FAH/A o|a 7140
st &) g AA(“less than fair value” decision)& etk thg o
AA vl FH43E 283 AEFYez & vF i #-E Al A
23 g7t HARAEA & 23T Ago] HRAEAE 2A8le 6|9
2 HIRAHS WAk 74 QA3 B BE FARHPoz 4y
et A9, HHEaA BaE £ QA "

AR B 1800l olel AdAFACl #HEE zo] vl=e YA
ol A& A=2 At o8 H3lod, 19749 u] F9go] AAHE w7ix

3) wrd @A ate] gl i 7]l AP AL(1993)¢ Fud 5+ Yk
4) "= wrdgy Ay 2 #3E Ak Hoh AN HE A giEtos
Moore(1992), pp. 450~452 2 Cass and Boltuck(1996)& #11.
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2o AABAL AR WA FArh 19743 FHHo ’2}7-1]3’4*1]9}
ARPE 712 2 wElE e BEL Uzrigie] AARAF-THEALS] AL

g & e AT 193 £ dd ddn & 5 Yo old @} I ’2}
ARA 2A 2 B3 AFe FHOR FUkeH HAow, GABAY did
ZAA @io] olwiE HH AREHJTKHCollins-Williams and Salembier
(1996), p. 7). BAEA F3he] BPolx vhedPaA w2ALe] B 99 A
2 AR A4S ARA ok

M. XEe e Vet skl i3t 2= /A HiRsER
ARAES 2R R

1. K 3BAREER Al R

198733 199739 713+F GATTA A A S/ WTOS| 4552 v P xA
= %2194, & d97 o 20079 P ZAPL o]FoA A Yot 2 F v

2 AA AA v g zAL 459 1BHAEE A st 7HF WA EA vy
BAAE ol &de I7IE VEHL Yok P RALY dide] HE I7ME
2E F39 UHAE, 0= 9gHAES olo] o] g wigP2A7L 634
EEZ A3 oA d=e wiEEGRAR A8 71 A S Bo) w1 e
27V % sl 3@ tHMiranda, Torres and Ruiz(1998)).

R 939 2] gfg AP RANE 19763 detEv|s S
E H(monosodium glutamate: MSG)©¢] ¢8| ZAZAA L W ol A7A 3§
29 duleEe ul9- wHs] dP AR digel Hol gt} 19768 FH
1998 A7k 8] 713t Bt 497 9] ou|zALe} 319 HFEA}F o] FolA L,
Z 079 WA PA R ZA AFE F 78%2 5ol FADAF] A
Agda e wEPANRT 2AM] 40%7F ARG AFHAS, 3 71
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% A7lAARo)] o 43%8 AT FUALY ADEe) WA oA
WY 247 THY 2% 9495 19 ¥F o g A5 FYRA
o ¥lg9 Aole UFY A&9ASe] FHWA wgol 2-3% FE o £
dehtn JorH&F9(@000), ool 18 #AF Holdue & 4 e
Aoz mel

2. MR E S 1S

g g sete 22 AARAY] AL nRe A9 4T FABAHY F
FaFolAt. dE o 1979~1988d9] 712F wlEe AAA A B R
o 6%E AAL A= Aol thF-Eo FABAIL vFel] oejMnl o] &g
4 =K Trebilcock and Howse(19%5)). # 109 dztolle mj= ojgje =
FeE BABAE &23 ol83tA HAUh 1989~1993 39 7|7, ujol
HEE HFL A BE It o R AABARER AFE F
B%E A B2 O FJOFH ¥]FS ol Aol M3 wIe the
ofd I7EROE @AEA SABHNE Bo] o]&dm dE AoltHMarvel
and Ray(19%)).

1977~1998d 9} 717t5 vl FH9U3sle 54579 YABNRRZALE 8
AT 1982d Il g A AAGAMEGEAE galA off 1998
77 2778 BABAF-FZAPY 59 FE0 diste PHHoH, ol u
= AABVAFTAZALY o 5%t A=5Ed Qi Aolgdm & + Y o=
HebA(10% ol AX ), T2, ojgeel, sy}, 5, AHQ, 4= o
&9 HFE AAsE AolojA] o] njFe] FQ AAB/ARER i
stiete A& € 5 At F 71T vEY] d@=e] g AARAY Rae
% 70%7F A7l FFHL AT FEAY3E] ALEQ Bl oiA =
FG 4253 FTF 25 AYE U FF FE0 U FABA FHzAA
AT FHBAFY HEE TG 2L5HYEC) BY%, UFF a5HHUE]

TBREA FAu g zol7k YA E Wrhi BATHUS. ITC(1976~1993)).
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V. T} HESH KR
1. SE(THI%E

GATT/WTOW ) AR5} Qe Wag/A4ASa 28 Wee Ay 33
Aujal7] WEe) GATT/WTOS AFANAZ/U2Se AAHoR NYs
A e T FHSS AN Ko NFRALs Y AduHAYIEE
gA] B fuilEsehe Zu Yt AoE no weEhy vt AT
Mot BhE 7o) olM uFTRAAs ] BAe S Bo] Yol A
AY A HHAE Aoz JAYD Yrh vITUs) AT Buo:
JA)H 249 293 ANFANFES B TS FUn JAAY. @
B, 9959 g8 AJuaRAE 1 AHNTHE $2TSA BHET9
dgoz wolsdz).

E dpeAE nZRggdsle] AT s RET A 9ol oj| A
NAARSS] o8] FPVEAS AW Box fo) e $A nIe u)
9 2 quAA QAo A AFA wo] uIFA <tele] Bo] e
Aoz A7ty % 9ok waby £S5 G ge ggoind e yehls wse
AYEolY GNPE7He# 22 U AAGAL Yehls W4E0] n2ydy
ddsle] 2AEY dge Faletn 3 4 e Aolth Takacs(1981),
Finger, Hall and Nelson(1982), Feigenbaum, Ortiz and Willett(1985),
Salvatore(1987), Moore(1992), Baldwin and "Steagall(1994), Hansen and
Prusa(1996), Leidy(1997)% Mah(2000a)= ol&igt 2u 2 9] AAldae v
s M5S0 nTRY s AAS) AR nxE QYL A 9
so] FARAL A3k W, Mah(000h)E w29 Wy Az
£3 ANAARSE 9] AS FHE Yo BAAQT

o]2g AYATE F NFFAYNA3) Y NET AN BAVY PFYYS
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Hx2 ARHor BEAMF Takacs(1Be FAH225H(OLS)E ol &3ty
AolZAS 2% BFsh Aol N VA wge] BRAAEL
w8z} sttt Takacs(1BD)E A GNP &0l £44% Aoxrles
A gEdvde AL B2yt E2¥, BEF9 oid d#H(pressure for
protectionism)¥ 23Tz I A EF7F FHHA0L 245, 2 F
AT (the degree of import penetration), &, Y2 Al g H]&o]
g 5455 o AVgE AL BYvh Feigenbaum, Ortiz and Willett(1985)=
Takacs(1981)] #4]o] HFHAd il WzFstA ¥HE3t™(sensitive to the
specifications), 71948 R A8 EA4 vld] AAH AAAAS) FLAZLE A
YA A Azcke Ae AR Salvatore(1987)= FUF B dd o
o] AYVANAAE A8t B4 A GNPyro] BAH 22 {ovst
e o sdas A b 2R3 E ez, ofd deAAdgaS
YehllE BT ER oY 238 BolA Aythe AL nid.

Finger, Hall and Nelson(1982)& w3 u JAI#A S FARAH & djg
A4 2 AAN beEe 9B Wil At 25 AFEAFY 1R,
A4 3F E(industry concentration)®} W=e] FAAYZES] Ok 2, =FA
59 HEYFFES 2L WFEe] Wi AR vgd ¥ T
A& BT Moore(1992) XAl QUojA vlZFAU3] AUEY F
® s sk ok vZe B gl Al WARY_AES
obgdl 19 o] FAS] YA P& 23Eo) el HzsAL

Baldwin and Steagall(1994)& probit2 88 1980~1990d 2] 717tel) i3}
A g3le] v]FREAA3 Y vy o A TAe] B3 AT FAHRA
o] H] &S BAYT 288 EA Y F=(import penetration ratio)e} 7}¢
2 HZ9 7t g9 Wl e WaEo] vrEguAe} AATANY i w )
ZA] AR &S BAse el fovlsithe F& 2 ¢th Hansen and
Prusa(1996)= 19849 Tl =€ Tz o] n=59 vgy 43 ds)
ZA) QoA Feul e AYERld ddtd 243Hnt 252 FUEY
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> -12610] 0287 | 2187 | -0.042 -0345 | 0082 | 0505
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The Long-run Burden of Health Care
Costs on Public Finance:
An Alternative Forecasting Approach
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I. Introduction

In virtually all aging societies, the rapid increase in national health

* Korea Institute of Public Finance

** The support of NIH grant AGI10120-05 is gratefully acknowledged. Robert Fogel,
Dora Costa, Chulhee Lee, and Sven Wilson, as well as two anonymous referees,
provided helpful comments and suggestions. All remaining errors are mine.


FileName
D:\ÀçÁ¤¿¬±¸\V6-2\N2\00000129.tif
D:\ÀçÁ¤¿¬±¸\V6-2\N2_\00000129.pdf


130 MBURTE

expenditures has focused new attention on the health of the elderly
population (age 65 and over). In the U.S., as the baby boom generation
enters old age, the elderly are projected to increase from 13 percent of the
population in 1995 to more than 20 percent in 20301). This has raised
concerns about the viability of Social Security funding. It has also raised the
alarming prospect that health care costs, which stood at 135 percent of
gross domestic product in 19972, may increase at an even more rapid rate in
the future. For countries that already face the problems of population aging,
as well as those that are beginning in the aging process, such increasing
health care costs have become a serious burden for public finance.

Even with a rapidly growing elderly population, however, it is still
possible that the growth of health care expenditures may occur at a slower
pace than that of the elderly population if health among the elderly should
improve enough to lower average health care costs substantially. Therefore
in order to formulate health care and Social Security policies that can deal
successfully with the anticipated crisis of the health care burden, we
require not only accurate long term forecasts of the size of the elderly
population, but also reliable projections of their health status. Early
inquiries into the effect of health status were concemed rather about the
opposite case where worsening health would exacerbate the health care
burden. This concern was motivated by the view that a large part of the
decline in mortality at old age was owéd to new, expensive medical
interventions that kept alive a large group of marginal survivors
(Gruenberg 1977, Verbrugge 1984, Poterba and Summers 1987). More
recently the view that the elderly not only live longer but are also healthier
has been gaining ground, thanks largely to an influential series of articles

1) US. Bureau of the Census (1996).
2) US. Health Care Financing Administration (2000).
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by Manton and his colleagues based on the National Long Term Care
Surveys (Manton, Corder, and Stallard 1993 and 1997, Manton, Stallard, and
Corder 1995). However, there does not appear to be a consensus yet on
how far this improvement in health will continue into the future, nor is it
clear how much health care costs will be affected when changes in health
status are taken into consideration3).

Among attempts to answer this need for long term forecasting, a
common method is to take the time series of, say, mortality rates and
extrapolate recent trends into the future. This extrapolation methad is often
used by government agencies, including the Bureau of the Census (1996)
and the Social Security Administration (SSA 1997), but appears to be used
mainly for mortality forecasts rather than health forecasts such as disease
or disability prevalence rates. As another limitation of this approach,
Preston (1993) points out that the mortality forecasts of both the Census
Bureau and the SSA in the postwar period have been less than
satisfactory, especially in that they underpredicted the mortality gains in
the 1960s and 1970s. _

A different approach that seeks to put forecasting on a more scientific
basis can be characterized as risk factor modeling. This can essentially be
thought of as a two-stage method where projections of the future course of
risk factors are first derived, whether with simple assumptions or complex
stochastic methods. The projected risk factor profiles are then used to
calculate morbidity or mortality levels from some known or assumed
relationship between risk factors and risk outcomes. Such forecasts depend
crucially on the quality of the risk factor projections; other things being

3) Manton (1987) and Manton, Singer, and Suzman (1993) provide good surveys of
health forecasting. See also Jacobzone (1999) for an international study on disability
trends among the elderly.
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equal, better predictions result when uncertainty is reduced in the forecasts
of risk factors. In the extreme case, this uncertainty can be almost eliminated
altogether if one has risk factors with a very long lead time before the
associated risk outcome is realized. In such cases risk factor values that have
already been observed, rather than a projected series of figures, can be used
to predict health or mortality outcomes well into the future.

This paper presents a simple procedure using anthropometric measures,
namely, body height and body weight, that addresses some of the
shortcomings of existing forecasting methods. Some implications of the
health forecast for health care financing are also considered. Despite their
simplicity, height and weight offer strong advantages for long term
forecasting. Body height and weight are variables that can be relatively
easily collected or reasonably reconstructed. This means that at least in
principle their performance as predictors of health can be examined against
the actual record, both historically and across populations. A forecast that
goes several decades into the future is more credible when the  same
method can be shown to work reliably over a comparably long period of
time in the past. Another advantage is that height is fixed by early
adulthood. Therefore in height we have a predictor variable, or a risk
factor, of elderly health with a very lbng lead time. Predictions of elderly
health up to almost half a decade into the future can be based not upon
projected height, but upon height values that are already realized and
observable in current cohorts at younger ages.

The forecasting method described in this paper should be considered
illustrative, or, at best, complementary to existing approaches. Much
remains to be clarified in the relationship between anthropometric measures
and health outcomes. However, enough material has accumulated in the
biomedical literature to allow a preliminary exploration of the possibilities
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for forecasting. Moreover, height as a prediétor variable offers a significant
advantage in that forecasts well into the future can be based on values
that are already observed for a cohort.

. Height, Weight, and Morbidity

Among anthropometric measures known to be effective predictors of
health and mortality risks, body height and body weight are the most
widely known and extensively investigated. Although anthropometric
measures had been studied and used for some time as predictors of the
risks of morbidity and mortality for young children, Waaler's (1984)
large-scale study of Norwegian adults was among the first to show that
height and weight could be used to predict morbidity and mortality risks
for adults as well.

When Waaler analyzed age- and sex—speciﬁg risks of dying by height
classes among 1.8 million Norwegian adults between 1963 and 1979, he
found that there was a stable relationship between adult height and
mortality risk that could be characterized as a J-shape curve. Within each
age-sex group, mortality risk was highest among the shortest group of
people and declined at a decreasing rate as height increased. Mortality risk
reached its lowest level in the 180-190 c¢m range and appeared to start
increasing again thereafter. A number of other studies have found similar
associations between adult height and morbidity. In two waves of studies
of British civil servants over 20 years, Marmot and his colleagues (1984,
191) found that height remained a. significant predictor of health . and
mortality even after controlling for smoking, diet, and socioeconomic
circumstances, which led them to conclude that height probably represented
the influence of early-life conditions. A Swedish study (Peck and Vagero
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1990) also found that short height among a nationally representative sample
in 1980 was significant as a predictor of self-reported illnesses and
six-year mortality. Again, controlling for present and childhood
socioeconomic status did not completely eliminate the effect of height.

Such evidence should of course not be taken to mean that short height

per se causes higher morbidity or mortality in late adulthood?. Rather, a
more plausible interpretation is that they are the joint outcomes, or
covariates, of environmental influences in early life. Height is commonly
thought to represent the cumulative nutritional experience of an individual
during his or her growing years, which includes both the dietary. and
infectious disease history. In particular, the nutritional experience in the
first three years of life is thought to be a key determinant of final adult
height (Martorell and Habicht 1986, Ruel et al. 1995). Increasingly, early life
conditions, including nutrition, are also being thought as containing the
seeds of chronic illnesses in later life and the resulting fatalities. A review
by Elo and Preston (1992) notes that the origins of some old-age liver and
heart conditions lie in childhood episodes of infectious diseases. They also
note that height appears to have predictivé power for adult mortality,
especially for cardiovascular diseases. Recent work by Barker and his
colleagues (Barker 1993, 1994) suggest that the link between body size and
old-age diseases may extend as far back in an individual’s early nutritional
history as to the intrauterine environment before birth. ’

In contrast to height, body weight is an indicator of current nutritional
status. Because body weight is positively correlated to height, a measure of
weight—for-height is often used instead of raw body weight. The most
popular among these is the body mass index (BMI), which is' weight in

4) Not all chronic diseases or causes of death show an inverse relationship with height.
A number of studies indicate that cancer is associated with taller heights (Micozzi
1987, Tretli 1989, Albanes and Taylor 1990). .
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kilograms divided by the square of height in meters. A number of studies
have shown that adult BMI is related to all-cause mortality in middle and
old age (Andres 1980; Hoffmans, Krombout, and de Lazenne Coulander
1989; Waaler 1984), and the relationship is typically given as a U-shaped
or J-shaped curve (Kushner 1993). Waaler's study of Norwegians showed
that at middle age and beyond the optimal range of BMI that minimized
mortality risk remained stable between about 21 and 27 BMI, even into
very old age, with mortality risk nsing for both low and high BMis
outside this range.

Among the various studies relating body build to health and mortality,
Waaler's (1984) work is especially important for my approach to health
forecasting. Waaler found that the height-mortality and weight-mortality
curves among Norwegians, once standardized for different mortality levels,
were very similar to each other across age groups. This suggests that
there are strong regularities in those curves that can be used for
forecasting, i.e., if the height-mortality or weight-mortality relationships are
relatively stable over age and time, then it is reasonable to use those
relationships to attempt projections of health or mortality based on changes
in a population’s height or weight distributions. Another useful suggestion
by Waaler was the idea that height and weight be used simultaneously to
map out a height-weight-mortality surface, instead . of using height and
weight separately as predictors of mortality.

. Data and Methods

The strategy I follow in order to forecast elderly health is to first
estimate a height-weight-morbidity surface from recent US. data. The
estimated surface can be considered a cross sectional relationship that
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shows how morbidity responds to height and weight at a point in time.
However, the relationship between variables generally differs when théy are
observed over time, i.e., longitudinally; from their cross sectional behavior.
Therefore, in order to use the cross sectional morbidity surface to predict
health changes over time, predictions generated from the surface will be
compared against the time series of actual changes in eldeﬂy health over a
decade to determine how to compensate for the cross sectional bias.

The height-weight-morbidity surface used for health forecasting in this
paper was estimated from the 1985-1988 National Health Interview Surveys
(NHIS)®. The surface is based on a subsample restricted to white men
aged 45 to 64. This age restriction leaves a sample that is large enough
and was also shown in Waaler's study to have height-mortality and
weight-mortality curves that did not vary much with age. The pooling of
NHIS data from four years was required by sample size considerations
again, since tracking the response of health to height and weight
simultaneously requires a larger sample than examining how health varies
by height or weight alone.

- The dependent variable in the equation for the morbidity surface is the
odds of being in ill health, which is defined as reporting general health
status as "fair” or "poor” out of a five-category response in the NHIS6).
Instead of the actual probability, however, the relative risk level is used,
which is simply the risk level for a height-weight pair divided by the
mean risk level over all heights and weights. This normalization makes it

5) Data were available for 1982 to 1992, but the risk surface was estimated from data
. restricted to 1985 to 1988, in order to test the predictions of the risk surface against
data from the other years.

6) Survey respondents were asked to rate their health as poor, fair, good, very good, or
excellent. Grouping the former two and latter three responses together is a practice
often used by researchers to simulate dichotomous responses.
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easier to interpret morbility predictions relative to the baseline level among
the reference sample.

Since there are no clear priors that would guide us in the choice of a
functional form, the surface is estimated by regressing relative risk on a
polynomial in height and weight. Successively higher order polynomials
were tried. Beyond the fifth degree, there was not much difference between
the estimated surfaces in terms of the predicted risk levels; in the end, an
eighth degree polynomial in height and weight was used, including all the

lower order cross products.

[ Figure 1]
Contour Map of Morbidity Surface for Men Aged 45-64, NHIS 1985-1988
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Figure 1 shows the estimated morbidity surface, represented as a contour
map. Each of the contour curves, shown as concentric U-shaped curves
that are slanted to the right, is the locus of height-weight pairs with the
same relative risk level. The contour map in the diagram shows a
morbidity response surface that is shaped like a valley that declines to the
northeast. Morbidity risk is higher for shorter men, and at each height
level, risk is higher for both the over- and underweight. The thick line in
the middle gives the weight level that minimizes the odds of being in ill
health for any given height.

[ Figure 2]
Trends in Health of Men Aged 65 and Above, NHIS 1982-1992
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In order to see whether it will be possible to determine and compensate
for the cross sectional bias in using this morbidity surface for longitudinal
purposes such as forecasting, the health predictions generated from the
surface are compared in Figure 2 against the time series of actual health
indicators between 1982 and 1992. The curve at the top shows the odds of
being in ill health for elderly men (age 65 or over) in the NHIS for each
year, predicted by the 1985-1988 morbidity surface. For each year between
1982 and 1992, the risk level for each man aged 65 and over in the NHIS
samples was calculated from his height and weight according to the formula
for the morbidity surface. The top curve in Figure 2 shows the mean of
such individual predicted risks for each year. The non-linear nature of the
morbidity surface requires such computational costs, since the nisk at the
mean height and weight will be different from the mean risk level over a
height-weight distribution. In mathematical notation, if relative risk on' the
morbidity surface is given as a function of height and weight, R(H, W), the
mean predicted risk level for each year in Figure 2 is calculated as

__ SRE.W,)
T N, 1)

where (H ;, W) denote the height and weight of the ith man aged 65

and over in the NHIS sample for year 7, and N, simply denotes the
number of men aged 65 and above‘ for that year?.

7) 1 also tried breaking down the sample into 5-year age groups and compared actual
health status with predicted health based on height and weight, using the same
procedure for each age group. There was no substantial difference from the result
reported in the text for the single over-656 sample. For the forecast in the next
section, however, it does matter that health forecasts be obtained separately by age
group, since health improvement slows down or reverses at different points in time
for different age groups.
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These predictions are compared against two different measures of general
health. The middle curve in Figure 2 shows the actual proportion of elderly
men in the data whose reported health was fair or poor. An alternative
measure of general health is given by the bottom curve, which shows the
proportion of men with any kind of activity limitation.

The trend predicted from height and weight by the cross sectional
morbidity surface is quite similar to the actual trends in health. All three
curves show an improvement in health over a decade, and there is an
overall co-movement between the predicted and actual measures of ‘health.
In particular, the yearly changes in predicted health and activity' limitations
are always in the same direction. Comparing the average risk level for the
first and last three years, the predicted proportion of men in ill health
declines by 5.0% from 1.151 to 1.093, the actual proportion of ill health falls
by 17.4% from 0.345 to 0.285, and the proportion of men with activity
limitations drops by 6.3% from 0.396 to 0.371. Thus during the period from
the early 1980s to the early 1990s, the morbidity surface predicts about 30
percent of the improvement in general health among elderly men, and about
&) percent of the decline in the proportion with activity limitations of any
kind.

Some exploration showed that the relationship between the predicted and
actual health levels, shown in the top and middle curves in Figure 2, is
captured very well by a linear equation in their natural logs: '

InIH, = -1.523223+2.897215InR, . : (2)

where IH, denotes the actual proportion of the population .in ill health®).

8) The eleven data points in Figure 2 were used to obtain this OLS result. The intercept
and coefficient are both significant at the 0.0001 percent level. The R-squared is
08532. Using the log of the proportion with activity limitations as the dependent
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Equivalently, the relationship can be expressed in terms of elasticity:

dmIH. R. dIH
= S 22897215
dinR. IH, dR. (3)

Thus far we have a cross—sectional morbidity surface which can predict
health status from height and weight, and have just obtained a formula with
which to correct the underprediction of that surface. It remains to obtain a
forecast of height and weight in order to derive forecasts of health.

[ Figure 3]
Mean Heights of White, Native—bomn Males by Birth Cohort, 1710-1970
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Source: Costa and Steckel 1997

For forecasting height, I use the information in Figure 3, which gives the

variable, rather than the log of the proportion in ill health, yields a coefficdent of
1.155946, with an R-squared of 07458,

Despite the good fit of the regressed equation, the small sample size warrants some
caution, especially as we are attermnpting an extrapolation several decades into the
future from a relationship based on eleven years of empirical observation. This
problem comes from a lack of longitudinal data with a sufficiently long observation
period, a limitation commonly shared by empirical studies that deal with long-term
changes in health,
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mean heights of white, native~born males at maturity by birth cohort from
1710 1o 1970, compiled by Costa and Steckel (1997). The height values in the
figure cannot be used directly as height forecasts. For instance, the adult
height of the 1913-1917 birth cohort is given as 1729 cm, but the mean
height of the same cohort from the 1982 NHIS (the 65-69 age group) is 175.1
cm. However, the height differentials between different birth cohorts in
Figure 3 do match the height differentials between the corresponding cohorts
in the 1982-1992 NHIS. Between the 1913-1917 and 1923-1927 birth cohorts,
height increased by 1.5 cm (from 1729 cm to 1744 cm). The same cohorts
are the 66-69 age groups in 1982 and 1992, whose mean heights were taller
in the NHIS data, but still increased by the same amount. Similarly, height
differentials between different birth cohorts in Figure 3 matched the changes
in height between 1982 and 1992 for other age groups as well. _Therefore
using the height distributions as obtained from the 1990 NHIS asA the
baseline, and calculating the projected changes from the beight information in
Figure 3, the height of the elderly population can be projected several
decades into the future with reasonable accuracy from height values that are
already observed.

Unlike height, weight at old age cannot be predicted reliably from weight
at young adult ages. Unfortunately, historical records of weight are more
scarce than those for heights, and even more so for the elderly. In the
absence of a historical trend in old-age BMI that is usable for forecasting, I
instead use the mean heights and BMIs. from the 1982-1992 NHIS data to see
how to predict future BMI. | o

Although BMI is uncorrelated or only very Weékly correlated with height in
cross section, between—population studies or longitudinal studieé usually show
a positive association between mean heights and BMI. Examination of the NHIS
data between 1982 and 1992 showed that, for-the U.S. elderly, ‘changes in mean
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height®) and BMI over time follow a linear relationship. A simple linear
regression of mean BMI on mean heightg) yielded a very tight fit with an
R-squared of 0.9375, with BMI increasing by 0.678 units for every 1 cm increase
in height. Since this linear relationship was obtained from data covering only
a decade, it is reasonable to question whether it can be used to predict how
BMI will change over a much longer period of time, as in the forecast that is
attempted in this paper. Using a sample of Union Army veterans!? aged 65 and
above in 1910 as a test, the mean height of 172 c¢m in the sample predicts a
mean BMI of 23.06, which is reasonably close to the sample mean of 22.8 BML
Thus the linear relationship between mean height and mean BMI among U.S.
elderly males appears to have held over a period of about eighty yearsll.

9) The data points used in the regression were the mean height and BMI by year for
men aged 656 and above from the 1982 to 1992 NHIS. The estimated relationship is
BMI = -9B5619 + 0677956(height in cm). The intercept and coefficient on height
are significant at the 0.01 percent level.

10) The sample size was 455 men. See Fogel, Costa, and Kim (1994) for additional
details on the Union Army veterans sample.

11) The assumption of a linear relationship between height and BMI raises a conceptual
question about the usefulness of BMI as a predictor independently of height. But,
including BMI as a separate predictor serves several purposes. First, this study is
one of the first to report the existence of a systematic, let alone linear, empirical
relationship between mean height and BMI for a population observed over a span of
time. Second, as the risk surface shows, because health risk responds differently to
BMI at different heights, using height alone as a predictor of health would make it
much more difficult to specify a response function of health to the predictor variable.
Including BMI as a predictor allows a clearer exposition. Moreover, because the risk
surface is non-linear, the mean risk level is different from the risk at the mean
height and BMI. Projecting the mean risk therefore requires that the nsk level be
derived separately from the risk surface for each height-BMI pair in the simulated
population, an exercise that would be difficult unless BMI was explicitly included as
a predictor vaniable. Finally, an analytical framewark that includes BMI in addition to
height allows us to consider how health would respond to height-BMI changes that
do not follow the historically observed linear relationship, as I do in the ideal case
exammined in Table 4 below.


FileName
D:\ÀçÁ¤¿¬±¸\V6-2\N2\00000143.tif
D:\ÀçÁ¤¿¬±¸\V6-2\N2_\00000143.pdf


144 BABBSRE

<Table 1> Projected Changes in Heighticm) and BMI by Age Group; 1990-2065

oW e | e | | S8t | s
Year
1990 0.0 cm 00 cm 00 cm 00 cm 0.0 cm
0 0 0 0 0
2000 197cm {1 Z204cm 1.18cm 1.27cm 1.8%cm
‘ 0.34 138 0.80 0.86 128
2010 0.83cm 0.93cm 197cm 2.04cm 1.18cm
0.56 063 1.34 138 0.20
2020 0.72cm 1.03cm 0.83cm 093cm 1.97cm
049 0.70 056 063 . 134
2030 0.04cm 0.24cm 0.72cm 1.03cm 0.83cm
003 0.16 049 0.9 056
2035 0.12cm -0.14cm 0.10cm 0.14cm 0.42cm
008 -0.09m 0.07 0.09 0.28
2040 - 0.18cm -0.06cm 0.10cm 0.30cm
- 0.12 -0.04 007 0.30
2050 - - - 004cm 0.04cm
- - - 0.03 0.03
2055 - - - 0.12cm
- - - 0.08

Note:Each entry shows the prbjected increase between the current and previous
forecasting period

IV. Forecasts of Elderly Health

Table 1 summarizes the projected height and BMI changes per decade,
from 1990 to 2055, for ﬁve—yeaf age groups. As mentioned in the preceding
section, the height differentials are calculated from Figure 3. When
currmlatively applied to the baseline height distribution obtained from the
1989-1991 NHIS data, these differentials translate into the height forecasts
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in Table 2. For BMI changes, I assumed that there is a 0.677955 BMI
increase for every 1 cm increase in height, as estimated above. The
baseline 1990 BMI distribution was also tabulated from the 1989-1991
NHIS. The height forecast predicts that an initially rapid increase in height
will slow down as the birth cohorts of 1945-1970, whose growth was much
slower, enter old age.

<Table 2> Projected Mean Heightlcm) and BM! by Age Group, 19902055

Age o 69 70-74 75-79 80-84 &5+ 65+
Plo6343) | 4o | 331 | a8 | 1020 | Q7563)
Year
1990 | 17649%cm| 1758%cm| 17480cm| 17420cm| 1729cml| 17553cm
%.14 %61 %.06 21.24 3837 2%.43
200 | 17846cm| 17786cm| 175%cm| 17547cm| 17480cm| 177.30cm
27.48 27.00 %586 25,10 2465 %.63
2010 | 17929cm| 17879cm| 1779%cm| 1775lcm| 17598cm| 1785%m
2804 27763 2720 %6.48 %.45 27745
2000 | 1800lem| 1798%cm| 17878m| 17844cm| 1779%cm| 17944cm
B53 B33 2176 2711 %.78 2808
2030 180.05cm | 180.05cm | 17950cm | 17947cm| 17888cm| 179.81cm
85 %849 825 2781 2839 2%.33
2035 | 180.17cm| 17992m| 17960cm| 1796lcm| 179.20cm| 179.88cm
2864 2839 2832 27791 763 | 837
0O | - 180.00cm | 17954cm| 1797lem| 17950cm| -
- B52 B2 2779 783 -
20650 - - - 1799%cm | 179%4cm| -
- - - 28,00 27.86 -
N5 | - - - - 17966cm | -
- - - - 2794 -
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<Table 3> Forecast of Elderly Health for Men, 1990-2035

Forecast Proportions

Age| 66-69 | 70-74 | 7579 | 80-84 | 85+ 65+ (Age 65 and over) with:

Grp

Mean Relative Risk Predicted by Morbidity m )
Y
ear _ Surface” Health | At 1™

1990 | 1029 | 1064 | 1.141 | 1210 | 1409 | 1.098 | 0.284 0.371
2000 | 0977 | 0974 | 1063 | 1080 | 1.155 | 1011 | 0215 0.336
2010 | 0976 | 0965 | 0987 | 0972 | 1088 | 0979 | 0.192 0.323
2020 | 0983 | 0971 | 0981 | 0954 | 0977 | 0976 | 0.191 0.322
2030 | 09834 | 0974 | 0984 | 0962 | 0967 | 0977 } 01N 0.323
203 | 098 | 0975 | 09% | 0953 | 0966 | 0977 | 0193 0.323

a) The risk levels are measured relative to the odds of being in ill health among all
men aged 45-64 in the 1985-1988 NHIS. '

The height and weight projections of Table 2 were used to derive the
predicted odds of being in ill health for each age group, shown in Table 3.
Each of the mean predicted risk levels in Table 3 are based on a
height—weight distribution that was assumed to be identical to that of men
of the same age group in the 1989-1991 NHIS sample, except that the
distribution was shifted by the height and BMI differentials in Table 1 to
obtain the same means as those shown in Table 212). For each projected
height-weight distribution, the mean predicted risk level is calculated by
the same procedure as before, using equation 1. Individual observations
from the shifted height-weight distribution are first plugged into the
formula for the cross sectional morbidity surface to obtain a set of

12) The NHIS data show that changes in the height and BMI distribution over time is
mostly in the first moment. The standard deviation of height and BMI appears to be
relatively stable at around 75 cm and 4 BMI, respectively. Moreover, minor
variations in the variance of height and BMI distributions do not affect the health
forecasts substantively.
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individual predicted risk levels, of which the average is then derived. The
overall forecast for all men 65 and older is derived in the same manner; in
particular, the same age structure as in 1989-1991 is assumed to hold
throughout the forecast period. Since these figures are derived from the
cross sectional morbidity surface, which was seen earlier to underpredict
longitudinal changes, the final forecast of ill health and activity limitations
was produced by applying a discrete version of the elasticity formula
(equation 3) to correct for the cross sectional bias. It was assumed that the
elasticities of longitudinal changes in ill health and activity limitations with
respect to the cross sectional predictions would remain constant at 2.89 and
1.156, respectively, as estimated earlier.

According to these projections, between 1990 and 2035, the proportion of
elderly men in-ill health is projected to fall by about 30 percent, and the
proportion with activity limitations of any kind will decrease by 13 percent.
The forecasts also show that the health improvement will not continue
indefinitely, but will slow down and may even reserve eventually. The
onset of this reversal comes later the older the age group, the 65-69 age
group is healthiest around 2010, while the health of the 8-and-above age
group continues to improve until the mid 2030s. Overall, the health of the
elderly (all men 65 years of age and above) will improve until around 2020.
The explanation for this reversal in predicted health trends can be found
when the height-weight forecasts in Table 2 are compared against the
optimum-weight curve in Figure 1. It can be seen that the projected
increase in BMI starts having a negative impact on health as it overshoots
the risk-minimizing weight, and this negative effect soon dominates the
positive effects from the projected growth in height. According to Table 2,
by 2035 all age groups will have reached a mean height and BMI of
around 180 cm and 28 BMI. Yet Figure 1 shows that the risk-minimizing
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level of weight for that height level is actually less than 25 BML

It is natural to question whether the current trend of increasing BMI will
continue past the point where the weight gain will be detrimental to health.
Unlike height, weight can be controlled through various means, including
changes in diet, lifestyle, or exercise, in ways that reduce the risks to
health. On the other hand, the increase in weight has taken place despite
frequent warnings of the hazards of obesity from the medical and
health—care fields, and the analysis in the preceding section showed that
weight increases have been tightly coupled to growth in height since at
least the early years of this century. The health forecast in Table 3
fllustrates the potential health-care burden of obesity if current trends
continue into the next century. For the 65-69 age group, by 2035 the
overweight problem may become serious enough to wipe out 30 percent of
the initial gains in health during the first ten to fifteen years after 1990.

V. Implications for Health-Care Costs

According to the Census Bureau’s middle series projectionid), the elderly
population will increase to 7359 thousand by 2035, which is 237 percent of
the 1990 level of 31,078 thousand.’ This increase is large enough that even
with the more optimistic forecast that health will improve by 30 percent,
the total number of old people in ill health ‘will still increase to 166 percent
of the 1990 level. It appears that the health care burden attributable to the
elderly population will continue to rise, as the health improvement will be
substantive but still not large enough to offset the increase in the number

13) US. Bureau of the Census 1996.
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of elderly people.

How does this affect health care financing? According to the intermediate
projection in recent reports by the OASDI Board of Trustees (SSA 1995)
and the Hospital Insurance Board of Trustees (HCFA 19%), the Medicare
Part A expenditure (Hospital Insurance; HI) will increase to $2,333 billion
by 203514). However, their reports do not appear to have allowed explicitly
for changes in the health of the elderly population. As a rough
approximation, if the demand for hospital services per person aged 65 and
over is assumed to decrease in proportion to the forecast improvement in
health status, a 30 percent improvement over 45 years means that the
Hospital Insurance fund expenditure will increase to $1,699 billion, or 2.8
percent of GDP, by 203515). Despite the savings of $634 billion compared to

14) More recent projections are available from SSA and HCFA. However, the newer
projections of HI costs reflect recent changes in the HI program mandated by the
Balanced Budget Act of 1997 and the Medicare, Medicaid, and SCHIP Balanced
Budget Refinement Act of 1999. Incorporating such changes in HI expenditure that
arise from institutional or legal reasons would only be a confounding issue in the
discussion, since the paper is primarily focused on the impact of changes in elderly
health status on future health expenses. Moreover, recent SSA and HI trustees
repdnsincﬁcatematﬂlecostxeducﬁonﬁnmchangainthefﬂmogmmarenot
likely to have lasting effects beyond several years. In the longer run, the underlying
basic forces—such as the demographics and health status of the elderly—that have
historically driven the trend of increasing health care costs will be the main
determinants of total health care expenditures.

15) 72.8 percent of the $2,333 billion forecast in the intermediate projection in
the 1995 OASDI Board of Trustees Annual Report and the 1995 HI Board
of Trustees Annual Report. The Reports use 1995 as the projection base
year-—-t a rate of 30 percent over 45 years, I assume health
improves by 27.2 percent during the 40 year projection period
from 1995 to 2035.

Besides the increase in the size of the aged population (roughly equivalent to the
number of HI enrollees), key assumptions used in the intermediate projection are: a)
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the original projection, the HI fund will still be out of actuarial balance
since HI income from tax revenue is expected to increase only to $956
billion (1.56 percent of GDP) by 2035!6). In the absence of any additional
funding, health would have to improve at over double the rate forecast in
this paper to bring Medicare outlays into balance with the projected tax
revenue in 2035. Alternatively, an increase of the Medicare tax rate from
the current 2.9 percent (combined employer and employee contributions) to
5.2 percent of the taxable payroll would be requiréd to meet the projected
expenditure level.

An intriguing possibility arises when, in addition to the direct effect on
the quantity demanded of health services, health improvement is also
allowed to have an effect on the price of health services. The OASDI and
HI projection assumes that the annual inflation rate for the price of health
services will be 1.1 percent above the general inflation rate. However, if
the demand for health services is assumed to increase at a slower rate, it
is also reasonable to assume the smaller demand will create a negative

influence on the price for health services. Whether such an influence will in

a hospital input price index that assumes the cost per unit of hospital service
eventually increases at a yearly rate that is about 1.1 percentage points higher than
the inflation rate; b) an inflation rate of 4 percent per year; and c) allowances for
changes in the rate of hospital admissions per enrollee, resulting from increasing
mean age among the elderly. My assurmption that health improves by 27.2 percent
over 40 years means that the yearly change in the rate of hospital admissions is
0.7 percentage points lower than the mumbers used for the HI Board of Trustees
Report's projection.

16) Also from the intermediate projection. The FICA/Medicare tax rate is assumed to
remain at the current 2.9 percent. The taxable payroll is calculated by applying
projections of age-sex specific labor force participation rates and unemployment rates
to the projected age-sex composition of the working-age population, which increases
from 160 million in 199 to 194 million in 2085. Wages are assumed to increase
yearly at a rate that is 1.0 percentage point higher than the 4 percent inflation rate
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fact exist and how large it will be requires detailed analysis of the demand
for health service that is beyond the scope of this paper. However, as an
upper bound, the effect of health improvement on the price of health
services can be posited to be large enough that the price of health services
will not rise at a faster rate than the general rate of inflation. In that case,
the projected HI expenditure in 2035 drops further to $1,09717, which is
quite close to the projected HI income level of $956, although not enough
to erase the deficit completely.

VI. Conclusion

The main finding of this paper is that body build can be used to
forecast elderly health. Although the relationship between body build and
health observed in cross section underestimates changes in health over
time, it does so in a consistent manner that allows for correction of the
cross sectional bias. Based on currently observed heights of the cohorts
that will enter old age in the next few decades, the health of the
population aged 65 and above is projected to improve by about 30 percent
between 1990 and 2035. Thus, taken together with other health forecasting
approaches, further refinement in usihg anthropometric measures for health
forecasting can help to improve forecasts of the burden of health care costs
on both public finance and the economy as a whole.

This rate of health improvement, equivalent to a rate of 7.4 percent

17) An annual increase of 1.1 percent over 40 years (1995 to 2035) amounts to a 155
percent total increase. Therefore in the absence of this excess inflation for health
services, the $1,699 billion projected for a 30 percent health improvement has to be
further discounted by 35 percent (1 - 100/155).
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improvemnent on a per decade basis; is smaller than but roughly consistent
with two other long term studies of changes in elderly health. In a study
of the health of non-institutionalized veterans aged 65 and over, Fogel,
Costa, and Kim (1994) report that chronic diseases and conditions decreased
by 53 percent over the seven and a half decades between 1910 and
1985-1988, a rate of roughly 9 percent per decade. The projected rate of
health improvement in this paper is also consistent with the 3.6 percentage
point decline in disability prevalence rates among the elderly reported by
Manton, Corder, and Stallard (1997) from the 1982-1994 National Long
Term Care Surveys, which translates to a 12 percent rate of improvement
per decadel®,

The forecast in this paper is similar to these two and some other recent
studies (e.g., Ahlburg and Vaupel 1990; Manton, Stallard, and Tolley 1991)
in that a la}rge health improvement is predicted for the elderly population
during the next twenty to thirty years. However, it also shares the
skepticism expressed by others (e.g., Olshansky and Carnes 19%4) on
whether the recent decline in elderly morbidity and mortality can be
sustained for much longer, especially at such a rapid pace. The analysis in
this paper shows that ‘most of the imp_rovemen_tsv to elderly health occurs
before 2020, but the trend may stabilize or even reverse itself afterWard_ _

As noted earlier, this reversal in health trends is éaused by a population

18)’I‘hedxsablhtyprevalencexatedmmedfmm249pacentm1982t0213pememtm
1994, a decrease of 145 percent over 12 years.

Over a forecasting period of several decades, it should be noted that per
decade improvements ranging from 74 to 12 percent can lead to
substantially different results in health status. My results are similar to the
other two studies not in the exact forecast rate of health improvement, but
rather in the fact that significant improvements of .the same order of
magnitude are predicted for elderly health over the long run.
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that increasingly becomes overweight, which in turn results directly from
the assumption that BMI increases linearly with height over time. However,
even if it is optimistically assumed that weight will rather increase along
the optimum weight curve in Figure 1, the revised forecast in Table 4
shows that health improvement, although larger than the previous forecast,
will still slow down eventually around 203019). This can be attributed to
the fact that the people entering old age around that time are the birth
cohorts of 1945 and later, who did not experience much growth in height
(Figure 3). It will be noted that even if heights were to continue to
increase, the rate of health improvement will necessarily slow down
because, above heights of 175 cm, morbidity decline is less responsive to
height increases (Figure 1).

<Table 4> “Best” Forecast of Elderly Health for Men, 1990-2035

I 1 1 .
. . . Forecast Proportions
Age| 6669 | 70-74 | 75-79 | 80-34 85+ 65+ (Age 66 and over) with:
Gmp . B - o
Mean Relative Risk Predicted by Morbidity m .
Act. Lim.
Year Surface” Health |

1990 | 1029 | 1.054 | 1141 | 1.210 | 1409 | 1.098 | 0284 0.371
2000 | 0969 | 0973 | 1.033 | 1.023 | 1.058 | 1008 | 0.221 0.336
2010 | 0950 | 0951 | 0983 | 0972 | 1.026 | 0965 | 019% 0.320
2020 | 0934 | 0928 [ 0964 | 0950 | 0977 | 0942 | 0.181 0311
2030 | 0933 | 0923 | 0947 | 092 | 0957 | 0933 | 0177 0.307
2035 | 0930 | 0926 | 0945 | 0923 | 0947 | 0932 | 0176 0.307

19) The same height increases as in Table 2 are assumed. BMI is assumed to increase
linearly with height for each age group until the weight distribution has shifted to a
level that minimizes relative risk. Thereafter I assume that weight increases along
the opimum-~weight curve of the Waaler surface.
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The rapid increase in the final height of birth cohorts between 1910 and
1945 appears to be related to the improvement in elderly health that started
in the late 1970s to early 1980s and expected to continue for 15 to 20 years
into the future. The increase in final height experienced by these cohorts,
in turn, are believed to be the result of better public health measures
implemented during the late 1800s and early 1900s (Costa and Steckel
1997). Recent work by Barker (1993, 1994) and colleagues indicates that the
nutrition and health environment in utero and in very early life are more
important than previously thought relative to genetic influences and later
environmental and behavioral factors in determining an individual’s
susceptibility to chronic diseases at old age. In the current trends in
old-age health and mortality and the ensuing health-care crisis, we may
well be witnessing the effect of public policies implemented a century ago.
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ABSTRACT

Estimation of Revenue Loss by
VAT exemption with 10 tables

Park, Ki-Baeg

This paper uses input-output tables to estimates the size of tax
expenditures due to the exemption of value added tax (VAT). According to
the equation on tax expenditures, the size of tax expenditures increases as
the portion of consumption and import increases, inputs of a final product
are not taxed, and goods or services are not used as input of taxed
outputs.

The overall size of tax expenditures in 1995 was about ¥%6 trillion and is
projected to be ¥82 trillion in 1999. The goods or services whose tax
expenditures are significant include residential purchases, government
services, educational services, medical and health services, food, and
passenger transportation services. However, tax exemptions on financial

institutions and insurance services turned out to increase tax revenue.
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City, Agglomeration and Growth:
A Static Model and its Implications

Jin-Yeong Kim

We observe that in industrial economies most people choose to live in
cities despite high land rents and transportation costs. In this paper, we
develop a simple model to study the economic growth of a city and
account for the attractiveness of cities. We introduce a "city production
function” to model the positive effects of increasing retums to scale to a
city’s population. In particular, we emphasize the role of complementarities
among many intermediary goods in the production process. This positive
effect is considered with the spatial structure of a city which generates the
negative effect of high transportation costs and land rents. A one-city case
is expanded -to consider two-city cases in the context of national economy,
where one large city dominates in terms of population and production. We
also investigate .the applicability of this model to the real world by
pursuing some empirical evidence.
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A Study on the Determinants of the United States’
Investigation of Antidumping and Countervailing
Duties against Korean Export Products:
Macroeconomic Factors

Mah, Jai Sheen

The United States imposed antidumping/countervailing duties on Korean
export products quite often in the past few decades. This paper attempts to
reveal the macroeconomic determinants of the protectionist pressure in the
United States against Korean exports. Augmented Dickey-Fuller unit root
test results show that all the concermed variables are non-stationary and
integrated of order one. Therefore, we test for the existence of a long run
equilibrium relationship and the cointegrating vectors by a Johansen
cointegration test. The United States’ protectionist pressure against
Korean exports is revealed to have a long run equilibrium relationship with
the real GDP growth rates in the United States and the Korea-U.S.
bilateral trade balance. That is, as the real GDP growth rate decreases, and
the bilateral trade balance deteriorates in the United States, the protectionist
pressure against Korean export products increases.
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‘Homogeneity, Real Balance Effect and the
Classical Dichotomy

Seh-Jin Chang

The goal of this paper is to show the invalidity of the textbook
interpretation of classical dichotomy and to develop a valid dichotomy based
on the homogeneity property of excess demand functions. Most textbooks,
including Samuelson and Nordhaus (1995), interpret that the General
Equilibrium Theory (GE) determines real variables, while the Quantity
Theory of Money (QT) determines nominal variables in Classical
Economics. This interprétation is represented by vertical aggregate supply
and hyperbolic aggregate demand curves. However, QT, when combined
with GE, implies that a proportional amount of money should be held by
consumers, which in turn implies that consumption and/or labor supply
should be affected by money supply-—this is a contradiction of the alleged
dichotomy.

To develop a valid dichotomy, we should introduce money explicitly into
the GE framework, either by presuming a certain liquidity preference or by
deriving it with a value function, that depends on liquidity, in a dynamic
programming. By utilizing the robust homogeneity property of excess
demand functions, we can show that QT holds as an equilibrium condition,
rather than as a demand function.

In the monetary economy, the homogeneity holds when all prices (wage
and price levels) and money balance increase proportionally. If the prices
increase without being acéompanied by a proportional increase in money
balance, the real balance effect arises. Without this real balance effect, it is
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shown that the price level cannot be determined either in the commodity
markets or in the money market. The real balance effect is also logically
syrﬁmetric with the effect of changes in money supply, provided the
relative distribution of money balance remains unchanged.
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- The Long-run Burden of Health Care Costs on
Public Finance: An Alternative Forecasting Approach

John M. Kim

As proxies for socioeconomic status or past and current nutritional status
of individuals or groups, anthropometric measures such as height and
weight have been gaining acceptance as predictors of morbidity and
mortality. Such results have mainly been established from cross-sectional
studies. The main finding of this paper is that relationships between body
build (body height and body weight) and risks to health can also be used
longitudinally for forecasting very long-termm changes in a population’s
overall level of health. Using data on elderly males (age 65 or above) from
the 1982-1992 National Health Interview Surveys, I find that the
cross-sectional relationship between body build and morbidity underpredicts
longitudinal changes in morbidity among elderly males in the US, but in a
consistent manner.

After correcting for such underprediction, current trends in adult height
and weight lead to a forecast of a 30 percent improvement in the health
status of the elderly between 1990 and 2035. However, this improvement will
not be large enough to completely relieve the health care burden caused by
an elderly population that will be larger both in terms of absolute numbers
and as a proportion of the population. Adopting the same set of assumptions
used for the Hospital Insurance Fund (Medicare Part A) Board of Trustees’
intermediate projection, Medicare Hospital Insurance outlays will be $1,699
billion (2.8 percent of GDP) in 2035 under the old-age health forecasts of
this paper. This is less than the Trustees’ $2,333 billion projection, but still
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falls short of the $956 billion tax revenue projected for 2035. An increase of
the Medicare tax rate from the current 2.9 percent to 5.2 percent would be
required to meet the projected level of expenditure.
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