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Introduction

While the GTAP database distinguishes nearly all major economies, some countries are represented only as part of a composite region. SplitReg is a tool to help you split out one or more of these countries into separate GTAP regions. For example you might

· divide the GTAP region XOC (rest of Oceania) into NewCaledonia and RestOfXOC;

· divide the GTAP region XWF (rest of West Africa) into Benin, Ghana, and RestofXWF; or

· perform both of the above operations at the same time.

The data needed is fairly simple: a table of value-added by subregion and by GTAP sector (aggregated as you chose). For example, in the first example above, you would need a two-column table showing how sectoral value-add in XOC is divided between NewCaledonia and RestOfXOC.

The main program, SplitReg.TAB uses these value-added proportions to split industry and final demand columns of the original GTAP data in to subregions. Simplistic assumptions are applied, such as common technology and budget shares in new regions. In some cases SplitReg may produce an unbalanced database: a second program, GTAPAdjust, is used to remove any imbalances. GTAPAdjust is also capable of scaling GTAP data to accord with a variety of targets. Thus, region-specific trade, tax or technology patterns could be imposed at this stage.

Both SplitReg and GTAPAdjust operate on a simplified, reformatted form of the GTAP data -- the so-called "normalized" format. To begin with, the supplied program GTP2Norm converts your GTAP data to normalized format. After SplitReg and GTAPAdjust have done their work, program Norm2GTP converts the data back from normalized to standard GTAP format.

You might use the supplied version of SplitReg, or adapt/extend it.

1.1 Prerequisites

· You need a GEMPACK licence, either source-code or executable image.

· You should already be familiar with the GTAP model and its data structures, and the use of ViewHAR to examine data. 

· You'll need intermediate GEMPACK skills, and a little knowledge of how BAT script files work
.

2 Installing SplitReg

The SplitReg package is supplied as a ZIP archive—unzip this into an empty new folder with a short and simple name (such as C:\SplitReg). Then open a command prompt (DOS box) in that folder and type:

SplitReg.bat

to run the supplied example.job. You should see a series of messages like:

running split1 with split1.cmf

running gtp2norm with gtp2norm.cmf

running normchek with normchk0.cmf

doing diffhar

running SplitReg with SplitReg.cmf

running normchek with normchk1.cmf

running gtapadjust with gtapadjust.cmf

running normchek with normchk2.cmf

running norm2gtp with norm2gtp.cmf

running gtpvew with gtpvew.cmf

doing agghar

doing diffhar

BATCH JOB SUCCESSFUL -- see following files in output folder:

basedata.har

default.prm

gtapview.har

sets.har

taxrates.har

If instead you see error messages, it probably means that you do not have GEMPACK installed properly on your system (it needs to be on the system path), or that your GEMPACK is too old (you need Release 10.002 or later
).

2.1 Examining the results of the supplied example

Examine the files BaseData.har and GTAPView.har in the Output folder. You should see that the output files distinguish one more region: old region XOC is divided into new regions NewCal and RestXOC.

The file work\diffs2.har shows the difference between the original data and the new data agregated back to the original regions -- these differences are small.

3 Overview

Figure 1 gives a broad overview of the SplitReg sequence. The program works with 3 sub-folders of the SplitReg folder: Input, Work, and Output:

· Input folder must contain the original GTAP database, consisting of files: sets.har, basedata.har and default.prm.  SplitReg insists that the input files have these names and are located in this folder.

· Work folder stores various temporary and diagnostic files. For example, NormChek2.har contains diagnostics showing whether the output data is balanced (ie, whether accounting identities are satisfied. Headers CK1A, CK2A, CK3A and CK4A should contain zeros or tiny numbers
.

· Output folder will contain the new expanded GTAP database.

The basic plan is that:

· Program Gtp2Norm converts your original data to the simpler "normalized" format, orig.har.

· The SplitReg program produces a new database, SplitReg.har, with extra regions. This database might not satisfy all accounting restrictions; ie, it may be 'unbalanced'.

· The GTAPAdjust program produces balanced data, adjusted.har. Optionally, you can use GTAPAdjust to impose more target values for your new regions, by placing additional instructions in input\GTAPAdjust.cmf.

· Program Norm2Gtp converts the scaled adjusted data back into the standard GTAP format.
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FiFigure 1 Overview of SplitReg files and programs

4 Starting a new project

When you are starting work with a new dataset you should:

1. Read all of this document, unless you read it all recently.

2. Make and preserve a zip of the input folder if it contains previously used material that you may need again later.

3. Delete all files in the input folder, except GTAPAdjust.cmf.

4. Locate the GTAP database which is to be your starting point. Place this data (with names sets.har, basedata.har and default.prm) in the input folder. Also place there a file NewReg.har (decribed below), listing old and new regions, and the mapping from new to old.

5. From command prompt, type:   SPLITREG.BAT
Check that it ran OK. This job creates and uses a file input\UserWgt.har containing random splitting weights. 

6. Replace the weights in input\UserWgt.har with your own data.
From command prompt, type:   SPLITREG.BAT
Check that it ran OK. This time the regions are split with your own data. Examine various diagnostic outputs.

7. Optionally, edit GTAPAdjust.CMF to impose more targets for new regions.

8. Again run   SPLITREG.BAT
9. Examine outputs. If happy, job is done. Otherwise, return to steps 6 or 7.

The majority of time will be spent in repeating steps 6 to 9.

5 The "normalized" data format

At an early stage, SplitReg.bat reformats the GTAP flows data to a simplified, so-called "normalized", format. The main features of the normalized format are:

· The parameters file (default.prm) is the same as in the standard GTAP format.

· A single file replaces the GTAP flows file (basedata.har) and the sets file (sets.har).

· Taxes are represented explicitly, not as the difference between other flows.

· All the original matrices with two regional subscripts are consolidated in one giant TRADE array.

· Other original matrices with a sectoral subscript are consolidated in one giant NATIONAL array.

At the end, SplitReg.bat translates the normalized data back to the standard GTAP format.

The normalized format helps to simplify the SplitReg and GTAPAdjust program which adjust the data, and the NORMCHEK programs which check and summarize data.

   TABLO programs GTP2NORM and NORM2GTP convert data between the normalized and standard GTAP formats.

Table 1 Normalized data file

Header
Type
Dimension
 Coeff
Name

Sets





REG 
1C
14 length 12

Set REG Regions

COM 
1C
26 length 12

Set COM Commodities

IND 
1C
26 length 12

Set IND Industries

MAR 
1C
1 length 12

Set MAR International trade margin commodities

FAC 
1C
5 length 12

Set FAC Primary factors

INV 
1C
1 length 12

Set CGDS_COMM Investment good

TRD 
1C
4 length 12

Set TRADES Basic, exptax, imptax, margins

COST
1C
32 length 12

Set COST All industry costs

USER
1C
29 length 12

Set USER All local users

Core





TRAD
RE
TRADES*COM*REG*REG
TRADE
GTAP trade data

NATL
RE
COST*SRC*USER*REG*TYP
NATIONAL
GTAP national data

Other





EVOA
RE
ENDW_COMM*REG
EVOA
Endowments - Output at Agents' Prices

SAVE
RE
REG
SAVE
Savings - Net Expenditure at Agents' Prices

VKB 
RE
REG
VKB
Capital Stock - Value at Beginning-of-Period

VDEP
RE
REG
VDEP
Capital Stock - Value of Depreciation

DPSM
RE
REG
DPARSUM
Sum of Distribution Parameters in Household Demand System

VST 
RE
MARG_COMM*REG
VST
Trade - Exports for International Transportation, Market Prices

5.1 Contents of normalized data file

Table 1 lists headers of a normalized GTAP data file
. First come various sets. Sets COM and IND are each the same as the GTAP TRAD_COMM set. Investment is regarded as a type of final demand. In this example, there is only one margin good (svces); in other data there might be more margins.

   Next come two large arrays, TRADE and NATIONAL, which contain nearly all the flows data used by the GTAP model.

   The TRADE array shows, for each COM, all bilateral trades (first REG index is source; the second is destination). The set TRADES (see Table 2) corresponds to different layers of this array, namely BASIC, EXPTAX, IMPTAX, followed by members of the MAR set (in this case, Transport). To value trade at FOB prices we would add together the BASIC and EXPTAX layers. Further addition of the margin layers would give us trade at CIF prices. Addition of the final, IMPTAX layer would give duty-paid imports.

   The NATIONAL array shows, for each REG, all expenditures by non-export demanders. The USER set consists of the sectors (=COM=IND) followed by final demanders HOU, INV, and GOV. The COSTS set consists of the commodities (=COM=IND) followed by the primary factors and the PTAX output tax. The SRC index shows whether goods are produced locally or elsewhere. Yet another index, TYP, divides costs into basic or tax components.

Table 2 Members of special sets

USER
COSTS
TRADES
TYP
SRC

FoodFrsFsh
FoodFrsFsh
BASIC
BAS
dom

Coal_Oil_Gas
Coal_Oil_Gas
EXPTAX
TAX
imp

…..other
sectors…..
IMPTAX



svces
svces
Transport



cns
cns




HOU
Land




INV
UnSkLab




GOV
SkLab





Capital





NatRes





PTAX




5.2 The balance conditions

   The GTAP database must satisfy 3 accounting identities which we can express in terms of the TRADE and NATIONAL arrays. For each identity, flows are measured at "basic" prices, which include production tax (for domestic goods) and tariff tax (for imported goods

5.2.1 Industry costs = sales of locally made goods

Using TABLO notation, costs and sales are calculated as:

(all,i,IND)(all,r,REG) COSTS(i,r) =
     sum{k,COST, sum{s,SRC, sum{t,TYP, NATIONAL(k,s,i,r,t)}}};
(all,c,COM)(all,r,REG) DOMSALES(c,r)=sum{u,USER, NATIONAL(c,"dom",u,r,"BAS")};
(all,c,COM)(all,r,REG) EXPSALES(c,r)=sum{t,REG, TRADE("BASIC",c,r,t)};
(all,c,COM)(all,r,REG) SALES(c,r) = DOMSALES(c,r) + EXPSALES(c,r);
(all,m,MAR)(all,r,REG) SALES(m,r) = SALES(m,r) + VST(m,r);

5.2.2 Supply = demand for imports

Again in TABLO notation:

(all,c,COM)(all,r,REG)
      IMPSUP(c,r) = sum{t,REG, sum{x,TRADES, TRADE(x,c,t,r)}};
(all,c,COM)(all,r,REG)
      IMPDEM(c,r) = sum{u,USER, NATIONAL(c,"imp",u,r,"BAS")};

5.2.3 Supply = demand for international shipping margins

Again in TABLO notation:

Formula (all,m,MAR) MARDEM(m)
  = sum{c,COM,sum{t,REG,sum{f,REG,TRADE(m,c,f,t)}}};
Formula (all,m,MAR) MARSUP(m) = sum{r,REG, VST(m,r)};

6 Programs and files of SplitReg.bat

SplitReg.bat consists of a number of separate operations or programs, which may be divided into 3 stages:

Stage 1 is mainly concerned with converting the orginal GTAPdata to the normalized format:

· Split1 creates an expanded parameters file, and the worksets file of useful sets and mappings.

· GTP2NORM converts the original data to the normalized format (orig.har).

· The NORMCHEK program is used to check and summarize orig.har.

Stage 2 consists of the actual data adjustment:

· SplitReg uses sectoral value-added by new region to perform a crude division of the new regions. 

· GTAPADjust scales the data, so that accounting identities are satisfied, and (optionally) so that specified target totals are reached. The scaled output is stored as adjusted.har. Report file InitialRpt.har summarizes the input data. Report file FinalRpt.har summarizes the adjusted data, and reports various aggregate percent changes induced by GTAPAdjust.

Stage 3 is the "wrap-up" phase:

· The NORMCHEK program is used to check and summarize adjusted.har.

· NORM2GTP converts adjusted.har into the standard GTAP format (output\basedata.har).

· The standard GTPVEW (aka GTAPVIEW) program produces a summary of the new GTAP data.

· Finally (and optionally) GTAP.TAB is used to run a test simulation of the new data.

6.1 The NewReg.har file

The Split1 program

· reads in lists of old and new regions, and the mapping from new to old

· creates a new parameters file

· creates a dummy file of splitting weights, work\splitwgt.har, which will be used by the SplitReg program if there is no file UserWgt.har in the input folder.

The region information comes from the file input\NewReg.har, which must contain the following 3 headers:

 
Header
Dimension
   Name

1
NREG
15
   Set REG1 Complete enlarged (post-split) region set

2
OREG
14
   Set REG  Original regions

3
MREG
15
   Mapping MAPREG from REG1(15) to REG(14)

In the supplied example the sets OREG and NREG are the same, except that NREG has two elements, NewCal and RestXOC
, in place of the original region XOC.selement a

6.2 SplitReg.tab and the UserWgt.har file

The SplitReg program works with the following regional sets:

· REG0
the complete list of old regions (14 in the example)

· REG1
the complete list of new regions (15 in the example)

· SPLITREG
the original REG0 regions to be split (in the example, XOC)

· NEWREG
the new parts of SPLITREG (in the example, NewCal and RestXOC)

The data used to split out the new regions is a matrix, at header VALD in file input\UserWgt.har, of size IND*NEWREG giving value-added by sector and new region (14 sectors * 2 new regions). The entries should all be >0 (assume each sub-region has at least a tiny bit of each industry).

   SplitReg.tab converts this array into a matrix of shares (of new region within parent old region). The shares are first used to split all industry inputs among new regions, including primary factor payments. Hence, it is possible to deduce GDP at factor cost by new region. The GDP shares are used to distribute consumption, investment and government final demand columns between new regions. Industry technology and final demand budget shares and all import/domestic ratios are the same as in the original parent region. After this distribution, we can deduce:

· output of industries, or supply of domestic goods

· total non-export demand for domestic goods

· total demand for imported goods 

Exports can be derived residually, as the difference between sector output and local demand. Thus we can derive exports and imports by commodity and new region, and use their proportions (between new regions) to split rows in the TRADE matrix. For example, if total NewCal mineral exports were 50% of total XOC mineral exports, we would assume that NewCal mineral exports to EU were 50% of XOC mineral exports to EU. 

   The procedure leads to a new database which satisfies accounting identities and can be aggregated to recover the original data. There is however a flaw: local demands for domestic goods might exceed production, leading to negative exports. For example, mining tends to use a lot of construction. If we assume that NewCal had a large share of XOC mining, but only a small share of XOC construction, we would likely discover that in NewCal demand exceeded supply for domestic construction.

6.2.1 Stage 2: increasing import shares to meet demand

Where SplitReg identifies such shortages for a particular region and commodity, it uniformly reduces domestic use and increases imports for that good (while keeping each user's dom+imp usage unchanged). An opposite movement occurs in other new regions, since the new data is scaled so that it adds up to the original data. The series of scalings is repeated 3 or 4 times.

   While such scaling will often eliminate supply shortfalls, it may fail for commodities which are very little traded. Such imbalances will be eliminated by the next, GTAPAdjust, program.

   Finally it should be emphasized that SplitReg does not change any values that relate only to old regions that are not split.

   SplitReg produces main output file work\SplitReg.har with diagnostics in work\DgSplitReg.har. More diagnostic output is in the file work\NormChek1.har. 

7 GTAPAdjust to remove remaining imbalances

Next, the output from SplitReg is fed to the GTAPAdjust program, which will enforce accounting identities. This program is documented elsewhere
, so will not be described here.

Optionally, GTAPAdjust might be used to scale the data to meet other targets, such as exports by new region. The necessary instructions would be added to the file input\GTAPAdjust.cmf.

8 Using the diagnostic files

You can examine diagnostic files for troubleshooting or quality control. The more important ones are listed below, with some hints on using them.

work\normchk0.har

NormChek0.har contains diagnostics showing whether the original GTAP data is balanced (ie, whether accounting identities are satisfied). Headers CK1A, CK2A, CK3A and CK4A contain demand-supply differences: they should contain zeros or tiny numbers
. Headers CHK1, CHK2, CHK3 and CHK4 allow you to view demand and supply as well as either ordinary or percentage differences between the two. Your input GTAP data should (and normally will) be accurately balanced. The header SMRY provides a useful overview.

work\DgSplitReg.har

show the stages of the SplitReg program

work\normchk1.har

NormChek1.har contains diagnostics measuring the size of imbalances in the file SplitReg.har produced by SplitReg. The header SMRY provides a useful overview.

work\InitialRpt.har

This is useful to see initial values of the available target variables for GTAPADjust, and to show imbalances created by SplitReg.

work\FinalRpt.har

This is useful to see percent changes and final values of target variables.

The final headers [DSLK, ISLK, MSLK] show how much work GTAPAdjust had to do to enforce accounting identities on adjusted.har. Huge values for these multipliers may indicate implausibility in the targets (or closure) specified in GTAPAdjust .cmf.
work\normchk2.har

NormChek2.har contains diagnostics measuring the size of imbalances in the file adjusted.har produced by GTAPAdjust . Imbalances should be small. The header SMRY provides a useful overview.

output\GTAPView.har and output\TaxRates.har

These are two diagnostic files produced by the standard GTAPView program from the output database. They contain useful summary information, and flag some potential problems.

9 Troubleshooting

SplitReg may stop with an error message, or display a list of log files. Examine the end of the last (most recent) log file. In many cases the message in the log file will be self-explanatory.

Note that the input folder must contain files: sets.har, basedata.har and default.prm in the correct GTAP format. "Correct format" means, the format used by the GTAP model (ie, you could use the files in RunGTAP).

10 After SplitReg is finished

When you are satisfied with the SplitReg output you should:

· Make and preserve a zip of the input folder so you can repeat the whole procedure later.

· Make a zip of the output folder: you can load this zip into RunGTAP via the New Version wizard.

11 Implementation notes

11.1 Dynamic GTAP data

The procedures are designed to work with the data and format used by the standard GTAP model. Dynamic GTAP uses some extra headers (YQHF,YQHT,YQTF, etc). Programs Gtp2Norm, SplitReg, and Norm2Gtp are designed to transfer these headers if they are present in the input file basedata.har -- if not present in the input, they will be created with dummy values in the output file. You could copy the same technique to process other optional data.

11.2 GEMSIM or Fortran?

To reduce download size, the programs used in SplitReg.bat are supplied as TAB files which are run with GEMSIM. If you have the source-code version of GEMPACK (and are scaling a very large database) you might prefer to run EXE versions of the programs. To do so:

· Run the batch file COMPALLF.BAT to compile the programs

· Edit the file RunJob.bat (instructions within) to use Fortran-based exes.

11.3 Limits

You may need a source-code or unlimited Exe-image GEMPACK licence if the dataset is large. If very large, you may even need the 64-bit version of GEMPACK.

11.4 Group Policy

If your system administrator does not allow you to open a "DOS box" (CMD console or command prompt) on your PC, you will be unable to use SplitReg (or accomplish much else of use).

11.5 Full-size GTAP

SplitReg can be used with full-size GTAP -- but becomes a LARGE job. The bottleneck is the GTAPAdjust program. You should if possible switch to using Fortran programs, as explained in section 11.2 above. Around 2.5GB of memory may be used meaning that:

· You must be running 64-bit Windows.

· You may need to use a 64-bit exe file.

Edit the "start with mmnz" line of GTAPAdjust.CMF to read:

start with mmnz = 250000000; ! ie, 25 million

In July 2013, the standard GTAPAdjust was run for full-size GTAP (129 regions, 57 sectors), using Fortran-based 32-bit exe files made by Intel Fortran. Runtime was 45 minutes, with Intel i7-3930K CPU, and up to 2.5GB of RAM was used. 6-step Euler solution method was used.

11.6 Splitting single nations

One user wished to split USA into California and RestOfUSA. The unsplit data showed no exports from USA to USA; consequently the split data showed no trade between California and RestOfUSA -- which seems unrealistic! What to do?

Answer: You need to adjust either the original or the disaggregated dataset so that some USA domestic sales/purchases are turned into exports/imports.

The GTAP trade data is based on customs data, and so shows NO trade within a country, while trade DOES exist within the "Rest of" composite regions, like XOC [since the GTAP trade data was collected on a 200-region basis, then aggregated]. Therefore, if you wish for California to secede, you need to invent international trade flows between California and RestOfUSA, and include these as exports from USA to USA in the initial unsplit data. That means that Californian icecream eaten in Chicago (previously regarded as a "dom" flow) now is regarded as an "imp" flow, exported from and imported by the USA (in the original data), or exported from California and imported by the RestOfUSA (in the split data). An intricate adjustment is needed, which probably would be easier to do using the "normalized" format.

<end of document>

� For example, see http://www.copsmodels.com/gp-bat.htm


� The supplied example will run with the limited-size Executable-image version of GEMPACK. For larger databases you may well need one of the Unlimited Executable image version, or the Source-code version of GEMPACK.


� By "zeros or tiny numbers" is meant: small relative to the original flows. Use headers CHK1, CKH2, CHK3 and CHK4 to see differences beside (or as a percentage of ) the original flows.


� Look at files orig.har or adjusted.har (in the work folder) to see examples of this file format.


� It would be illegal to name the new elements NewCal and XOC. Split1 insists that all region names common to both old and new sets are linked by a 1-to-1 mapping. 


� In the archive at http://www.copsmodels.com/archivep.htm#TPMH0104


� By "zeros or tiny numbers" is meant: small relative to the original flows. Use ViewHAR's File...Options command to cause the minimum, maximum and total values and the number of negatives to appear on the Contents screen.
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