	
	


	
	



C
Model modification and database extension
The purpose of this modification is to add a capital ownership dimension to the GTAP model, which allows model users to trace capital or investment movements across regions in a simulation. This modification does not alter the behavioural assumptions about any economic agent adopted in the GTAP model structure. 

To implement the modifications, the GTAP model code needs to be modified and extended to incorporate the bilateral capital stocks and investment flows to be introduced into the model database. 
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Bilateral capital and investment mobility

Bilateral capital stock mobility

The modification is related to two GTAP variables: the rental price of capital pm("capital",s) and the demand for capital qo("capital",s). It is assumed that capital stock used in each region is a combination of foreign owned capital and domestically owned capital. This implies that the capital owner of each region could own capital assets used in foreign regions.

To introduce bilateral capital ownership, the original (read-in) regional capital stock vector in the database (VKB(s)) is replaced by a new bilateral capital stock matrix (VKB_(r,s)). The original coefficient VKB(s) is redefined as

Formula (all,s,reg)
  VKB(s) = sum{r,reg, VKB_(r,s)};
It is assumed that firms in each region source their capital not only from their home region but also from foreign regions. A CES function is used to define the demand of destination region s for capital stock from source region r.

Equation E_qK (all,r,reg)(all,s,reg) 
  qK(r,s) = qo("capital",s) - CES_cap(s) * [pK(r,s) - pm("capital",s)];
where qK(r,s) is a variable for the capital stock owned by region r and used in region s;
           pK(r,s) is a variable for the rental price of capital from region r to region s;
           CES_cap(s) is a coefficient (parameter) for CES substitution elasticities;
           qo("capital",s) is a GTAP variable for the total demand for capital by destination region s;
           pm("capital",s) is a GTAP variable for rental price of capital. In equilibrium, it is equal to a CES rental price index, that is,
Equation E_pm_cap (all,s,reg)
  pm("capital",s) = sum{r,reg, VKB_(r,s)/sum{k,reg,VKB_(k,s)} * pK(r,s)};
If regional capital stocks are assumed to be mobile in a simulation, regional capital owners can reallocate their capital stocks to any region that generates the highest returns. As a result, the rates of return to capital, owned by a given region, will be equalised worldwide in a new equilibrium. This equilibrium condition is captured in the following equation,

Equation E_rorc_2 (all,r,reg)(all,s,reg)
  rorc_(r,s) = rorc_s(r);
where rorc_(r,s) is a new two-dimensional variable to replace the GTAP variable rorc(s) (the rate of actual return to capital) and rorc_(r) is a new variable for the average rate of return to all capital that accrues to each owner region r. The definition of  rorc_(r,s) follows that of the GTAP model for rorc(s), 

Equation E_rorc_ (all,r,REG)(all,s,reg)
  rorc_(r,s) = GRNETRATIO_(r,s) * [pK(r,s) - pcgds(s)]; 
where GRNETRATIO_(r,s) is a new coefficient with two regional dimensions for the ratio of gross to net return to capital, used to replace the GTAP coefficient GRNETRATIO(s). 

Bilateral investment mobility

In the GTAP model, regional savings are internationally ‘mobile’ through investing in an implicit ‘global bank’. The modifications of saving and investment flows are related to chapter 4 of the GTAP model code titled “Investment, global bank and savings”.

To introduce bilateral foreign investment flows, each region is allowed to invest its gross savings across all regions (including its home region) to maximise its expected returns. A CET supply function is used to define the investment in destination region s of gross savings from source region r, that is, 

Equation E_vGINV (all,r,reg)(all,s,reg)
  vGINV(r,s) = vGSAV_s(r) + CET_INV(r) * [rore_(r,s) - rore_s(r)];
where vGINV(r,s) is a variable for nominal gross investment from source region r to destination region s;
           vGSAV_s(r) is a variable for nominal total gross savings from source region r;
           CET_INV(r) is a coefficient (parameter) for CET transformation elasticities;
           rore_(r,s) is a variable for expected rate of return to investment from source region r in destination region s;
           rore_s(r) is a variable for the average expected rate of return to total investment from region r (a CET price index), defined as 
Equation E_rore_s (all,r,reg)
  rore_s(r) = sum{s,reg, GSavGInv(r,s)
             /sum{k,reg, GSavGInv(r,k)} * rore_(r,s)}; 
where GSavGInv(r,s) is a coefficient for the base-year gross saving-investment matrix, read in from a data file (more details about data below).

The new variable for regional gross saving, vGSAV_s(r), can be derived from the difference between regional gross national product (GNP) (vGNP(r)) and net foreign capital income inflow as follows,

Equation E_vGNP (all,r,reg)
  vGNP(r) = 1/GNP(r) * [GDP(r) * (pgdp(r) + qgdp(r)) 
        + sum{k,reg, CapInc(r,k) * (pK(r,k) + qK(r,k))
                   - CapInc(k,r) * (pK(k,r) + qK(k,r))}];
Equation E_vGSAV_s (all,r,reg)
  vGSAV_s(r) = 1/GSAV_s(r) * { GNP(r) * vGNP(r)
          - sum{i,trad_comm, VPA(i,r) * (pp(i,r) + qp(i,r))}
          - sum{i,trad_comm, VGA(i,r) * (pg(i,r) + qg(i,r))} };
where GNP(r) is a new coefficient for the base-year GNP of region r in purchasers’ prices, defined as GDP in purchasers prices plus net after-tax foreign capital income inflows, 

Formula (all,r,reg)
  GNP(r) = GDP(r) + sum{k,reg, CapInc(r,k) - CapInc(k,r)}; 
where CapInc(r,s) is a coefficient for the base-year income of capital owned by region r and used in region s. 

The GTAP variable rore(s), the rate of expected return to capital, is replaced by a two-dimensional new variable rore_(r,s), defined as, 

Equation E_rore_ (all,r,REG)(all,s,reg)
  rore_(r,s) = rorc_(r,s) - RORFLEX(s) * [qKe(r,s) - qK(r,s)];
where qKe(r,s) is a new variable for the end-of-period capital stock owned by source region r and used in destination region s,

Equation E_qKe (all,r,reg)(all,s,reg)
  qKe(r,s) = 1/ID01[NSavNInv(r,s) + VKB_(r,s)] 
                 * [NSavNInv(r,s) * qNINV(r,s) + VKB_(r,s) * qK(r,s)];
where NSavNInv(r,s) is a new coefficient for the net saving-investment matrix and qNINV(r,s) is a new variable for real net investment. Net investment is defined as gross investment net of capital depreciation,

Equation E_qNINV (all,r,reg)(all,s,reg) 
  qNINV(r,s) = 1/ID01[GSavGInv(r,s) - VDEP_(r,s)]
      * [GSavGInv(r,s) * qGINV(r,s) - VDEP_(r,s) * qK(r,s)]; 
where VDEP_(r,s) is a new coefficient for capital depreciation, read in from the new data file. In this modelling, the depreciation rates are consistent across source and destination regions and are equivalent to the rates in the GTAP database. 

To comply with bilateral investment flows, the GTAP variable for net saving price, psave(r), needs to be redefined, because this variable now refers only to source, not destination, regions. The price of net saving, generated in source region r, is defined as the price of gross saving net of depreciation,

Equation E_psave (all,r,reg)
  psave(r) = 1/[GSAV_s(r) - sum{s,reg, VDEP_(r,s)}]
* [GSAV_s(r) * pGSAV_s(r) - sum{s,reg, VDEP_(r,s) * pK(r,s)}];
where pGSAV(r) is a variable for the price of gross saving, generated in source region r. It can be derived from the price of GNP, net of private and public consumption, as follows,

Equation E_pGSAV_s (all,r,reg)
  pGSAV_s(r) = 1/GSAV_s(r) * { GNP(r) * pGNP(r)
          - sum{i,trad_comm, VPA(i,r) * pp(i,r)}
          - sum{i,trad_comm, VGA(i,r) * pg(i,r)} };
Similar to nominal GNP vGNP(r), GNP deflator pGNP(r) can be derived from the difference between GDP deflator (qgdp(r)) and the rental price index for net foreign capital income inflows, 

Equation E_pGNP (all,r,reg)
  pGNP(r) = 1.0/GNP(r) * [GDP(r) * pgdp(r) 
+ sum{k,reg, CapInc(r,k) * pK(r,k) - CapInc(k,r) * pK(k,r)}];
GTAP variables kb(s) and ke(s) are redefined as the sums (over regions r) of the new variables qK(r,s) and qKe(r,s). 

An equation to sum qGINV(r,s) over source region r is used to link the new bilateral investment flow variable qGINV(r,s) with the GTAP investment variable qcgds(s),

Equation E_qcgds (all,s,reg)
  qcgds(s) = sum{r,reg, GSavGInv(r,s)
       /ID01(sum{k,reg, GSavGInv(k,s)}) * qGINV(r,s)}; 
To link investment flows to capital stocks, a new variable for the ratio of bilateral net investment flows to bilateral capital stocks could be introduced, 

Equation E_r_inv_cap (all,r,reg)(all,s,reg)
  r_inv_cap(r,s) = qNINV(r,s) - qK(r,s); 
This variable may be useful for some closure option that allows capital stocks to follow international investment movements, or vice versa; however, this equation is inactive for this modelling.
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Bilateral capital and investment data

To introduce bilateral investment behaviour and capital accumulation, two sets of new data are needed: a bilateral capital stock matrix and a saving-investment matrix. 

The primary sources of foreign capital stock and investment flow data include IMF’s Balance of Payments Statistics (BoPS) (IMF 2010) and UNCTAD’s FDI database. 

Some research institutes have used the data from the above sources to construct their own capital and investment databases. These include foreign capital income shares in the GDyn database and bilateral FDI stock and flow matrices complied by Boumessalla, Gouel and Laborde (2007) of the CEPII. Useful information has been extracted from these data sources in constructing the following capital stock and investment flow databases.

Bilateral capital stock data

This is an extension of the GTAP coefficient for capital stocks VKB(s) from a one-dimensional vector to a two-dimensional matrix, denoted as VKB_(r,s). In the new matrix, the integrity of the original GTAP capital stock data is preserved, that is, 

Formula (all,s,reg)
  VKB(s) = sum{r,reg, VKB_(r,s)};
The procedure has five steps:

1. Use the shares of domestic capital in total capital income from the GDyn database to split the GTAP regional capital stock data (VKB(s)) into domestic capital stocks (diagonal), foreign capital stocks used (row totals) and foreign capital stocks owned (column totals). 

2. Use the international investment position data in the BoPS to split foreign capital stocks into FDI and non-FDI stocks.

3. Use the BoPS FDI stock data and the FDI stock matrix from the CEPII as a base for the RAS procedure to create a FDI stock matrix.

4. Use the BoPS non-FDI stock data and the trade matrix, derived from the GTAP database, as a base matrix for RAS to crease a non-FDI stock matrix.

5. The final capital stock matrix VKB_(r,s) is the sum of the domestic capital stock matrix (diagonal), the FDI stock matrix and the non-FDI stock matrix. 

Table 
C.1 is a version of the final capital stock matrix aggregated over source region. 

Table C.
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Composition of capital stock in each region

	Region
	Domestic capital
	            Foreign capital

	
	
	Non-FDI capital
	FDI capital

	
	%
	%
	%

	Australia
	71.4
	20.2
	8.4

	New Zealand
	71.3
	18.8
	9.9

	China
	94.6
	2.3
	3.1

	Hong Kong
	32.1
	35.6
	32.3

	Japan
	96.8
	3.0
	0.1

	Korea
	95.4
	3.6
	1.0

	Taiwan
	82.4
	14.7
	3.0

	Indonesia
	85.7
	13.0
	1.3

	Malaysia
	64.7
	24.4
	10.9

	Philippines
	89.0
	9.1
	1.9

	Singapore
	38.6
	36.0
	25.4

	Thailand
	75.6
	14.1
	10.2

	Bangladesh
	96.9
	2.7
	0.4

	India
	95.5
	3.6
	1.0

	Rest of Asia & Oceania
	89.0
	8.6
	2.5

	Canada 
	73.5
	17.7
	8.8

	United States
	78.5
	18.2
	3.2

	Mexico 
	82.5
	9.5
	8.0

	Brazil
	81.4
	11.9
	6.7

	Rest of America
	73.8
	15.7
	10.5

	European Union (25) 
	61.8
	31.3
	6.9

	Russia
	87.6
	8.7
	3.6

	Rest of Europe
	73.1
	22.2
	4.7

	South Africa
	86.4
	7.8
	5.8

	Rest of Africa
	84.2
	10.0
	5.8

	World average
	76.7
	18.6
	4.7


Source: Derived using data from various sources.
Bilateral saving-investment data

To model bilateral investment behaviour, a bilateral gross saving-investment matrix is required. The derivation of this matrix is based on an accounting principle of the BoPs, that is, the current account deficit has to be offset by the capital and financial account surplus. As the GTAP database already contains bilateral trade flows, the GTAP trade matrix can be used as a base for compiling the required saving-investment matrix. 

The procedure can be summarised in eight steps (figure 
C.1):

· 1. Split the GTAP trade margin export data VST(m,r) into a matrix of transport services from exporting regions to importing regions.

· 2. Create a bilateral trade matrix by adding the transport margin matrix to the GTAP export data VXWD_i(r,s).

· 3. Split the regional capital income VOA_i(r) in the GTAP database into a bilateral income transfer matrix using the shares from the capital stock matrix. 

· 4. Combine the two matrices from steps 2 and 3 to create a bilateral current account matrix.

· 5. Use the bilateral current account matrix to derive a bilateral current account surplus matrix. Note that this matrix provides information on how a region’s gross savings are invested in foreign regions.

· 6. Use regional gross savings and the current account surplus matrix to derive the regional gross savings that are invested in their own home regions. These are used to file the diagonal of the current account surplus matrix. This results in a gross saving-investment matrix, GSavGInv(r,s). Its row totals are equal to regional gross savings while its column totals are equal to regional gross investment.

· 7. Because this matrix is based on the current account surplus matrix, the gross saving-investment matrix contains many zero cells (300 in the current 25 country/region aggregation) . In other words, it shows only the net (one-way) flows of savings from source regions to destination regions. Ideally, such a matrix should contain gross flows of savings. In the absence of information on bilateral flows of gross savings, one can only use any available bilateral investment flow data to fill the zero cells. One such option is to use the FDI flow matrix from the CEPII 
 because FDI flows are an integrated part of total investment flows. 

· 8. The FDI flows are incorporated into the gross saving-investment matrix (from step 6 above) in such a way that preserves the integrity of the row and column totals of the original gross saving-investment matrix. This is the final gross saving-investment matrix to be used with the modified model. 

The row and column totals of the final capital stock matrix and the gross saving-investment matrix are presented in table 
C.2. It can be verified that the new database is an extension of the original GTAP database: regional capital stocks used (the second column) and regional investment flows (the fourth column) correspond respectively, to the capital stock VKB(s) and investment data VFA_i(s) in the GTAP database.
Figure C.
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Compiling a gross saving-investment matrix
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Table C.
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Capital stocks and investment flowsa
	Region
	          Capital stock
	Gross saving-investment

	
	Owned
	Usedb
	Saving
	Investmentb
	Inflowc

	
	US$ bn
	US$ bn
	US$ bn
	US$ bn
	US$ bn

	Australia
	1,375.4
	1,669.8
	109.1
	156.5
	47.4

	New Zealand
	191.3
	249.8
	13.6
	21.4
	7.8

	China
	3,888.8
	3,954.3
	767.0
	688.2
	-78.7

	Hong Kong
	471.1
	450.0
	39.6
	33.7
	-5.9

	Japan
	18,312.2
	16,803.6
	1,392.3
	1,095.0
	-297.4

	Korea
	1,998.3
	2,003.8
	245.6
	194.8
	-50.8

	Taiwan
	570.6
	576.0
	93.1
	54.9
	-38.2

	Indonesia
	472.8
	542.5
	44.9
	49.3
	4.4

	Malaysia
	260.5
	332.4
	56.0
	17.3
	-38.7

	Philippines
	222.7
	225.0
	14.5
	14.1
	-0.4

	Singapore
	254.8
	311.8
	24.3
	31.4
	7.1

	Thailand
	441.6
	523.9
	44.2
	40.3
	-3.9

	Bangladesh
	125.1
	128.2
	10.6
	13.6
	3.0

	India
	1,327.3
	1,368.0
	124.5
	156.4
	31.9

	Rest of Asia & Oceania
	2,738.7
	2,816.2
	281.8
	253.1
	-28.7

	Canada 
	2,195.8
	2,464.2
	186.7
	205.6
	18.8

	The United States
	26,883.3
	26,138.0
	1,801.7
	2,198.5
	396.7

	Mexico 
	1,717.6
	1,943.5
	125.6
	139.4
	13.8

	Brazil
	1,474.0
	1,772.8
	122.2
	122.0
	-0.3

	Rest of America
	1,821.2
	2,231.9
	139.3
	180.9
	41.5

	European Union (25) 
	36,894.1
	37,004.8
	2,499.0
	2,535.2
	36.2

	Russia
	1,243.6
	1,330.5
	163.8
	106.5
	-57.3

	Rest of Europe
	4,064.1
	3,864.9
	285.2
	263.5
	-21.7

	South Africa
	652.9
	713.8
	33.5
	35.1
	1.6

	Rest of Africa
	1,610.5
	1,788.8
	111.5
	123.3
	11.7

	World
	111,208.5
	111,208.5
	8,729.7
	8,729.7
	0


a Expressed in 2004 US$ b Regional capital stocks used and investment flows are consistent, respectively, with VKB(s) and VFA_i(s) in the GTAP database. c Regional foreign investment inflows are equal to the difference between regional investment and saving. 

Source: Derived on data from various sources.
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�	RAS is a method used to adjust input-output tables


�	The original FDI flow matrix has been adjusted to be consistent with the FDI shares from IMF’s BoPS. 
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