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Neu+Neaelt wapgRroxi mati on of reduce«dlIfadarnmesd fbor
el emepkampl es

by
Peter Dixon, Maureen Ri mmer, Fl ori an
Centre of Policy Studies, Victoria Un
Novemb,er2 @24

1. l ntroducti on

FIl orian Schiffmann suggested usi ngetaheNeur al
reduced form of a CGE madel .aphd itchmegn oinmpriod me
paper. Peter Dixon and Maureen Ri mmer, with
aim was to teach themselves about what FIl ori
to demystify NN ied@GE modéhleems nds of ot h

Section 2 explains the role of reduced for ms
CGE modeling groups. As an example, we intr

Section 3 sets out the forlnmdctmadrmedmawe cgi wd
mat hematics intuitive substance thhgexwmpkeng t
we specify highlysasndnpdhtdtWwedhewgamueckamdtoed by
NN search.

Section 5 is a brief report on Tohuro nesxt preurcitd na
of DBT part of a | arger project. Further inf
the | arger project which we are preparing wi
Studi es.

Section 6 contai.ns concluding remarKks

2. Moti vati on

Computabl e gener al equilibrium (CGE) model I
environment, agriculture, tmrealdeyvarmtndCGE hrraod a
compl ex. Successful application of alC&Engode
and experience. Organi zations without CGE e
an unattracti-veropatoondfpropgpectck, especially

confidenti al

Rosed (2104 7dQli xe@tn (220 Ldevel opedomismitdrat clients
approxi mate CGE soluti dhsseeltevhnst weoet her me
conducting a |imited number of CGE simul ati o
regression equati otntemanara pesatl iameat &€ GEl a stl iad ii toine
endogenous and eTxhoegseen oruesl avtairad masbh iepsss. bec ame t
The attractive feature of t heleudia dl s eigd itgh &

1The only CGE application wérMNN aiwa re@GHEdrdBRdl)lziwthgp afs evdh iNoNh f
sensitivity aralpwmiépies., rlera dtelres Barriet zZzssumed to know how NN w
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tuanounbdyticiweeéembobst CGEOmxtpheea ictnlceer hand, t he
exogenous nwdruideebdl eésn fahds é hmapnmloiglhomlkes | s
| i mjatnad-lnionnear i ti es pr esgretneimpaébtsilgad . CGE model

Thi s dpeaspceanialpes oach based on NefuccrakailNethwomk m{
toolisapprTdhach overcomes itehregt emsitami ®enas oif cit

To motivate the explanati on a fd etshter uNcNt iavpep reova
(DET) Thi sf owra sawbhadiailedtinda e q uwipt h ttslee fabi |l ity to
short,imotai csecur ehenvVvi kehmenegi onal and natic
advenwvesatangi vien dAe®t@atviieca u aotni o n occhcaurrarcitnegr iastt iac
| ocati on

The unceerolnyoondge DEfT@r ver SERMTBERMs a dynamic,

mo deilng .syslttenhas been I mpleimeadgededadtrediinmgt e
nati onal regiconsitarnyd moalrel mulwtiit h sbhbnappbhaht
motivating tiwas papeu| aTEBMfor a single nat.i
Ssubati onal regi omdr ea mebadr@e3dc eii nvdeu ssthroicekss. r epr e s e
destruction i n -reatcihonaldurseégiyorm,ndamsdbdeat hs i
sumati onaThe egutomut f r osn athieo nmeshdaed in o nnacld buedceo n o
variables such @&y GDRIuasrnd youtpwm reduced forr
as

gdp(a)= G, ( k(r, j);D(r);E(r) for all r i REG, ji IND)

) _ : (21)
gl {nation, 29 regions
output(q,i)= H,; ( k(r, j);D(r);E(r) forall r | RE5, j iIND) (2. 2)
forq i {nation, 29 regions}, andii {23 dustries) '
where the exogenous variables are
k (rt,hje) percentage of the capital stock in
made unusabl e by the adverse event
D(r), the numbeegiobndeat &asd
E(r), the numbeomofegvanunati ons

and the endogenous variables are
gdp(q), the percentage chanegeatiimn@DP icm urse
the adverse event; and
output(q,i), the percentage change in the
subational ) .

For any given valueswofcameokxaigrer nvalsuearf amb
variables by solving the model . But that op
neeadrse functi ogaal,f oMmenf bty Gnserting i1 nto (
the exogenous variables suitable for the eve
endogenou.s variabl es

h &€nor mReugsi Mo aleTTh.e TERM met hodol ogy weats( 2pDi.0c5n)¢é er e.@ tleywbdye@ir &
en developed ananeéxotemeedc blyl &Va gt eve r,ats & éh ef Cre nd x emplf e PWIl ti
Oaln7d )24 Wi ttwer and Horridge (2018)
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Thus, the challenge for us w@santhygithdaetr icvoeu | edx p
used by the client.

3.Using Neural Net wor ks Gqandélegrnve2esplacdt (2c

I n devel opi ngGegexnply we iaanb d wtr NEE MO MAl at i ons wi
di fferent sets of valwues for the exogenous V
obser vatrvemeexogefmous variables and the cor
endogenousTlhvweaaieaiGyaeddy hy f Neuralg Net wor k ( NN)
equatil@8b6s 00O observations arbd eusvead tddnes rfeoma i

sample testing.

We start the explanation ofpkaowfny h(e3gNIN nteot h(o
t he mat hemati cal form ofnt @epN&i npweg mit at non
introduoitNNasnc:epltasyer, i1 nput | ayemwrodeo,utweuitg H tas
bias, edge and Badtoirvevatrieon efwai mgt it hre. mat hemat i
note that:
(aN1 in (3.2) is the number of exogenous Vv
(bNd n (3.5) is the number of endogenous Ve
Ve f or t F5QAQ0 éi,s 1t h'é xdbaytea ofucarn\dtalré arb | e,
Vo*M)is thekdatdagéoous variable;
dV,t), for k i=s 1t,he ,f iMit,leed emdoagefious vari e
the exogenous variablamsdare from obseryv
et he Fssm@meei fpired functions.
The NN prabhlee mi otrark e

choose values for Ws to minimize
"\P P End 2
a a(veem- vym) @)1
k=1t IOBS
subject to
V() =VFY), for alkkE tB,alNd 3)2

2 N1

V() =F, S8 W, ,*V(t) W,, ,for alr=tl,anxd, é, N2 (3). 3
GCe=1

é é é

&N ,
V(J—l)r(t) =F(J.1)rgea W(J 2y . l)r*V 1] z(t) W b,(J 17 for at ¥ 2 1 ead W ((3J ) 4
=1

and

N(J- 1)

Vi =a WuyaVe ) W ,for aamldl kt =N, , 2, g3.)5
(=1

With given vabtesnf oeviet lpdl ¢ttisotuog hast hey can po:
negative and n,ewe nodulsd mwdrok otnter ¥u(gtij he3 . 2)



objective is to set the Wsx(949 kt FdIni nBeni zes ul
(3.1)

The constraints in the ohtait mi zat ied ™ rapyeearbsit @ mi
each of whniocdhd bcemnite@al iiumessonar eayeandimi tintexd thay
by ransmi ssi onedgienses known as

The first | aiyrepuyt, klnssywasrpasi fthed by (3. 2). Th
exogenous variable. 1(Tfa)e evalupepsi ad bhesdenod
the exogenous variabl es.

The final | ayer o(ultapyuetr iIJ)y,epkrcawn eals btyhg 3. 5) .
noder each endogehlatsk bHaddieddfide t he fitted va
endogenoukandarnisalbllog med as a | inear combinat.i
secdbmadt | ayer u(sl ayern .n efTlce pweitgeghtms used in t
val ue #+1ln altayerdlehy e ki 9 aeéenWpele byhe intercept
(often rédfi@asredr oduasd ki a8 HagpWired By node
|l f there are no | ayers between the input | ay
ordinary | east squares.
The | ayers between the | nhpiudtd eann d abybetrpset | & n g e
have any number of nNomd ¢ 9 M. .IJFLR@andalruendia & Nmd
hi dden | ayer i s afcotrinveadt iboynt Bf pupnFcgtidnogn) @6 8. I he i n
tafm funatioear combination of mpddaes valtweeseirn
term. Sheedveiimghttr ansf er flinrogl ¢toh d amyeetrea emr i ns | a
denotWd, hy The intercept term W, .l ayer m at
Figure 1 #lalylegt MNaNt eompul ati on i n which ther e
one endogenous variable, and the second | aye
Whil ei ((33..51)) provides a formal defi fiotrimton of
equationg2i g)(2ah) be approxi mated by NN fitt
unanswer ed. How do we determinerthé& notberi
each of them? What form should the activati
give a cl ose a@anmnkyXiumati omst?to t he
The answer to the | ast question is yes, but
All we can do is report our experience in se
However, we can say that the acetitwatiicand Ifyunc
simpl e. For example, in odirn apedaeércattiimog,t lwe
values in all hidden | ayers, that is we eval
a Ny
er(t):MaX£7 a. Vv(m-l)/,mr*v(m-l)'(t) Wb,mr !
g (=1

for all t1,, m=nd2,r =,1,J 2, é, N m

I n the next section, we illustrate the surpr

NN computations.

SThi s riescttihfed efl Ré if diacrt i bmi t
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Figdre An NN approximation of tmelaa@éuecomputhatieondogienlou? eaog
1 endogenous variable

Input layer Hidden layer putl&yuer



4. coMputani ehsementary exampl es

We present three examples in which there are
endogenous variabl e. T hacrma swee i dhi swchu scsh  tt bhee r NeN
one endogenous variable.

Exampl e 1: a |inear model

What happens i f the true reduced form for ou
an NN computation to approxi matsgethe nr dchwec evd
of fitmeéi ngue | inear reduced form?

To answer this question, we assume that the
equation with two exogenous variabl es:

VE(t) =V, 2 V,P%) for all t 4 )1

How wel | can gl wiBp aywir mdNtNe se@arch in which t
functionanareseeRebd | ayer has two nodes? [ Th

of exogenw®aunsd tvielirea gadod ehas 1 node (the fitted
endogenous variable)].

Wi th t hwies | oeotkug or W values to minimize
~ nao 2
a (VU - va() 4)2
tl OBS

subject to

V,t)=vFPq) f or all t and r= 1, 2 4.3
V2r(t):Max§Q,é W, *V,(t) W, for all t and 4. F4 1, 2
=1
and
V(1) =;ai_lW2,y31*Vz(t) wW,.for all t 4.)5
After a |little ex meexmtcitd g/, rvee rfodwrce ttheet |

per.i
the following weights
Wy 0n=Wp,,, 4 (wei ghts for transmittimaodenoidre Ivaay eures
W.,=W,,, =2 (weights for transmittimgdeoide Nayer
W,,,=0f or r(iEntler Qept terms for the nodes in |
W, =1, W,,, =41 (weights for transmitting ndpde valu
Wy4=0(intercept term for the node in | ayer 3)

4.6

With thesethweimhde values in | ayer 2 are giwv

V,,(t) =Max (0, V,,(t) W/ (t i
(1) ( (t) 12()) :'_0 otherwise

4 )7
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é;vll(t) 'Vlz(t) if Vlit) \A-lgt) 0

V,,(t) =Max (0, V,,(t) V(1)) % 5 otherwise 4.8

At | ayer 3, we have

V=V, V.. 4.9

| V,)+V, (t) Dt heaobstit @Et)i7nagh8n®o (s e
V(1) =V {t) WV (1) 4.)10

| V,t)+V, () €t hen subs(d4t dd)i agdf AdmBh ghves(4. 9)
V,(H) =V (1) W [t) (4.0n1

Thus, under al l cid4dilmmipdatibas, we see from (
Va(t) =VEHD) W) T 4.2

Wi th theweihph4cyb hoef ¢ bj e c t4i)Rei sf uonpcttiineinz e(d wi t h

This confirms that if the reduced form is |

Examplae quanhodeli c
I n presenti,weg shimpkeehdmpbeadhti ng the Ato arg
Weassume that the endogenous variable is gen
exogenous variabl es:

VEr‘Ido - (VlEXOg _‘c/zExog)z ’ (4 . )1 3

whev¥®andare drawn iraddpmhdgeanhdy from rectan
each wi ih 5r, i@E& Hlots in Fi gWiPeV2wshbdwthal ues
correspondiffgov al @@ obBEETIMWPHti ons of

How walnl we apd.rfodwindatyee r(3 NN computation in w
| aynpars 4anddebke famtcitviRoeni8Bo mr e

We wondét answer this questsivocniNMainm eropgudé&ati Bt
at | east acbtwailhegslkey brtehd near approxi mati on
' ines iTandidaffien&d by:

&L.5*(V+V, 9 0.5 if V.5 W, 05

&

a8.5*( Vo +V ) ifO &, W, 0.6

VEndC’:% * Exog Exog : Exog Exog (4 ' )1 4

g2 0.5%(V, 0 v, if0 ¥ 5% V&9 05

&

2155V ¥;79) 05 if 05 V20 v,
We wi | | do this-phycehdwinrecart mmgptp rtolxea mlat i on i s
foll owi nagp pweiiegdhttso gener ate :node values in t

W,,, =05 W,,,=05W,,,=0 [wei ghts to generate value at

W =1 W, =1;W,,,= 05 [ weights to generate value a

9



W, 5= 0.5 W,,,= O05W,,,=0 [ weights to generate value
W= 4 W,p= 4,W,,,= 05 [ weights to generate value
W, 50=1 Wy, 5 =L Wy 0 =1 W, 5, =1 W, ,=0 [ weights at | ayer 3,
4.)15
Demonstration thatd4dt)hbdevei)ghrt s( speci fied in
Wor king wi3.h3) 3ard usidnglbt we nwdiegalwtas uiers ( n |

£0.5%(V,, +V if VP9 29 @
V,, =Max[0,0.5*V,, 4.5*V, ] ,E MtV ot 2 (4.)016
|f VlExog +V2Exog ‘O
BV, +V,, 0.5 if VP9 wPor 025
V,, =Max[0,V,, #,, 0.9 F=“ 12 ot 2 4.n7
70 if V294V 9 95
g-0.5%(V,, V if VEou wles o
V,; =Max[0, 0.5*V,, 0.5*V,)]| F: MV V) s sy B (4.)18
10 if V74V, B
g-(V,, ¥,) 65 if VPO 9 05
V,, =Max[0, V,; V,, 05| F M V) : * (4.)109

10 if VEI+V P9 >0.5

Usi ng t3h ewelifagylddgns)l 5i n weo3b.t5a)i,n t h,e s Moirt ttehde val ue
endogenous variabl e as:

V,, =V, ¥,, W, V4, 4.)20
Consiwsitt#hn)t(4we ftimed ftihtigodvV"Pakuedet er mined as f
i fVP9+V, > 05t hen,

V,, =0.5%(V,#V,) tV V) 05 15*V +V ) 05 4.21

i fO¢ V9 /79 @5t hen,

V,, =0.5%(V,+V ) (4 .)22

if02V>9 ¥ > D5t hen,

V,, = 0.5%(V,+V,) (4.)23

anifi-05 2V W t hen,

V, = 0.5%(V,#V,) (V#V ) 05 15XV V) 05 (4.24)

|l nterpretation

The f or escqausatroendgt iRe pi ecewi se approxi mation d

in Figure 2 is 0.95. This has been achieved
computation with ReLU activation functions a
do ewdan er than this. l't is also apparent tl

approxi mation function would have more piece

10



Figure 2. Quadr ati esengonfeengdc @ pmeeaxi matmed i oy
1

V Endo

Exog Exog
V7P +V,

-1 -0.5 0 0.5 1

We chose the i4l)lBbecatuseei modelbl §d-be represe
di mensi onal diagr am. It is clear that NN pi
more gener al pol ynomial f or ms.

ExampPplAe Leonti ef function

Il n this example, we assume that the endogeno
VEndO:MaX(VlEXOQ’VZEXOQ) , (4 ) )2 5
A reduced for md4dapémigg h tve&dand \frérse floefr (t o producH
facilities foVW'"ask&pPPprodhet eah@ct on GDP mi
| arge negative shocks to both production fac
destroyed, allowing users of the critical <co
We show.Rbaan (be repradiBager edHdctedmpwt athi on
second | ayer has 4f unnocdteiRoenhsbidartene acti vati on
Consider the following settings for the weig

W,,,=05 W,,,=05W,,=0 [ weights to generate value ¢

W,,,= 9.5 W,,,= 05/W,,,=0 [wei ghts to generate value ¢

W, ,;=0.5 W, ,,= 0.5W,,,=0 [ weights to generate value

W= 0.5 W,,,=05W,,=0 [ weights to generate value

W, 5,15 Wy 0= AW, =1 W, o, =1;W,,=0 [ weights at | ayer 3,
4.)26

11



Demonstration thatd4t)dédevkei),rnt s( speci fied in
Wor king wi3.h3) 3ar2d usidng2,6t we wdit@htns niomde( v al

£0.5%(V,,+V,) if VP ¥ @

V,, =Max[0,0.5*V,; 40.5*V 4.)27
21 [ 11 2] if VlExog +V2Exog 9
-0.5%(Vy, ¥ if VP9 W59 0¢
V,, =Max [0, 0.5*V,, 05*v12] M o) o ? (4.)28
|f \/1Exog + V2Exog >0
£0.5*(V,,- V) if VP V29 @
V,, =Max[0,0.5*V,, -0.5*V,| FE 4.)29
23 [ 11 12] if VlEXOg +V2EX°g 9 ( )
0.5*%(V,, V if VPO V29 o¢
V,, =Max[0, 0.5*V,; 8:5*V,] | p057 (Vi Vi) ' 2 (4.)30

TO If VlEXOQ _ V2E><0g :e

Usi ng t3hewelifagyddms2 6i n (3. 5), we obhftoari nt tehe it
endogenous variabl e as:

V,, =V, V,, W, V4, 4.)31

Frodm )X7asn.d2 §we see that wunder all circumstanc
V,,-V,, .5V, W) 4.)32

Frod )X9adn.d3Qwe see that wunder all circumstanc
Vs +V,, 955V, V] (4.)33

Then @sB@AQg)B3Mad ()3vx obt ain
V,, =Max (V,, V,,) 4.)34
This confirms that the Leonticemplutacti oanwcah
ReLU activation functions.
Exampl e 4. Dealing with more than one endog

| f timere than one etnldeomgewme uso wlad | médrl feor m a s
computation for bgsaodhwimme .a sHovwdwerNN probl em
endogenous variables, as in (3.1) to (3.5),
optimization probl em.

To gain intuition on how this works, we comb

are two endogemneustedr bgbRPeexogenous variabl
V,Ee = (V Exog 3/ Exoq) ( 45) 3
VECSVECRVES 4.36

How wel can we approxi-mayer ( AINS6pmanda( 4086

I
second | ayer has 4 nodes and the activation
answer this question directly. té&egepecify w

12



approxi mati ons-ftooemtuhaet itormse erbeyd Weeenb nstrati ng
optimization procedure weuld generate good a

The weicghhadossevet o determine the values of the
of the first notbosai iy hexampdr.edl R)aherwarght s
choose to determine the value of the second

W21,32:2; W22,32:O;W23,32:2;W24,32:0;Wb,32:o (4 37)

With this choiceatolie weo djdg si,n tthlee vad uersd | ay
(4.30), and the value at the first node of t
Conseqwehhl gur chbeeNNwapphW¥®% mattihcen staome as
piece |Iinear approximation illustrated in Fi

approxi mgt? omBy &i ng through Figure 85° we car
i's exact.

|l bhi s ewearmmlvee | ost no accuracy by combining
endogenous varcalmpaesat Abot hhwes hgket rmduced t
number of weights thattweedeparhéeéedeoepmwmit aed
ofdwx®i giiter dach computation made up of 8 wei
the first | ayerl dtsdhi talse wee gdin dp ladwetirigdot ssec on d
transmit information frompltilsewsiegbintdhé atyleirr d
l ayerln a combined2wemghtati 8nwehghesate 2r a
from the first Ipalydesrbitaos twhee gshetcsp had s W ahyeg hstesc o |

to transmit information f rpdmstbhe ss eveomdhtlisayyd
| ayer

More generally, the determiNidandogemduappamnixa
NJ e panreautreal pmetbwerms with N1 exogenous variat
| ayerguihreesest N1t N2HNE2]L wei ght s. This i s re€
[ N1 * N2MARKIN] weights in the combined probl em
this i s ahhewingda hsaarvgiemgnf@ mbgeaoas and endogeno

Thadvantages of the combined approach are ac
hi dden | ayer.

OQur example in which there was no | oss of ac
one endwagreinavhultewo i s rather a speci al case, f
form equation being | inkracadl Weappltihed elses ,i d
| f we have successdmual arpotmpkreimant ed af reduc
Nlendogenousahlasjt is |ikely that we can ext.
variables inmuaml eoxpgtdi wmdh ezdlat wob k pvealghe m onl y i
ast. | alyreese Bpbeohtaeesshhg approximation fun

ndogenousT hweamib adbx trga g BNF[NJ -1) $whebai s t he

I

e

numberddaft i onal endogeln)o uiss vtalra arbu nebse ra nadf Nn(ald
hi ddenLilmegaemr .combinations of the functions a
considerable flexibility in approximating th
vari abl es. This is illustrated inVP gure 3
a

re combined with neweights in approxi mati

13



Fi gur eMo3ddel with 2 exogenous and 2 endogenol
computation -wodeé hi dderglleaver

1.1
g VlEndo1 VZEndo h

0.9
0.8
0.7

0.6

0.4
0.3
0.2

0.1
VlExog + VzExog

0.5 d 1

-0.1

-0.2

-0.3

-0.4

-0.5

The solid red curve Vifahbdetheueedecdtivedgruuimi

V. Th@piece | inearzfluinrce iamb diest itneéde d en 1(i4n el &r) .
Vof unction defi nmideden I(idn darpSfluinffd eeoddd diesf itndeade X
l'inear | ipugétdi os dbédki Ved in (4.19). Wit h t
the third |l ayer, weaeppt axinmg®igow emekdsgmphe 2pu
no, om.antdnmdeter mi ni ny, ", het haep pw eoixgi hntast ifoonr ftohr:
l ayer ded.ided dlyimanmabwAVYect hhen¥. At the same t

pieces.ahdfWecY¥ions so that they'°beoemenesahtec
soutehst quadrant s.
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5Using NN to develop the Destructive Events

This section provides a brief description of
approxi mate the reduced fonm.f29r the model d

As mentioned earlier, we createdERBRMdat abase
simul.at vielhhes ¢ href 25 exogeapusaladeasabiesti(on i
and 29 regions, and dea) hwermemdclroaemavtiana p
invol ving ramadaotanndhot ter sdhadt heWeeeewt ded
results for 864 endogenous variabl es. These
out put by industry and region.

EadERMI mul ati o8Gtecokh da3b2ouctoos wra B & & @

simul ations were conduct ek wistéll ndflBMRACK ver s
Dormand Prwnadameéei vednatep s TOil 2e¢ anc(eegal ue of
Horretdga&lPkP80 GEMPACK Ma)n uoan@ uvd.thiel®., D00 si mul at i
t oako3dtay s 1ubs ipnagr al d3e€2l cjoales nmamc hi ne

From the simul a3b>00@pdaebextwiatch eeladh data p
val ueg22sbfexogenou864aencdbdestasvdygat  halleesliat a,

constgf¢imtct @dn eNIND )cont aining an input | ayer wil
exogenous variable) and an output | ayer with
Bet ween the input and output | ayers we inser

The activati on fTuhrectliosrss fwenrcaii Benh gu.stende i me towa
mean squared error.

The tot al number of wei @WR&G64 n the resulting

[ =4* ( B2 537 RD2 5-*88) 6] 4 The | arge number of hidd
appropriatel yl ir cipaseisitemn tt hHaned G&l nmow e or accur .
pr ediodthieo re fbfoetcht -sscneaflel a&smcdllearsdhe c k s . The opt

done using the Adam oaptinmioz ¢l e piamplagment ed
https:/ / www..t enWerdhaosve otrag/timsamii mayb g t efpise h 1
timhe value of the | oss function Tfheer t he tr a
optimization of the neur al net work took appr

Using a single NN calculation rather than se
sharply reduced the number of weilgfhtwe fhoad wh
attempt e8d6slteq ag altvee NN -lpirdbdd reerd calyi eéhrfesv4 ng 725 n
then the total number of weilgHtds (WRLBLIFT 2have
+725)+725+1)}*864] .

We supplied the client with the NN approxi ma
together with a program for inputting shocks

Vali dation tests

Having hie$®d 0 data points -tormrappeowismaNNODE
the remma, h@dHsga mpl e dtad aa e Nd st he accuracy of
form appr.oxiFmagtuiroenss 4 and 5 compare results ¢
generated by osr NN reduced form
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Figure 4. % effects on national GDP generated by TERM and the NN
approximationequationin 15,0000ut-of-sampletests
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Figure 5. % effects oremployment in a major exporting regiogeneratedoy
TERM and the NN approximatiorequationin 15,0000ut-of-sampletests
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