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The TERM database architecture contains two features. First, in order to reduce the dimensions of a multi-regional database, TERM uses the common sourcing assumption. The advantage of this can be explained by considering a USE matrix for a database that includes 50 industries/commodities, 4 final users and a single region plus sourcing from imports. The dimensions of this USE matrix are 50 commodities x 2 sources x 54 users (industries + final users) x 1. If there are 20 regions, the USE matrix will expand to 50 x 2 (domestic/import) x 54 x 20 x 20. Going from one region to 20 regions will increase the matrix by 400-fold. 

In order to reduce database dimensions, TERM uses the common sourcing assumption to assign flows of commodities to users. This assumption is that each user of a commodity in a given region sources that commodity from all other regions in common proportions. In our example above, the USE matrix with 50 sectors and 20 regions contains 2.16 million data cells. The common sourcing assumption breaks this matrix into two, a USE matrix that includes the commodity, user and destination details but not the regional origin (=50x2x54x20) and the TRADE matrix that includes the commodity, source and destination, but not the user (=50x2x20x20). The two matrices combined included 0.148 million cells, almost a 15-fold decrease in database size relative to including the user, source and destination details in a single matrix. An additional market clearing equation is required to ensure that the USE matrix summed across users is equal to trade flows inclusive of margins summed across the origins of goods and services.

The second feature of TERM is that the supplied margins can originate in a region other than the origin or destination of the delivered good or service.
 Although this database matrix forms part of a market clearing equation that also invokes the common sourcing assumption, thereby reducing the required database size, the margins source information in the supply matrix (SUPPMAR in the TERM code) adds a dimension not found in other multi-regional CGE models, notably MMRF-Green (Adams et al., 2012).

The database size saving advantage of TERM over MMRF arising from the common sourcing assumption increases as the size of the database increases. But as the number of regions in a TERM-style database increases, SUPPMAR as a share of the total database size increases. There is no such issue with an MMRF-style database. The implication of this is that the database size ratio of MMRF/TERM does not increase continuously as the number of regions increases. Instead, there is a turning point, beyond which the MMRF/TERM database size ratio decreases. This turning point may occur within the dimensional range of master databases that have been devised for practical applications at the Centre of Policy Studies. 

The issue with generating master databases is that the larger the dimensions of the database, the more taxing of computing memory will be the generation of the database. It is common practice to generate master databases that are much larger than we could ever solve in a simulation. The master database is a resource that is aggregated routinely so as to represent sectors and regions of interest for a particular application.

Table 1: A program to calculate database dimensions for TERM and MMRF

File InFile #  input file #;
(new) Outfile;
Set DIM # Dimensions # read elements from file InFile header "DIM ";
Set EXMP # Example # read elements from file InFile header "EXMP";
Coefficient
(all,e,EXMP)(all,d,DIM) SIZEs(e,d) # Dimensions for database size check #;
nOCC;
Read SIZEs from file InFile header "SIZE";
Set Shows(MRF, TERM, SuppMar, RatioMT, RatSupTrm);
Set Dim2 = Dim + Shows;
Coefficient (all,e,EXMP)MMRFSize(e);
 (all,e,EXMP)TERMSize(e);
Formula nOCC = 9; !Edit the number of occupations!
Formula (all,e,EXMP)MMRFSize(e) =
!B015, B016, B017,P015, P016, P017,P018 ! 7*SIZEs(e,"nCOM")
+ !SCET! SIZEs(e,"nIND")
+ !CPTL, LAND, OCTS, P028, SLAB, STOK! 6*SIZEs(e,"nIND")*SIZEs(e,"nDST")
+ !BAS4, P044, TAX4! 3*SIZEs(e,"nCOM")*SIZEs(e,"nDST") 
+ !P021! SIZEs(e,"nDST") 
+ !LABR! nOCC*SIZEs(e,"nIND")*SIZEs(e,"nDST")
+ !MAKE! SIZEs(e,"nIND")*SIZEs(e,"nCOM")*SIZEs(e,"nDST")
!BAS1, BAS2, TAX1, TAX2!  + 4*SIZEs(e,"nIND")*SIZEs(e,"nCOM")*SIZEs(e,"nDST")*[SIZEs(e,"nDST")+1]
!BAS3, BAS5, BAS6, TAX3, TAX5, TAX6!+ 6*SIZEs(e,"nCOM")*SIZEs(e,"nDST")*[SIZEs(e,"nDST")+1]
!MAR1, MAR2! + 2*SIZEs(e,"nIND")*SIZEs(e,"nCOM")*SIZEs(e,"nDST")*[SIZEs(e,"nDST")+1]*SIZEs(e,"nMAR")
+!MAR3, MAR5, MAR6! 3*SIZEs(e,"nCOM")*SIZEs(e,"nDST")*[SIZEs(e,"nDST")+1]*SIZEs(e,"nMAR")
  + !MAR4! SIZEs(e,"nCOM")*SIZEs(e,"nDST")*SIZEs(e,"nMAR");
Write MMRFSize to file Outfile header "MMRF";

Coefficient (all,e,EXMP)(all,d,DIM2) DataSIZE(e,d);
Formula  (all,e,EXMP)(all,d,DIM2) DataSIZE(e,d)=0;
(all,e,EXMP)(all,d,DIM) DataSIZE(e,d)=SIZEs(e,d);
(all,e,EXMP) DataSIZE(e,"Mrf")=MMRFSIZE(e);
(all,e,EXMP) TERMSIZE(e)=  !P015, SGDD!2*SIZEs(e,"nCOM")
+ !SLAB,P028!2*SIZEs(e,"nIND")+!1CAP,STOK,1LND,1PTX!4*SIZEs(e,"nIND")*SIZEs(e,"nDST")
+ !PO01,P021! 2*SIZEs(e,"nDST") + !ALCH!SIZEs(e,"nIND")*SIZEs(e,"nCOM")
 +!MAKE,2PUR! 2*SIZEs(e,"nIND")*SIZEs(e,"nCOM")*SIZEs(e,"nDST")+SIZEs(e,"nIND")*SIZEs(e,"nDST")
+!BSMR, UTAX!2*2*[SIZEs(e,"nIND")+4]*SIZEs(e,"nCOM")*SIZEs(e,"nDST")
+!XPEL! SIZEs(e,"nCOM")*SIZEs(e,"nDST")
+!1LND! nOCC*SIZEs(e,"nIND")*SIZEs(e,"nDST")
+ !MARS! SIZEs(e,"nDST")^3*SIZEs(e,"nMAR") + !SMAR! SIZEs(e,"nMAR")
+ !TMAR! SIZEs(e,"nDST")^2*SIZEs(e,"nMAR")*2*SIZEs(e,"nCOM") 
 + !TRAD! SIZEs(e,"nDST")^2*2*SIZEs(e,"nCOM")  ;
(all,e,EXMP) DataSIZE(e,"TERM")=TERMSIZE(e);
(all,e,EXMP) DataSIZE(e,"RatioMT")=MMRFSIZE(e)/TERMSIZE(e);
(all,e,EXMP) DataSIZE(e,"SuppMar")=SIZEs(e,"nDST")^3*SIZEs(e,"nMAR");
(all,e,EXMP) DataSIZE(e,"RatSupTrm")=DataSIZE(e,"SuppMar")/DataSIZE(e,"Term");
Write DataSIZE to file Outfile header "Size";

Table 1 shows the code for a program that calculates the number of database cells in hypothetical MMRF and TERM databases. The output file reports the MMRF/TERM database size ratio for each set of dimensions that are inputs to the program. Finally, it reports the ratio of the SUPPMAR header size to total TERM database dimensions. 

An example

The Centre of Policy Studies has devised a TERM-style master database covering the 436 congressional districts of the United States. The first decision to make in devising this database was to choose an appropriate number of commodities and industries. Estimates of database sizes are important in planning extended databases. A precursor to the program shown in table 1 was used to estimate the database size prior to choosing a 59 sector representation of congressional districts in USAGE-TERM. The mainly state-based master database of USAGE-TERM represents 512 commodities/industries in 70 regions. The 70 region master database contains around 165 million database cells with a total size of 0.7 gigabytes for the header array file. If we were to attempt to represent the same number of sectors with 436 regions, the database would explode to 3,385 million database cells and its total size would exceed 13 gigabytes. 

It appears obvious to aggregate the sectors so as to tackle more manageable dimensions. But the common sourcing assumption carries a heavier burden if commodities are more aggregated. For example, bananas may be fully imported while wheat is an export commodity. The common sourcing assumption may be faulty when applied to two crops for which there is a known disparate geographic sales pattern. However, if a particular database is to be used for a certain group of scenarios, we can devise an appropriate sectoral representation on the basis of scenarios to be run. That is, we can acknowledge that a particular master database would be deficient if we were undertaking scenarios with, for example, a focus on agriculture. Since we use a programmable approach to devise a master database, the process is reproducible and can be repeated if there is a change in emphasis in the sectoral dimension of the scenarios. 

We chose a 59 sector version of the master database for congressional district representation. From the 512 sector national database, the 31 agricultural sectors were aggregated to two as were the 11 mining sectors, on the basis that scenarios using aggregations of the master database would be predominantly urban in nature. The 46 industries covering food, beverages and tobacco products were aggregated to one industry. With the urban emphasis of the proposed scenarios, services remained relatively disaggregated. 

The congressional district master database contains almost 454 million database cells, resulting in a header array file of 1.70 gigabytes.
 According to the program shown in table 1, the SUPPMAR header alone accounts for 73% of the total database size. We can check this estimate against the actual ratio of a header array file containing SUPPMAR alone with the master database. The SUPPMAR file is 1.33 gigabytes, or 78% of the size of the master database, slightly larger than our estimate. The dominance of the overall database size by a single header with three regional dimensions (i.e., origin of margin, origin and destination of commodity) hints that possibly, the existing master database has sufficient regions that the MMRF/TERM database size ratio would decline if we increased the number of regions.

To test this, we run the program coded in table 1 for a database with 59 commodities/regions and 4 margins, from 16 regions up to 614 regions. Figure 1 shows the estimate of the MMRF/TERM and SUPPMAR/TERM ratios across this range of regions. It is evident that the turning point of the MMRF/TERM ratio occurs at a much smaller number of regions than that of the 436-region congressional district master database. The ratio peaks at 73 regions, when the SUPPMAR/TERM ratio is almost 0.25.

Even though the 59/436 congressional district database contains a number of regions far beyond the MMRF/TERM ratio turning point, the hypothetical MMRF version of the master database would still be 18 times as large as TERM. That is, the MMRF version would be more than twice as large as a 512/436 version of the TERM master database (i.e., MMRF 59/436 would be approximately 33 gigabytes compared with approximately 13 gigabytes for TERM 512/436).

The SUPPMAR/TERM has ratio has reach 0.8 (which may be a small underestimate, based on the actual ratio for the congressional district master database) by the time we reach 614 regions, while the MMRF/TERM ratio has fallen below 14.0. The latter appears to decline continuously as the number of regions increases, dominated by increasing size of SUPPMAR. This suggests that eventually, we will reach a number of regions at which the MMRF database is smaller than TERM.
Figure 1: Database ratios for 59 sectors and 4 margins (from 16 to 614 regions)
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Figure 2: Database ratios for 59 sectors and 4 margins (from 10,000 to 15,980 regions)
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Figure 2 shows the MMRF/TERM database size ratio over a much larger number of regions. The ratio eventually falls below 1.0 when the regions exceed 10,560. At this point, the SUPPMAR header accounts for 98.6% of the entire database size.

Conclusion

This note has concentrated on the dimensions of possible master databases rather than on the dimensions of typical aggregations used in regional CGE modelling. Master databases are far too large to run in a model at their full dimensions. One major contribution of the TERM approach to multi-regional modelling has been to increase the plausible number of sectors and regions that can be run in a model. Horridge et al. (2005) in the first application of TEMR used a relatively large aggregated database, which contained 38 sectors and 45 regions. For dynamic applications, TERM-H2O is routinely run with 23 regions, 28 commodities and 35 industries. From a practical research perspective concerning the simulation time, the interpretation of results and ease of presentation, this aggregation of TERM-H2O is perhaps as large as one would want a database to be for dynamic analysis. 

There is a relatively small number of sectors in the congressional district representation of the USAGE-TERM master database. Consequently, the MMRF/TERM ratio falls below 1.0 with a relatively few regions. With 100 sectors and 9 margins, the number of regions is almost 24,600 before the MMRF/TERM ratio falls below 1.0. However, when the master database contains 512 sectors and 9 margins, the regions must reach 642,570 for the ratio to fall below 1.0.

There is no evidence that the SUPPMAR matrix will ever raise problems to do with database size in practical simulations. The master database is a resource for undertaking many different studies across different aggregations of sectors and regions. Indeed, even the MMRF/TERM ratio turning point enters the space for a master database only as a consequence of the large number of regions and relatively small number of sectors in the congressional district version of the USAGE-TERM master database. Whereas the turning point for a 59 sector master database arises with only 73 regions, comfortably within the range of master database sizes that already exist, the turning point for the 512 sector example arises only after 418 regions, which at present is beyond the magnitude for which we would attempt to devise a master database. 

The greatest relevance of this note in future modelling developments may be in bringing TERM theory into a global master database with larger dimensions than the present 57 sector, 129 region master database of GTAP.
 While the congressional district version of USAGE-TERM is many-fold larger than this, any practitioners who seek to undertake the task of extending a global database may in first instance seek to enhance the regional detail with a top-down representation. The advantage of top-down modelling is that solutions can be obtained for a large regional database with relatively small computational cost. The disadvantages arise from the theoretical limitations of the top-down approach, which may matter more in some scenarios than others. 

When we extend database dimensions, we are of course relying on increasingly scanty data to impose more sectors and regions on a master database. Inevitably, we will discover deficiencies in the data as we undertake a particular study. Rather than allow this to discourage us from using default assumptions in the absence of more detailed information, we add improved estimates to the database as they emerge. A master database is a practical tool for modelling, not a storehouse of absolutely accurate data. Through what we discover while undertaking scenario analysis, we can improve the quality of a database.

Finally, in extending the dimensions both of master databases and aggregations of the database suitable for modelling, appropriate software is necessary. GEMPACK has an unequivocal advantage over competing software used in CGE modelling as database dimensions increase (Horridge et al., 2012).
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� Electricity transmission and distribution in the ABS input-output table is now treated as a margin, distinct from electricity generation.


� Since SUPPMAR depends on the number of margins and regions only, a doubling of the sectors to 120 would increase the master database by around only 35%, to 2.3 Gb, SUPPMAR would remain the same size.


� See https://www.gtap.agecon.purdue.edu/databases/v7/.
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