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INTRODUCTION

‘(1) Use mathematics as shorthand language, rather than as an engine of
Inquiry.

(2) Keep to them till you have done.

(3) Translate into English.

(4) Then illustrate by examples that are important in real life
(5) Burn the mathematics.

(6) If you can’t succeed in 4, burn 3. This | do often.’

Alfred Marshall to A.C. Pigou



KEY CONTRIBUTIONS TO THE LITERATURE
» The use of Human Capital in Marshallian Modeling;
» The use of an ‘entry cost (price)’ that helps regulating ‘Entry/EXxit’;
» Expansion of the Sales Demand function;

» Introduction of the Foreign Sector.



OVERVIEW OF THE SOUTH AFRICAN ECONOMY

Sectoral growth rates
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Sectors’ contribution to GDP

GDP by sectors

@ Agriculture, forestry,
fishing
®m Mining, quarrying

O Manufacturing

O Electricity, gas, water

m Construction

= Trade, catering,
accommodation

m Transport, storage,
communications

O Finance, real estate,
business senvices

m Community, social,
personal senvices




Macroeconomic indicators
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Macroeconomic indicators (cont’d 1)

Real GDP
Industry Q-0-q (saar) Relative|Contribution to g-o-q
2008 size change in 2008 Q2
Q1 Q2 (%0) (% points)
Agriculture, forestry & fishing 17.2 19.6 2.3 0.5
Mining & quarrying -25.1 15.6 4.9 0.8
Manufacturing -1.0 14.5 15.9 2.3
Electricity, gas & water -6.2 -1.3 2.0 0.0
Construction 14.9 10.6 3.6 0.4
W holesale & retail trade, hotels & restaurants 3.6 -2.2 14.0 -0.3
Transport, storage & communication 3.5 4.1 9.8 0.4
Finance, real estate & business services 4.9 2.3 20.7 0.5
General government services 4.6 1.1 12.5 0.1
Personal services 3.9 3.9 5.3 0.2
Total value added 1.9 5.1 91.1 4.6
Taxes less subsidies on products 4.3 3.3 8.9 0.3
GDP at market prices 2.1 4.9 100.0 4.9




Macroeconomic indicators (cont’d 2)

Trade balance

Rand billion
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Macroeconomic indicators (cont’d 3)

Gold and foreign exchange reserves
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Macroeconomic indicators (cont’d 4)

Consumer inflation

16

14 +

12

10

Per cent
[00]

=—CPI

CPIX

i\f\\[\/ |

98 99 00 01 02 03 04

05

06

07

08

11



Macroeconomic indicators (cont’d 5)

Consumer and producer inflation
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Macroeconomic indicators (cont’d 6)

Per cent
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Macroeconomic indicators (cont’d 7)

Rand against major currencies
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Macroeconomic indicators (cont’d 8)

Brent crude oil price
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Macroeconomic indicators (cont’d 9)

Gold price: US$ per fine ounce
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Macroeconomic indicators (cont’d 10)

Year-on year per cent

Manufacturing
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Macroeconomic indicators (cont’d 11)

Retail sales growth
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Freedom reform

Main points:
e Promoting free enterprises and perfect competition;
e Better quality of education;
e Reduction of trade unions influence;
e Rendering the labor market less rigid,;
e Higher control of money supply;
e Tax-cut for high income groups;

e Introduction of a “poll’ tax.
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Background of the MMM: Progress report

* Introduction of the SEMTSA to check Dynamic Econometric Models
(Zellner and Palm, 1974/75, 2004);

» Building macro models: (1) to explain the past; (2) to make valid
predictions; and (3) to advise policymakers. (Garcia-Ferrer et al, mid-
1980s);

= Development of dynamic equations for individual variables testing

them with past data for forecasting experiments;
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Background of the MMM : Progress report (cont’d 1)

= Use of Autoregressive-Leading Indicator models (ARLI);

= Use of ARLI/WI (with world indicators such as: the median growth
rate;

= Use of time-varying parameter state-space models versus fixed-
parameter models;

= Use of Bayesian shrinkage and model-combining techniques to

Improve forecasting precision;
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Background of the MMM : Progress report (cont’d 2)

» Rationalization of models using economic theory such as: (1)
Aggregate demand — Aggregate Supply model (Zellner 2000);
(2) Hicksian IS-LM model (Hong 1989); (3) Generalized Real-
Business-Cycle model (Min 1992);

= Use of disaggregation to improve forecasting precision (Leontief,
Stone, Orcutt, Zellner, Lutkepohl, de Alba,..)

= Origins of the Marshallian Model (Chen, Israilevich and Zellner,
2001/2005)
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MODEL SPECIFICATION

I. Optimization
Q =A(zL)*K/
7=TR-TC

TC =wL +rK +T

1)

(2)

(3)
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Optimization (cont’d 1)

Assuming two set of prices:

P

-~ Q : Current prices;

Pe
-~ Q : Expected prices.

The optimization problem becomes:

7 =PFQ-wL —rK -T

Max:

Constraint: Qit — AN (Zit Lit)a Kiltg

(4)

()
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Optimization (cont’d 2)
First order conditions:

Before price adjustment mechanism:

K™ = pAP o ar )|
r LW

(6)

(7)
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After price adjustment mechanism:
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Optimization (cont’d 3)
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Optimization (cont’d 4)

e PQ " 1
— | .Z
P (10)

1 a B atf e f (P a9+ Pk
Q _ Al—a—ﬂ .al—a—,b’ .ﬂl—a—ﬂ .(PQe)l—a—ﬂ .Wl—a—ﬂ .rl—a—ﬂ. P_(i 77
Q

(11)
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1. The Sales Supply equation

1 o ) - -p

b — B+ ZTP
S, = AP gt .ﬂl‘“‘ﬂ.FN(F).W o f plrach plredtsh .(ch) AP a-p,77¢
(12)
oN 0
or

Basic definition of sales:

SS = (FN ) .PQ g (13)
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Sales Supply equation (cont’d 1)

N
= =Z f
] =1

f

j : firm jth share in the sector’s total activities

Logging both side and differentiating wrt time:

Ss_gA END | pP oW 0T 3o PiaZigrt
S, A |F N®I P

W r = R Z r (14)
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o, =HR™
] 1
W|th:-6’1=1_a_ﬂ
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- 1o -
- B
-0, =
Yl-a-
-0, = -«
-0y = —v

Sales Supply equation (cont’d 2)

(15)
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I1. Sales demand equations

Sp =(RD)P, .0 (16)

D
where &% = ;Uk

with: - D being the total number of demanders of the sector’s products;
-and v, represents the k" demander’s size (share) of the

sector’s products demand.
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Sales Demand equation (cont’d 1)

The demanders include:

(1) firms;
(2) private households;
(3) government;

(4) foreign entities.
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Expanded sales demand function

A
m P’
Sp = PJ Cq (P )™%.(Y,) ™ (RD)™ TT X 7 [Q) }
j=1 P

[ ] P. P.e Y. [ ) [ ]
S_D: (1_A)i+(ll +A)i+12@+2€@+;{jlm
S, P, P, 2(Y,) CwD Frwy

where:

- v, Gross National Disposable Income

- s, :Sales Demand;

- x:Other variables affecting sales demand;

- wy: World Income.

(17)

(18)
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I11. Factor market

a) Labor Supply Equation

_ ﬂ B S_s - PQ " Va
ol (3] (7] oo

H
K=

3 =

where: J

1k

& is an index capturing the share of household ‘k’ in supplying

effective labor (zL) for the given sector

@_ iV_E + E—E + i—i + é+@
@ w R s TR [ R TR T e (20)
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b) Labor demand equation

L+ +Ha D),
Ss | P
L=a—| —

W PQ (21)
(L) S W 150 D s i (a0 Nii
(zL) S, w “ P, < “pg (22)
(L) S, w IR
(ZL)_SS W+(l+ﬂ¢|<+(a 1)¢.) PQe P, (23)




V. Capital

a) Capital Supply Equation

41 S V2 P 73
K = CK(rJ (SJ [ er (5D)”
PQ PQ PQ
K P s, P P, P
Kh[r?}n(f?]w{;;
P S¢ P, Q "o

(24)

5 D
J+74[5+D] (25)

36



b) Capital Demand equation

s Pe lvag, +(S-1)¢g
_p2s|_Q
I (PQJ (29)
K S 7 e P 51 %
<s. [L1+ag +(B 1)¢K][PQ}+[1+Q¢L+(ﬂ 1)¢K]LPQ€} (27)
K_s. i R L
<7, -+t ad + (B 1)¢K][PQe PQ} (28)



V. The Money Market
a) Money supply equation

Ms =Cy PHr™

=, — |t 7T, —
M P r

1

(29)

(30)

38



b) Money Demand equation

v, c v, P Ve
M¢=C_,.(RD)™.(3N)"2| — | |23 | |2
) (B) (R
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V1. Entry/EXit equation

N

N_:CE(Ss_ﬂ'e)

VI1I. A note on ‘expected price Po ’

InPy, =@ InPy, ) +(L-a)InP

e 2

e —
In PQt =In

(1)
PQ(t—l)

o(l-@)
| PQ(t—z)

o (l-w)°

" Qo)

e

Q(t-1)

(33)

(34)

(35)

(36)
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Pe =

Q

where:

I1 P!

j=1 Qu-i)

szwﬂ—wy4.

Expected price (cont’d)

(37)

(38)
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THE ARLI (3) MODEL

S : : S%(t_a . [ Mgy -
I’{S . j ~6, +6, SS(t—l) +6, SS(t—Z) +‘93850—3) +6), I'{Sp)}res I’{I\/l = T &g
S(t-2) Qg (t-2)

(39)

Note: Sq, dt



DERIVING THE REDUCED FORM EQUATIONS

Considering the three equations:

; ° I;) ° ° T ﬁ ° °
S_ 91A+ :S+E +82—Q+93!V+84£+ZGI_|+@E+965
S A3 N R w r T P "z T
S, (ERD) Y, WY
L =(1-A + A
SD ( ) Q ( ) (ﬂl ) +Zjle ZJZWY

Z|Z-

=Ce (S —-7°)

(40)

(41)

(42)
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Reduced Form Equations (cont’d 1)

Equating 40 and 41.

«916+ S, NI +«92—Q+«93!V+651£+Za,—'+6{F,E:(1—A)i+ 2D +(4 +A)—
A3 ND| ‘R “w r &R 2z R (% D R
| Vﬂ (43)
Ay Ty

Replacing E— In equation 43 by equation 42:
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Reduced Form Equations (cont’d 2)

i — Ce .7Z'e——CE S. + L .D + (4 +4) .PQ 4 .A % .W
P, 6,-1+A" 6,-1+A"° 6,-1+A'D 6,-1+A'Pf 6,-1+A'A 6,-1+A'w
T
_ o, i_ ;O] i_ Os z Os i_}_ 41 Y_ol+ X2 V\;Y
0,-1+Ar 0,-1+A P 6,-1+Az 6,-1+AT 6,-1+AY, 6,-1+A WY

(44)

Plugging 44 into 40 we obtain the RFE-DA for price and sales supply:
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Reduced Form Equations (cont’d 3)

P N S A VS S
— =0, +0,5+0,, —+6,—+0,, —+0, —+0;, —+6, —+0, —+ 0, =+ G — U

SSi 0i Li~Si 2i Di 3i A 4 VV, o r 6i Zi 7i Yd 8i WY 9i T ;@H P“ USI (45)
E—d 16,8, 10, D 4o A+o-' ﬁ+0" E+c7' é+0" Y—.d-l-(fl Mﬂy’ i+ T i+

Qi— 0i 701 2iDI 3 4iw 5 eizi 7id CIVYVARCES c nPl Upi (46)

T
[ ] G [ )

S B ) P 29 ¢
With: &™"p "9, —1+A'P:  0,-1+A'P (47)

46



DERIVING THE TRANSFER EQUATIONS

The structural equations model can be presented under matrix form:

1 - -1f[s,| [0 ] |O 1,
1 -y Opp,l=| O+ O, + 0w+ O+ 0@+ 0z
0 0 1|n,| |&] |9, 0 0 0 0

Kyi Ks; Kyi

=

H O Lo+ O X+ Ay | Ay WY+ Ay (D +| £ (48)
O O O O O _VTi,t




Transfer Equations (cont’d 1)
Multiplying both side of equation 48 by the matrix A
A" =(detA).A™

1 —A(L) -1]
A=|1 —y(L) O
0o 0 1

0 A
Al=—"" -1 1 -1
0 0 AL,




Transfer Equations (cont’d 2)

After multiplying both sides of equation 48 by A™ :

AL -]

ERIOEV(]]

—7(L)oy;
_§o,i

|

_7(|—)51,i
_é‘l,i

5, (A -7(L)]

Sirat

49



Transfer Equations (cont’d 3)

__7/(L)K2,i | __V(L)Kai ] __7/(L)K4,i ] __7/(L)K5,i |
K I TR @t K [T T
0 0 0 0

U] [AOAT [AOA,] [ADAL
-G (X A W Ay Wy A d, +
0 0 0 0

AUt + At A (49)
_‘C;ri,t +:Uri,t _VTi,t
[A(L) — D) My,

o

t
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Transfer Equations (cont’d 4)

Equation 49 can be transformed into a system of linear equations for both

price and sales supply:

AL -7D]s., =S —ADSESi 0 (D, — (Dt — H(Dyia, — (D, 2,

=D, L —ADRG X, +ADA; Y, +ADA, Wy +ADA,; & =AD&, +AD 4, —ADVE,
(50)
[ﬂ(l—) _7(|—)]- By =i —QiSea MW, — Kok — ka8~ —Reiliy R XK ALY,

+A2,iVWt +A3,id —&Tiy T Hrip — Vi (51)
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Transfer Equations (cont’d 5)
where:
- ML) and 1V lag operators

- X set of other exogenous variables obtained from the ARLI (3)
model: SP (Stock Prices) and M (Money Supply: M2);
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Transfer Equations (cont’d 6)
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RESULTS USING ITERATIVE ISUR

Table 1- RMSE and MAE

ARLI (3) MMM-DA MMM-DA
(no shrinkage) (shrinkage)
RMSE 2.75 1.61 1.72
MAE 2.17 1.28 1.31
Formulas:
_ MAE =T12:: V- Y,

- RMSE= \/ S, -y,
t
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Model fitness (per sector)
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Model’s Prediction Ability: Actual versus Predictions (Forecasts)
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POLICY SHOCKS (permanent shock from 1990)
Manufacturing
a) Individual shocks: 10 percent

3.0

>s

2 O

is4

104 S ]

o544

0.0 _—

-0.5

- 1 T - 1 T 11 T 1T T 1 T T T 1
1975 1980 1985 1990 1995 2000 2005

Shock 2: GNDI
Shock 3: Labor_Effectiveness

Baseline
Shock_1: Entry cost

65



b) Aggregate shock: all three shocks applied simultaneously

1975 1980 1985 1990 1995 2000 2005

— Baseline — Aggregate shock
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Agriculture

a) Individual shocks: 10 percent

L o e R L L B L A B B L B S L AL B
1975 1980 1985 1990 1995 2000 2005

Baseline
Shock 1: Entry cost

Shock 2: GNDI
Shock__3: Labor effectiveness




b) Aggregate shock: all three shocks applied simultaneously
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Transport

a) Individual shocks: 10 percent
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b) Aggregate shock: all three shocks applied simultaneously
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Construction

a) Individual shocks: 10 percent
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b) Aggregate shock: all three shocks applied simultaneously
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Mining

a) Individual shocks: 10 percent
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b) Aggregate shock: all three shocks applied simultaneously
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Government

a) Individual shocks: 10 percent
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b) Aggregate shock: all three shocks applied simultaneously
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Community

a) Individual shocks: 10 percent
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b) Aggregate shock: all three shocks applied simultaneously
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Finance

a) Individual shocks: 10 percent
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b) Aggregate shock: all three shocks applied simultaneously
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Wholesales

a) Individual shocks: 10 percent
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b) Aggregate shock: all three shocks applied simultaneously
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CONCLUSIONS AND POLICY RECOMMENDATIONS
» Extending Marshallian modeling with use of human capital and entry cost
provides higher prediction ability;

» Freedom reforms are recommendable for SA: GDP can increase as high as 5.1

percent (1 percent shock) or 8.5 percent (10 percent shock);
» Further disaggregation will improve prediction ability;

» Improving the quality of public service delivery is an efficient way of

promoting growth.
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