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Introduction


Regional input-output tables and trade matrices, as shown in Figure 3.1 Chapter 3, are not available in Indonesia. The EMERALD database is produced from very limited regional data in several steps. Key features of this strategy are:
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Figure 5.1 Data construction
· The process starts with a national input-output table and certain regional data. The minimum requirement for regional data is very modest: the distribution between regions of industry output and of final demand aggregates.

· The database is constructed at the most disaggregated sectoral and regional level: 97 sectors and 26 regions. This is useful when estimating missing data.


The data process is broken into 7 stages, as shown in Figure 5.1:

1. A preliminary aggregation to reduce multiproduction

2. Simplification of data structure

3. Input usage distinguished by place of use

4. Input usage distinguished by place of production

5. Consolidate final format

6. Aggregation into 19 sectors

7. Run the model to produce diagnostic information and summary

8. Our exposition follows these steps.

5.1 Stage 1 : Aggregation

The base data for EMERALD is taken from the INDOCEEM 
 data which uses year 2000 Indonesian input-output tables. It distinguishes 103 commodities and 97 industries. 


The INDOCEEM data follows the format of ORANI-G, a standard single country CGE model with most industries producing just one commodity; except the PetroRefin industry which produces 7 fuel goods. At this stage we aggregate 7 fuel goods into one PetroRefin commodity. Also most manufacturing sectors were split into two groups: large enterprises and small-medium enterprises, each producing the same output. We combined corresponding large and small sectors.


Figure 5.2 shows the structure of the INDOCEEM flows database. The column headings in the main part of the figure (an absorption matrix) identify the following agents:

(1) domestic producers divided into I industries;

(2) investors divided into I industries;

(3) a single representative household;

(4) an aggregate foreign purchaser of exports;

(5) an 'other' demand category, broadly corresponding to government; and

(6) changes in inventories of domestically produced goods.


The entries in each column show the structure of the purchases made by the agents identified in the column heading. Each of the C commodity types identified in the model can be obtained locally or imported from overseas. The source-specific commodities are used by industries as inputs to current production and capital formation, are consumed by households and governments, are exported, or are added to or subtracted from inventories. Only domestically produced goods appear in the export and inventory columns. M of the domestically produced goods are used as margins services, for instance, trade and transport which are required to transfer commodities from their sources to their users. Commodity taxes are payable on the purchases. As well as intermediate inputs, current production requires inputs of three categories of primary factors: labour (divided into O occupations), fixed capital, and agricultural land. The 'other costs' category covers various miscellaneous industry expenses.


Each cell in the illustrative absorption matrix in Figure 5.2 contains the name of the corresponding data matrix. For example, V2MAR is a 4-dimensional array showing the cost of M margins services on the flows of C goods, both domestically produced and imported (S), to I investors.


In principle, each INDOCEEM industry is capable of producing any of the C commodity types. The MAKE matrix at the bottom of Figure 5.2 shows the value of output of each commodity by each industry. Finally, tariffs on imports are assumed to be levied at rates which vary by commodity but not by user. The tariff vector V0TAR represents the revenue obtained. 
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Figure 5.2 The INDOCEEM flows database
5.2 Stage 2 : Simplify

At stage 2, we rearrange the data prior to the regional split. The rearranged data is shown in Figure 5.3. We aggregate the investment column to obtain (a) a single investment column representing investment by commodity and sources and (b) a matrix showing investment at purchaser's values by industry and commodity. The INDOCEEM database allowed for import shares in investment usage to differ across industries; EMERALD does not.


Matrix (b) will become a satellite showing investment by commodity and by industry in each region at purchaser's prices (INVEST in Figure 5.3).


Figure 5.3 is a schematic representation of the national database produced after stage 2 of Figure 5.1. The column headings in the main part of the figure (an absorption matrix) identify the following demanders:

(1) domestic producers divided into I industries;

(2) a single representative investor;

(3) a single representative household;

(4) an aggregate foreign purchaser of exports; and

(5) government demands.


BAS and MAR are combined into the matrices V1USE, V2USE, etc. Margin information is retained in the satellite matrix MARGIN, which is not user-specific. indicating the value of each margin to facilitate total use of each commodity from domestic and imported sources. Margins included in the Use Flows and in the satellite margin box in fact are the same margins.


We also move domestic stocks to an industry type vector. This means that we treat them as within-factory stores. We subtract stocks from MAKE to reconcile with domestic cost. We ignore imported stocks and represent STOCKS in independent box. 
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Figure 5.3 Simplified database after stage 2
5.3 Stage 3 : Split users by destinations

In 2000 Indonesia was divided into 26 provinces. The INDOCEEM data included provincial shares of national output and demand. These shares are R001, R002, R003, R004, R005, and R006. R001 and R002 show the industry and investment shares across regions. R001 is a matrix size IND x REG where, for example, R001 ("Vegetables","Aceh") shows the proportion of national Vegetables industry which is located in Aceh. If we were to sum of the proportions across regions, we would get 1, i.e., ∑r R001 ("Paddy", r) = 1.


R003 and R005 show household and government spending shares across regions. R003 is a matrix size COM x REG where, for example, R003 ("Vegetables","JaTeng") shows the proportion of national Vegetables purchased by JaTeng households. Similarly, if we sum up the proportions across regions, we get 1, i.e., ∑ r R003("Vegetables", r) = 1.


R004 shows regional export shares by commodity. For example R004("Mining","JaTeng") shows the proportion of national Mining export which leaves from JaTeng. The R004 shares in the INDOCEEM database followed the production (R001) shares. Again ∑ r R004("Mining", r) = 1.


R006 shows inventory shares by industry across regions. R006 ("Mining", "DIY") represents the proportion of national Mining inventories which are located in DIY. The R006 shares follow the R001.


By applying the above user shares to the national CGE database, we were able to split the user columns of Figure 5.3 according to 26 destinations. Each regional database has the same format as the national. Import/domestic shares and industry input proportions were assumed to be uniform across regions. USE Flow in Figure 5.4 represents the database showing Demand(c,s,u,r) and MAKE Flow showing Supply(c,"dom",u,r), domestic supply. FACTOR Flow represents demand of factors (i.e., labour, capital, and land) and production tax.


The simplified national database of Figure 5.3 distinguishes margins by commodity, source (dom/imp) and margin type (Road, Rail, etc). At this stage we distribute the margins between regional uses in proportion to

· the underlying basic flows

· the average distance travelled by the good to each region
 

· a weight reflecting the need for particular regions (e.g., small islands) to rely on particular margin types (e.g., water transport).


We split MAKE following the cost split. Since we removed stocks from the national MAKE, the regional MAKE follows the revised share of industry output (R001) which excludes stock cost. 


Import is split by share of national import, by port of entry, and commodity. We used a proxy for this share―the share of imports used by each region. This import is expressed in independent matrix box, IMPORT(c, r), in Figure 5.5. This shows regional supply of import.


When we know row and column total of Supply(c,s,u,r) and Demand(c,s,u,r), we are ready to produce trade matrices as shown in the right hand side of Figure 5.5.
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Figure 5.4 Database after stage 3

[image: image6.wmf]USER  x  DST

IND



USE

(c,s,u,d)

Delivered value of demands:

basic + margins (ex_tax)



quantity: xint(c,s,i,d)



price: puse(c,s,d)

COM 

x

 SRC

INVEST

(c,i,d)

purchasers value of good c used

for investment in industry i in d

price: pinvest (c,d)

quantity: xinvi(c,i,d)

TAX

(c,s,u,d)

COM 

x

 SRC

FACTORS



LAB

(i,o,d)

CAP

(i,d) capital rental

LND

(i,d) land rentals

PRODTAX

(i,d) production tax

+

+

+

=

=

MAKE

(c,i,d)

output of good c by industry i in d

update: xmake(c,i,d)*pdom(c,d)

IND  x DST

+

COM

=

=

DST

CES

ORG  x DST

DELIVRD

(c,s,r,d)

= TRADE(C,S,R,D)

+ sum{m,MAR, TRADMAR(c,s,m,r,d)}



price: pdelivrd(c,s,r,d)



quantity: xtrad(c,s,r,d)



=

TRADE

(c,s,r,d)

goods c, s, from r to d at basic prices

price: pbasic(c,s,r)

quantity: xtrad(c,s,r,d)

TRADMAR

(c,s,m,r,d)

margin m on good c, s from r 

price: psuppmar_p(m,r,d)

quantity: xtradmar(c,s,m,r,d)

SUPPMAR

(m,r,d,p)

Margins supplied by p on goods passing 

from r to d

update: 

xsuppmar(m,r,d,p) * pdom(m,p)



MAKE_i(m,p)=SUPPMAR_RD(m,p) + 

TRADE_D(m,"dom",p):

TRADMAR_CS(m,r,d)

SUPPMAR_P(m,r,d)

CES sum over p in REGPRD

sum over COM and SRC

MAKE_I

(c,d)



domestic

commodity

supplies

(c,s,d)



=

sum over

i in IND

MAKE_I(c,r)

=

TRADE_d

(C."dom",r)

=

=

      Leontief

+

INDUSTRY OUTPUT:

VTOT(i,d)

INVENTORIES: 

STOCKS

(i,d)

DST

ORG  x DST

FINDEM

(HOU, INV, 

GOV, EXP)



final demands 

by 4 users at

delivered price:

 puse(c,s,d)



quantities:

xhou(c,s,d)

xinv(c,s,d)

xgov(c,s,d)

xexp(c,s,d)

INDEX     Set         Description

c              COM       Commodities

s              SRC         Domestic or imported (ROW) sources

m             MAR       Margin commodities

r               ORG        Region of origin

d              DST         Region of use (destination)

p              PRD         Region of margin production

f               FINDEM  Final demanders (HOU, INV, GOV, EXP)

i               IND          Industries

u              USER       Users = IND union FINDEM 

o              OCC         Skills   

USE_U

(c,s,d)

=

DELIVRD_R

(c,s,d)



price:

pdelivrd_r

(c,s,d)

quantity:

xtrad_r

(c,s,d)

IMPORT

(c,r)

Figure 5.5 Database after stage 4

5.4 Stage 4 : Form TRADE matrix

The TRADE matrix is produced using a distance matrix and gravity approach. We first measured distances between main towns in adjacent regions. 

5.5.1. The Distance matrix

We calculated other, non-adjacent distances using Floyd's algorithm. The small table below illustrates how this approach can fill the distance cell between two regions. The matrix is symmetric: the distance between reg1 and reg2 equals the distance between reg2 and reg1. Initially we placed in the matrix map distances of direct routes between adjacent regions. Other cells were filled with a large number, 9999.


The algorithm attempts to replace these 9999 value with minimum indirect route distances. Suppose the distance reg1-reg4 is 9999 (no direct route). The program can pick a shorter distance, given that the distance reg1-reg2 is 22 and the distance reg2-reg4 is 60. Hence the shortest distance reg1-reg4 is 82. 

distance
reg1
reg2
reg3
reg4


reg1
5
22
9999
9999
← This becomes 82

reg2
22
5
9999
60


reg3
9999
9999
5
30


reg4
9999
60
30
5


Table 5.1 Completing the distance matrix using Floyd's algorithm


Since the distance reg1-reg4 is 82 and reg4-reg3 is 30, the algorithm deduces that reg1-reg3 is 112. The process continues until no more cells can be reduced in the above way.

5.5.2. Gravity Formula

In the absence of interregional trade data, we used a gravity formula
 (trade volume follows an inverse power of distance) to construct trade matrices consistent with pre-determined row and column totals. The trade formula shows trade flows by commodity from source region, src, to destination region, dst. Parameters were chosen to give plausible trade shares. 
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where src ≠ dst. We can express this trade formula as follows:
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Source share is as a function of supply of commodity from source region, src, and as an inverse function of the distance between source region, src, and destination region, dst. More distant regions will trade less. In addition to this, we also apply a distance factor by commodity, Disfactor (c), to this formula so that local (or bulky) goods are traded less. Construction, for example, will be impossible to move so Disfactor("Construction ") is set to a high value.


Then, we calculate SUPPRATIO(c,s,d) which represents own share (supply/demand ratio). Then we replace the diagonal matrix of the source share matrix with SUPPRATIO(c,s,d).  Note that regions with SUPPRATIO(c,s,d) greater than 1, are surplus regions; less than 1 indicates deficit regions. To allow trade across regions, we replace SUPPRATIO(c,s,d) of surplus regions with the value 1 (supply equals demand). Hence surplus regions can give to deficit regions. Note that we always scale the shares to sum to 1. Also we prevent deficit regions exporting to many other regions. 


Similarly we calculate the trade margin matrix (TRADMAR in Figure 5.5)―the margin used to transfer commodity from r to d, using the source share matrix and applying different margin weight. This weighting reflects an availability of margin in each region. For example, margin weighting for rail transport in Aceh is less than DKI (Jakarta) since there are fewer railways in Aceh than in Jakarta.

5.5.3. Rassing the trade matrices 

We used a rassing method to reconcile the estimated TRADE matrix with accounting constraints. DELIVRD Flows (on the right hand side) must agree with USE Flows (on the left hand side). Both flows consist of basic and margin values but are indicated by different dimensions. Each should add to USE_U showing a summation of USE Flows.


DELIVRD is the sum of two sub-trade matrices, i.e. TRADE (showing basic value) and TRDMAR (showing margin value). A list of balancing conditions appears in the following excerpts from the TABLO which performed the RAS.


 Condition 1.1 requires the sum of TRADE over source regions to equal BASIC_U. 
! Excerpt 1 of TABLO input file: !

! TRADE should add to BASIC_U !

BASIC_U(c,s,d)          Basic flows

TRADE(c,s,r,d)          Trade matrix (basic values)

 (1.1)  BASIC_U(c,s,d) = sum{r,REGSRC, TRADE(c,s,r,d)}


Likewise, Condition 2.1 requires the sum of TRADMAR over source regions to equal MARGIN_U. 
! Excerpt 2 of TABLO input file: !

! TRADMAR should add to MARGINS_U !

MARGINS_U(c,s,m,d)      Margins

TRADMAR(c,s,m,r,d)      Margins on trade matrix 

(2.1)  MARGINS_U(c,s,m,d) = sum{r,REGSRC,TRADMAR(c,s,m,r,d)}


Condition 3.1 requires the sum of imported TRADE over source regions to equal IMPORT.
! Excerpt 3 of TABLO input file: !

! TRADE (imports) should add to IMPORT !

IMPORT(c,r)             Imports, by port of entry

(3.1)  IMPORT(c,r) = sum{d,REGDST, TRADE(c,"imp",r,d)}


A sum of domestic TRADE over regions of destination should add to MAKE_I (domestic commodity supplies). For non-margin commodities we apply Condition 4.1, and for margin commodities we apply Condition 4.2.
! Excerpt 4 of TABLO input file: !

! TRADE(dom)+ SUPPMAR(mar inds)  should add to MAKE_I !

MAKE_I(c,d)             Domestic supply 

SUPPMAR(m,r,d,p) 

Margins supplied by REGPRD on goods passing 
 



from REGSRC to REGDST

(4.1)  MAKE_I(c,r) = sum{d,REGDST, TRADE(c,"dom",r,d)}

(4.2)  MAKE_I(m,r) = sum{d,REGDST, TRADE(m,"dom",r,d) 

       + sum{rr, REG, SUPPMAR(m,rr,d,r)}}


Excerpt 5 contains Condition 5.1 and Condition 5.2 require that the sum of SUPPMAR over margin producer regions should add to TRADMAR_CS, which is the sum of margins needed to transfer all goods from r to d.
! Excerpt 5 of TABLO input file: !

! SUPPMAR should add to TRADMAR_CS !

TRADMAR_CS(m,r,d)       Sum of margins on trade matrix

(5.1)  TRADMAR_CS(m,r,d) = 

    sum{c,COM, sum{s,SRC, TRADMAR(c,s,m,r,d)}}

(5.2)  TRADMAR_CS(m,r,d) = sum{p,REGPRD,SUPPMAR(m,r,d,p)}

5.5 
Stage 5 : Consolidate final format 

We use a number of elasticity parameters. Referring to the demand nest in Figure 3.2, several CES nests from the bottom to the top correspond to different elasticities:

· In Equation 15.3, Chapter 4, SIGMAMAR(m) is the constant elasticity of substitution (CES) between regions in supplying margins (i.e., trade, rail transport, road transport, water transport and other transport) on goods passing from region of source (r) to region of destination (d). For example, DKI provides a constant share of shipping margins on the JaTeng-SumUt route margins. Each substitution between margin origins has elasticity value 1.

· In Equation 14.2, Chapter 4, SIGMADOMDOM(c) is the CES between goods from different regions of origin. Tradeable goods have a CES of 5 and non-tradeable goods have a CES of 1. 

· In Equation 1.1, Chapter 4, SIGMADOMIMP(c) is the Armington elasticity between domestic and imported goods. Most of these elasticities range from 0 to 2.8. They are taken from GTAP.


Referring to the production nest in Figure 3.3, several more CES nest from the bottom to the top correspond to different elasticities: 

· SIGMA1LAB(i) is the constant elasticity of substitution (CES) between skill types. We set SIGMA1LAB(i) to equal 0.2.

· In Equation 5.1 of Chapter 4, SIGMAPRIM(i) is the CES between primary factors (land, labour and capital). We set SIGMAPRIM(i) to equal 0.5

· In Equation 8.1 of Chapter 4, at the top level, SIGMAOUT(i) is the constant elasticity of transformation (CET) between output commodities with value equal 0.5.


At the point we have a full database as shown in Figure 5.5 with 80 sectors and 26 regions.

5.6 Stage 6 : Aggregation 

Finally, we aggregate from 80 to 19 sectors, retaining all 26 regions. This makes the model solve quicker―around 10 minutes on an Athlon XP CPU. The aggregated sectors and the region names appear in the tables of simulation results in Chapter 6. 

5.7 Stage 7 : Run the model  

When we run the model, it calculates summary and diagnostic data from the input database. The summary data contains, for example, GDP on the income and expenditure side. Diagnostic data includes any differences between demand and supply. The diagnostics help us check that on database procedure preserved accounting identities.

























































































































































































































� EMBED ABCFlow  ���





� EMBED ABCFlow  ���





























� INDOCEEM is a version of the INDORANI CGE model of the Indonesian economy designed especially for analysing energy-related issues but useful also for analysing other policy issues. 


� The estimates of average distance are refreshed at stage 5 of the data process. Initially, arbitrary estimates are used.


� The force of attraction, F, between two bodies of mass M1 and M2 is given by :


� EMBED Equation.DSMT4  ���; where r = distance between the two bodies and G = the universal gravitational constant = 6.67 x 10-11 N m2 kg-2
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