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Abstract
This paper develops a methodology to predict and to thus possibly mitigate the economic impacts of major catastrophes, such as earthquakes and tsunamis. The short-run impacts are assumed to be determined by the attempts of economic actors to return to the pre-catastrophe economic situation as closely and as quickly as possible. We propose to model these behavioural reactions by a non-linear program that minimizes the weighted sum of the logarithms of the deviations between the post- and the pre-catastrophe size of all economic transactions in the economy at hand, subject to a Walras-Leontief production function per regional industry, a minimal size of regional final demand by product and a positive trade balance. The non-linear program is considered to be representative of the short-run equilibrium of the economy at hand, if its base scenario solution closely resembles the base year interregional input-output table of the country at hand. 
The methodology will be tested by means of the comparison of the base scenario with a series of scenarios with regional production shocks and interregional infrastructure shocks to the Japanese interregional, interindustry economy of 2005. The impacts of these shocks will be evaluated by means of the changes in, respectively, regional value added, the output price by regional industry.
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1.	Introduction
The basic idea is to capture the short-run equilibrium changes that would occur after a major disaster, such as the 2011 tsunami in Japan. The earthquake and tsunami that struck Japan on March 2011 caused a tragic loss of property and life. In the short-run it is plausible that all economic actors (firms, households, various governments) will try to return to a situation that is as close to the pre-disaster situation as possible. The earthquake and tsunami that struck Japan on March 2011 caused a tragic loss of property and life. To describe this situation, we will use the interregional input-ouput table for Japan for 2005. Utilizing interregional input-output model is to estimate of domestic impacts of the supply shock due to the unscheduled natural disasters. The aim of this paper is to study the economic impacts of production and infrastructure shocks of the natural disaster in general with the interregional input-ouput table for Japan for 2005.
Ideally, estimating these impacts requires the ‘bottom-up’ interregional computable general equilibrium (CGE) model, for instance, TERM model (Horriidge, et al., 2011). In fact, different versions of such a model are needed to model the short run as opposed to the longer run impacts, because short run substitution elasticities are much closer to zero than their longer run equivalents, while in the long run more variables need to be determined endogenously. Such CGE models, however, are difficult and rather costly to estimate, even if the essential data, such as interregional social accounting matrices (SAMs), are available (Oosterhaven et al., 2013). 
In fact, in the simpler interregional input-output (IRIO) model, the theoretical foundation to assume the fixed trade coefficients is much less relevant than the assumption of the fixed technical coefficients (Oosterhaven & Polenske, 2009). A second problem of the IRIO model is that the standard demand-driven model is only suitable to estimate the interregional, interindustry impacts of the exogenous change of the final demand in the region and industry where occurs. The impact of an exogenous change in intermediate demand may be estimated with the IRIO model. However, that requires ad hoc adjustment to prevent for double counting. In addition, the more important forward impacts of supply shocks from the region due to the disruption of the natural disaster cannot be estimated by the standard demand-driven IRIO model (Oosterhaven et al., 2013).
Unfortunately, the alternative of using the supply-driven version of the IRIO model (Bon 1988), to add an estimate of the forward impacts to the backward impacts estimated by the demand-driven version, is unacceptable for two reasons. Primarily, because both versions are fundamentally at odds with one another, implying that if the one version is a true representation of reality, the other version is false by definition (Oosterhaven, 1996). This observation has important implications for standard key sector analyses that, without much discussion, often simply add and average the multipliers from these two IO models (see Temurshoev & Oosterhaven, forthcoming, for a critical account). The second reason is that the supply-driven IO model used alone is extremely implausible in that it assumes a single homogeneous input with infinitely large demand elasticities, i.e. cars may drive without gasoline and factories may work without labour (see Oosterhaven 2012; Oosterhaven, et al., 2013, for a recent account).
The hypothetical extraction method (HEM) qualifies how much an economy’s total output would hypothetically decrease if an industry were to be ‘extracted’ from that economy. By extracting the industry, both the local purchases by the industry (i.e. backward linkages), and the local sales from the industry (i.e. forward linkages), are eliminated, or and hypothetically transformed from local purchase and sales transactions into imports and exports (Schultz, 1977). At first sight, the hypothetical extraction method (HEM) seems to be applicable to the forward impacts of supply shocks from the region due to the disruption of the natural disaster (Paelinck et al., 1965, Strassert, 1968). However, interpreting the extraction of a row of the IO matrix in the demand-driven model as measuring the forward impacts is based on the same misunderstanding as interpreting the row sum of the Leontief-inverse to represent the forward linkages of that industry (Rasmussen 1956, Oosterhaven et al. 2013).
A further restriction of the HE method is that it is only applicable to open economies, because it needs the mostly implicitly made assumption that the extraction of a row of IO matrix is fully compensated by an equally large increase in the corresponding row of the matrix with foreign imports. This restriction, the same time, represents an advantage in that implies that the HE method combines the Leontief technology assumption of fixed technical coefficients with fully flexible trade coefficients (Oosterhaven et al., 2013). 
Oosterhaven (1988) uses part of these ideas in his elaborate method to measure both the supply and the demand effects of an exogenous drop in primary inputs. He uses the HE combination of fixed technical coefficients and flexible trade coefficients, but adds reciprocal technical (i.e. processing) coefficients to capture the forward impact on purchasing industries, while he allows for partial import substitution that is compensated by partial export substitution (i.e. reduction) to supply the missing inputs. The disadvantage of his method, however, is that it requires a series of case-specific assumptions that all need considerable additional information (Oosterhaven et al., 2013).
Batten (1982, chapter 5) shows how the principle of minimum information gain (cf. Theil 1967) may be used to estimate intra- and interregional trade flows in various IRIO settings. When no prior information is given, simple contingency table analysis provides a solution. The maximum entropy method (cf. Wilson 2000, chapter 6) is used when the maximum capacity of the regional transport nodes is given, while minimizing the information gain is used when a base year IRIOT is given. The latter principle is also applicable to a situation when a shock to an IRIO system results in lower production and transport capacities with an unknown new pattern of intra- and interregional trade flows. What Batten does not provide for, but what is additionally needed to model the impacts of natural disasters, is the possibility of endogenous production levels in the non-impacted industries and regions (Oosterhaven et al., 2013).
In this paper, we propose to combine the above building blocks (fixed technical coefficients, flexible trade coefficients, partial import and export substitution, and the principle of minimum information gain) in such a way that the outcome gives a reasonable estimate of the economic impacts of a natural disaster, without having to fall back of a series of case-specific assumptions or having to build a full fledge disaggregate computable general equilibrium model. In fact, we propose to build a kind of interregional input-output computable general equilibrium model that combines the simplicity of the IRIO model with the greater plausibility of the CGE approach (Oosterhaven et al., 2013). 
In Section 2, we present the model. Section 3 presents the outcomes of a series of hypothetical shocks to the 2005 Japan interregional inter-industry economy as a whole, and discusses the plausibility of these outcomes. Section 4 concludes.

2.	Methodology 
We propose to measure the difference between the before and after economic situation by means of the well-known information measure of Theil (1967). Kullback (1959) first presented a measure of information gain which relies on the assumption that information is a relative quantity, and compares probabilities before and after an observation (Batten, 1983, p.28). In the application, we will study the impacts of a series of natural disasters by means of calculating the distance between the pre- and the post-disaster interregional IO table (IRIOT) for Japan in 2005. 
In order to accept matrices with both positive and negative entries, GRAS approach was proposed by Junius and Oosterhaven (2003). GRAS updates IO matrices iteratively, however, the objective function of GRAS is questionable since it is biased.  We use the objective function of the improved GRAS (IGRAS, Huang et al., 2008, 113-114). It is a convex function and the function value would be minimum if the target matrix is exactly equal to the original one. We use the IGRAS measure and not their comparably well performing improved normalized squared differences (INSD), because INSD treats positive and negative deviations from the base IRIOT symmetrically, whereas IGRAS puts a heavier penalty on negative deviations (Oosterhaven et al., 2013, 3-4).
In summary, we thus minimize the information loss of the post-disaster IRIOT compared to the pre-disaster IRIOT:
,                             	(1)
where: z = intermediate demand, y = regional final demand, e = foreign exports, and v = gross value added at market prices, with i,j = 1, …, I, with I = number of industries, with r = 1, …, R+1, with R = number of regions and R+1 = foreign countries, with s = 1, …, R, with · = an index over which is summed, and with 05 = 2005 year, i.e. the actual values from the base year IRIOT. Note that the summations over the regional origin index r thus include a full matrix of foreign imports, whereas the summation over the regional destination index s excludes foreign exports. The reason for this different treatment is that IRIOTs usually aggregate foreign exports into a single column. Furthermore, note that adding the single terms with the exogenous IRIOT values just before the right hand square brackets in (1) does not influence its solution. It only secures that the minimum of (1) for the pre-disaster IRIOT is zero.
The first restriction to minimizing (1) is that all transaction variables are semi-positive, which implies that changes in stocks are excluded from the model. This exclusion is justified by the fact that changes in stocks, as a rule, do not represent economic transactions, for which we assume that economic actors try to maintain them as much as possible. Furthermore, in all scenarios we minimize (1) subject to the following additional constraints.
The second restriction is that we assume cost minimization under a Walras-Leontief production function, per input, per industry, per region, which results in (Oosterhaven 1996):
 　	                                                                                      	(2)
where additionally x = total output, a = intermediate inputs per unit of output, and c = value added per unit of output, with a and c being calculated from the IRIOT at hand as  and. Note again that r runs until R+1, and thus includes foreign imports. 
The third restriction is that we assume that the economy is in a short run equilibrium, i.e. that demand equals supply, per industry, per region:
.		                                                                                          (3)
Note that the combination of the constraints (2) and (3) secures that total input equals total output for each regional industry, as +, i.e. the IO accounting identities of the IRIOT are satisfied by the non-linear program (1)-(3). 
In a first test of this model with a hypothetical 2 region, 2 industry economy, it was shown that adding minimal final consumption by product by region, and, especially, also that adding a positive foreign trade balance restriction lead to less plausible outcomes (Oosterhaven et al., 2013). Therefore, here we only use the three basic constrained specified above. This means that we concentrate on the interregional and international trade changes that are likely to occur after a major disaster.
For the Japanese economy, the above-defined base scenario, in fact, exactly reproduces its 9X12 interregional IO table for 2005, as summarized in Table 1. This result should be considered as a condition sine qua non of having a plausible model.
The prime purpose of our model is to analyse the difference between the base scenario and any series of disaster scenarios. In the further plausibility tests of our model, we will make a comparison with two types of disaster scenarios that consist of solving (1)-(3) with the following constraints added:
1.	A production shock that nullifies all output of region r:
                                                                                                                                                            (4)
This scenario may be run for each of the nine Japanese regions.
2. 	An infrastructure shock that nullifies all transport from region r to region s:
		                                                                                                                    (5)
For each of the nine Japanese regions, we will define a set of interregional connections rs that will likely be broken in case of a disaster within region r.

3.　　Empirical results

Next to the difference in the value of (1) between the base scenario and the 2x9 disaster scenarios, analogous differences for the Japan nine regional value added totals () will be studied. 
Before we do that, we first discuss the properties of the short run non-disaster equilibrium, i.e. the base scenario.
· Japanese nine regions have twelve industrial sectors in each region in 2005 Japan interregional input-output table. We aggregate the industrial sectors from twelve to three sectors in every nine Japanese regions (The 2005 Japan IRIOT, see Figure 1 and Table 1).
· [bookmark: _GoBack]Sector 1 is agriculture, forestry and fishery industry. Sector 2 is mining, manufacturing, and construction industry. Sector 3 is service industry.
· Region 3(Kanto) is the economically largest region,
· Possible re-exports of foreign imports are assumed to be zero,
· Total input equals total output for each industry, in each region.

Figure 1.  The Japan nine regions of the 2005 IRIOT.
[image: G:\C6FCCBDCC3CFBFDE.bmp]
R1. Hokkaido
R2. Tohoku (Aomori, Iwate, Miyagi, Akita, Yamagata, Fukushima)
R3. Kanto (Ibaraki, Tochigi, Gunma, Saitama, Chiba, Tokyo, Kanagawa, Niigata, Yamanashi, Nagano, Shizuoka)
R4. Chubu (Toyama, Ishikawa, Gifu, Aichi, Mie)
R5. Kinki (Fukui, Shiga, Kyoto, Osaka, Hyogo, Nara, Wakayama)
R6. Chugoku (Tottori, Shimane, Okayama, Hiroshima, Yamaguchi)
R7. Shikoku (Tokushima, Kagawa, Ehime, Kochi)
R8. Kyushu (Fukuoka, Saga, Nagasaki, Kumamoto, Oita, Miyazaki, Kagoshima)
R9. Okinawa
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Table 1. 2005 Japan interregional input-output table
Unit: Billion Yen
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Table 2. Industrial sectors of Japan interregional input-output table
	
	Industry

	I1
	Agriculture, forestry and fishery

	I2
	Mining, Beverages and Foods, Metal products, Machinery, Miscellaneous manufacturing products, Construction


	I3
	Public utilities, Commerce and transport, Finance and insurance and real estate, Information and communications, Service Industries



The short run post-disaster equilibrium of a production shock (PS) in Region 3 (R3 Kanto) is shown in Table 3, while the shadow prices of the constraints, i.e. the marginal cost of the constraints in terms of the goal function(1), are shown in Table 4. The volume of output change due to the disruption of a production shock is only a little bit changeable in Table 3. 
As for the foreign imports of intermediates goods, the volumes of post-disaster scenario due to a production shock to R3 is as about the same as the base scenario. Besides, the foreign imports of domestic final goods is as about the same as the base scenario.
And shadow prices in case of a production shock to Region3 are very small values in all sectors for each region. The volume outcomes of a production shock to other regions (R1, R2, R4, R5, R6, R7, R8, and R9) are qualitatively equal to those for R3. 
Table 5 shows costs of deviation (information loss) and shadow prices in the case of the infrastructure shocks. The cost and shadow prices of the infrastructure shock (IS) to the transport links from the bigger R3 (Kanto) => smaller R2 (Tohoku) are about the same values. 
As for the foreign imports of intermediates goods and domestic final goods, it is about the same value as the base scenario.
The same pattern of volume impacts is observed in case of Infra shocks of any other cases.

Table 3.  The 2005 Japan IRIOT after a production shock to Region 3(Kanto)
Unit: Billion Yen
[image: ]

Table 4. Cost of deviation (information loss) and shadow prices in case of a production shock.
[image: ]
Table 5. Cost of deviation (information loss) and shadow prices in case of an infrastructure shock.
[image: ]

Table 6. The 2005 Japan IRIOT after an infrastructure shock to transport from Region 3(Kanto) => Region 2 (Tohoku).
Unit: Billion Yen
[image: ]

The pattern of volume impacts after a production shock and infrastructure shock is only a little changeable from the base scenario when we are test for the 2005 Japan IRIOT.

4.        Conclusion
We have built a non-linear programming model that mimics the short run reactions of firms and households to a disaster in each region of the 2005 Japanese interregional input-output table. We applied the model by hitting an interregional open, nine-region, three-industry economy by nine extreme production shocks and nine infrastructure shocks. 
The volume of output change due to the disruption of a production shock is only a little bit changeable in Table 3. Besides, shadow prices in case of a production shock to Region3 are very small values in all sectors for each region. The volume outcomes of a production shock to other regions (R1, R2, R4, R5, R6, R7, R8, and R9) are qualitatively equal to those for R3.
Table 5 shows costs of deviation (information loss) and shadow prices in the case of the infrastructure shocks. The cost and shadow prices of the infrastructure shock (IS) to the transport links from the bigger R3 (Kanto) => smaller R2 (Tohoku) are about the same values.
The pattern of volume impacts after a production shock and infrastructure shock is only a little changeable from the base scenario when we are test for the 2005 Japan IRIOT.
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R1, I1 R1, I2 R1, I3 R2, I1 R2, I2 R2, I3 R3, I1 R3, I2 R3, I3 R4, I1 R4, I2 R4, I3 R5, I1 R5, I2 R5, I3 R6, I1 R6, I2 R6,I3 R7,I1 R7,I2 R7,I3 R8,I1 R8,I2 R8,I3 R9,I1 R9,I2 R9,I3 y1 y2 y3 y4 y5 y6 y7 y8 y9

R1, I1

246 632 43 17 43 4 42 211 33 9 28 3 10 93 6 9 13 1 5 6 0 31 29 2 0 0 0 242 17 194 15 32 3 1 31 0 5 2058

R1, I2

200 1168 800 15 133 103 12 740 326 4 252 55 2 167 62 1 46 13 2 18 6 4 47 21 0 2 4 4068 119 378 98 126 23 11 46 2 196 9267

R1, I3

206 1418 4308 5 97 95 6 268 322 1 100 73 1 99 82 1 41 27 1 13 8 2 24 25 0 2 4 13720 149 765 191 214 75 19 59 5 173 22599

R2, I1

11 54 5 210 618 56 24 260 57 3 34 3 4 115 8 1 10 3 2 8 2 2 19 4 0 9 0 19 184 166 13 26 8 6 12 1 10 1965

R2, I2

10 97 74 198 2426 1273 29 2540 801 3 418 112 3 362 173 2 157 34 3 41 27 6 165 76 0 2 7 208 6002 2278 337 396 132 69 206 11 2727 21406

R2, I3

7 48 65 174 2847 5808 17 805 976 3 179 91 2 142 100 1 62 37 1 25 18 4 54 48 0 2 4 209 18567 2055 321 317 115 52 145 7 587 33897

R3, I1

7 24 5 5 72 12 214 1323 276 4 54 22 3 49 23 2 8 2 2 8 2 5 22 2 0 2 2 20 32 851 86 83 8 5 7 4 9 3252

R3, I2

36 479 643 78 1847 915 425 33354 14338 19 4669 820 9 3070 1164 6 1315 469 9 398 220 22 1506 932 1 32 105 1084 2051 44621 2759 3210 1126 542 1962 133 20231 144599
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33 305 861 63 1428 1786 383 25185 65281 25 2479 2216 13 1881 2232 13 944 1155 18 430 677 37 812 1655 2 37 140 1026 2734 126851 4323 3516 1556 793 1752 145 7970 260755
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2 9 1 0 3 2 2 67 26 83 473 81 1 40 13 0 7 1 2 5 2 1 4 1 0 0 0 1 6 30 128 18 1 3 2 1 5 1022

R4, I2

16 189 212 10 740 240 40 5989 1545 135 18666 3419 12 3046 876 3 1082 187 5 295 120 12 1181 383 1 23 50 224 341 3276 9276 1300 351 183 584 42 12399 66453

R4, I3

5 38 51 7 125 96 14 753 739 77 6787 9403 5 572 573 4 218 123 4 83 62 10 148 146 0 6 12 148 257 2326 27988 1628 344 162 354 18 2742 56027

R5, I1

1 2 1 2 7 1 2 13 5 1 28 6 46 332 68 1 8 1 1 5 1 1 10 1 0 0 0 5 2 16 15 205 5 4 3 1 2 804

R5, I2

9 160 171 12 518 178 25 4223 1690 13 2580 491 66 10294 4316 11 1291 324 16 538 210 22 872 492 1 29 45 391 488 3634 1479 13570 801 455 1059 74 8493 59041

R5, I3

7 56 106 9 189 165 16 1047 1160 10 931 592 85 8910 19370 8 517 378 11 227 244 19 344 405 0 9 29 222 356 2536 1950 47370 884 513 749 33 2968 92424

R6, I1

1 1 0 1 8 1 4 25 11 1 4 2 2 35 14 49 261 26 4 22 3 7 28 4 0 0 0 2 5 34 8 43 119 9 12 1 4 755

R6, I2

14 85 69 16 218 51 22 2101 430 8 1200 161 16 1743 378 82 7116 1353 32 381 151 81 876 506 1 14 21 152 162 1234 420 844 5162 253 725 30 4865 30974

R6, I3

2 11 12 3 42 31 7 344 306 3 198 90 3 297 238 58 3358 5053 4 84 87 13 176 192 0 5 9 32 86 803 305 650 15795 208 453 8 1138 30105

R7, I1

1 1 1 1 18 3 2 15 11 2 37 12 1 37 21 2 41 11 54 158 23 1 4 1 0 0 0 2 8 36 33 71 32 69 4 1 8 724

R7, I2

2 27 35 2 76 36 7 803 381 2 326 87 5 550 215 4 262 100 57 929 453 8 251 155 0 5 8 30 59 385 132 305 159 2511 174 9 1450 10000

R7, I3

1 5 10 1 22 18 3 149 172 1 91 57 2 144 120 2 123 97 62 1194 2429 4 45 42 0 1 2 18 51 375 167 353 241 8474 115 3 350 14941

R8, I1

6 18 2 5 23 5 4 120 41 2 18 4 5 86 33 4 49 18 2 7 1 225 950 99 1 7 4 9 22 142 15 117 63 5 325 7 16 2458

R8, I2

6 28 33 7 132 44 14 1259 384 3 558 108 5 770 241 16 610 142 6 167 70 333 4296 1812 8 41 38 83 177 974 466 701 377 146 7445 77 5727 27307

R8, I3

2 19 21 4 52 37 9 408 484 3 220 118 3 268 225 4 240 182 3 63 53 241 3741 9274 1 9 23 60 109 1170 423 601 553 130 29380 30 1394 49556

R9, I1

0 0 0 0 0 0 1 6 3 0 1 1 0 1 1 0 0 0 0 0 0 1 7 0 5 34 6 1 1 7 2 3 1 1 1 15 2 105

R9, I2

1 0 0 0 0 2 1 15 8 0 6 1 0 6 3 0 5 0 0 0 0 3 16 7 12 151 174 1 1 13 3 5 1 1 4 764 20 1227

R9, I3

0 0 1 1 2 3 1 24 86 1 10 17 0 11 24 0 3 3 0 1 2 1 10 18 11 184 945 4 7 171 44 62 11 5 44 2624 104 4435

m1

29 73 5 35 101 9 63 390 81 29 162 25 22 162 33 15 77 8 12 34 5 38 162 17 1 5 1 46 34 252 84 102 46 18 67 2 0 2243

m2

81 934 438 64 1792 721 106 13120 4206 37 5594 1245 23 4793 1616 28 4048 603 26 1358 295 97 2282 850 3 137 64 650 934 6782 1319 2449 709 456 1337 43 0 59241

m3

3 21 41 3 38 55 12 835 1606 3 250 228 3 277 405 2 85 96 1 23 29 6 82 140 0 6 18 138 214 3501 681 1144 296 115 451 40 0 10848

VA

1112 3366 14584 1017 7789 22146 1746 48208 164968 537 20101 36484 453 20690 59791 425 8975 19656 378 3476 9740 1223 9146 32244 54 474 2719 0 0 0 0 0 0 0 0 0 491501

Total Input

2058 9267 22599 1965 21406 33897 3252 144599 260755 1022 66453 56027 804 59041 92424 755 30974 30105 724 9996 14941 2458 27307 49556 105 1227 4435 119 33175 205858 53079 79462 28995 15219 47508 4129 73595

Intermediate Input Regional Final Demand

e

Total

output


image5.emf
Production Shock to R1 Production Shock to R2 Production Shock to R3

Value of objective function -2459079.074 -2459078.151 -2459064.443

Supply=Demand for R1, I1 -5.35043E-12 -9.21911E-12 -3.46958E-10

Supply=Demand for R1, I2 -1.81618E-10 -1.85477E-10 -2.01098E-10

Supply=Demand for R1, I3 3.41505E-09 3.41188E-09 3.39927E-09

Supply=Demand for R2, I1 -9.81444E-12 -7.73325E-12 -3.45763E-10

Supply=Demand for R2, I2 -1.65503E-10 -1.63277E-10 -1.87425E-10

Supply=Demand for R2, I3 3.42657E-09 3.42844E-09 3.40666E-09

Supply=Demand for R3, I1 -8.72802E-12 -8.86098E-12 -2.2968E-09

Supply=Demand for R3, I2 4.93846E-09 4.93839E-09 2.83272E-09

Supply=Demand for R3, I3 -9.14658E-09 -9.14661E-09 -1.08571E-08

Supply=Demand for R4, I1 -5.65056E-12 -5.75664E-12 -3.23901E-10

Supply=Demand for R4, I2 -1.5291E-10 -1.52983E-10 -1.81092E-10

Supply=Demand for R4, I3 3.43204E-09 3.43202E-09 3.40329E-09

Supply=Demand for R5, I1 -7.27931E-12 -7.45166E-12 -3.19281E-10

Supply=Demand for R5, I2 -1.48058E-10 -1.48132E-10 -1.76835E-10

Supply=Demand for R5, I3 3.42749E-09 3.42747E-09 3.39651E-09

Supply=Demand for R6, I1 -1.07571E-11 -1.09001E-11 -3.25453E-10

Supply=Demand for R6, I2 -1.46668E-10 -1.46741E-10 -1.76939E-10

Supply=Demand for R6, I3 2.35293E-08 2.35292E-08 2.3503E-08

Supply=Demand for R7, I1 -7.91102E-12 -8.06237E-12 -3.30168E-10

Supply=Demand for R7, I2 -1.66617E-10 -1.66693E-10 -1.89082E-10

Supply=Demand for R7, I3 3.4394E-09 3.43935E-09 3.42401E-09

Supply=Demand for R8, I1 -9.77875E-12 -9.91031E-12 -3.50591E-10

Supply=Demand for R8, I2 -1.42745E-10 -1.42818E-10 -1.74142E-10

Supply=Demand for R8, I3 3.4169E-09 3.41687E-09 3.3876E-09

Supply=Demand for R9, I1 -1.54043E-11 -1.55006E-11 -2.84807E-10

Supply=Demand for R9, I2 -1.01012E-10 -1.01158E-10 -4.58365E-11

Supply=Demand for R9, I3 3.29998E-09 3.29987E-09 3.2903E-09

Production Shock to R4 Production Shock to R5 Production Shock to R6

Value of objective function -2459070.861 -2459072.819 -2459078.852

Supply=Demand for R1, I1 -8.87044E-12 -9.16396E-12 -1.11616E-09

Supply=Demand for R1, I2 -1.85612E-10 -1.8546E-10 -1.88415E-10

Supply=Demand for R1, I3 3.41201E-09 3.41191E-09 3.20502E-09

Supply=Demand for R2, I1 -9.61508E-12 -9.90242E-12 -1.13051E-09

Supply=Demand for R2, I2 -1.65701E-10 -1.65561E-10 -1.07567E-10

Supply=Demand for R2, I3 3.42667E-09 3.42657E-09 3.21498E-09

Supply=Demand for R3, I1 -8.53514E-12 -8.81416E-12 -1.09104E-09

Supply=Demand for R3, I2 4.93826E-09 4.9384E-09 4.99698E-09

Supply=Demand for R3, I3 -9.14648E-09 -9.14659E-09 -9.35355E-09

Supply=Demand for R4, I1 -1.12305E-13 -5.72277E-12 -1.17483E-09

Supply=Demand for R4, I2 -1.4866E-10 -1.52971E-10 -9.8586E-11

Supply=Demand for R4, I3 3.43568E-09 3.43203E-09 3.22795E-09

Supply=Demand for R5, I1 -7.10567E-12 -4.43307E-12 -1.09073E-09

Supply=Demand for R5, I2 -1.48256E-10 -1.45573E-10 -8.26259E-11

Supply=Demand for R5, I3 3.42759E-09 3.42955E-09 3.22433E-09

Supply=Demand for R6, I1 -1.05431E-11 -1.0865E-11 -9.05527E-09

Supply=Demand for R6, I2 -1.46863E-10 -1.46728E-10 -7.49643E-09

Supply=Demand for R6, I3 2.35294E-08 2.35293E-08 1.73545E-08

Supply=Demand for R7, I1 -7.71643E-12 -8.00926E-12 -1.10826E-09

Supply=Demand for R7, I2 -1.66815E-10 -1.6669E-10 -8.46489E-11

Supply=Demand for R7, I3 3.43947E-09 3.43936E-09 3.27063E-09

Supply=Demand for R8, I1 -9.58399E-12 -9.87066E-12 -1.08908E-09

Supply=Demand for R8, I2 -1.42928E-10 -1.42802E-10 -8.59516E-11

Supply=Demand for R8, I3 3.41699E-09 3.41688E-09 3.21933E-09

Supply=Demand for R9, I1 -1.52766E-11 -1.54955E-11 -8.20201E-10

Supply=Demand for R9, I2 -1.01446E-10 -1.0127E-10 3.28112E-11

Supply=Demand for R9, I3 3.29995E-09 3.29986E-09 3.14861E-09

Production Shock to R7 Production Shock to R8 Production Shock to R9

Value of objective function -2459078.151 -2459073.832 -2459049.004

Supply=Demand for R1, I1 -9.29348E-12 -9.11647E-12 -8.9079E-12

Supply=Demand for R1, I2 -1.85506E-10 -1.85512E-10 -1.85408E-10

Supply=Demand for R1, I3 3.41189E-09 3.41192E-09 3.4119E-09

Supply=Demand for R2, I1 -1.00245E-11 -9.83531E-12 -9.64816E-12

Supply=Demand for R2, I2 -1.65613E-10 -1.6561E-10 -1.65524E-10

Supply=Demand for R2, I3 3.42654E-09 3.42658E-09 3.42656E-09

Supply=Demand for R3, I1 -8.93411E-12 -8.7481E-12 -8.50067E-12

Supply=Demand for R3, I2 4.93834E-09 4.93836E-09 4.93829E-09

Supply=Demand for R3, I3 -9.14662E-09 -9.14657E-09 -9.14679E-09

Supply=Demand for R4, I1 -5.85404E-12 -5.69097E-12 -5.46039E-12

Supply=Demand for R4, I2 -1.53023E-10 -1.53013E-10 -1.53041E-10

Supply=Demand for R4, I3 3.432E-09 3.43205E-09 3.43197E-09

Supply=Demand for R5, I1 -7.50084E-12 -7.35388E-12 -7.13121E-12

Supply=Demand for R5, I2 -1.48173E-10 -1.48161E-10 -1.48193E-10

Supply=Demand for R5, I3 3.42745E-09 3.4275E-09 3.4274E-09

Supply=Demand for R6, I1 -1.09864E-11 -1.08363E-11 -1.06127E-11

Supply=Demand for R6, I2 -1.46783E-10 -1.46769E-10 -1.46833E-10

Supply=Demand for R6, I3 2.35292E-08 2.35293E-08 2.35292E-08

Supply=Demand for R7, I1 -6.28871E-12 -7.96379E-12 -7.76856E-12

Supply=Demand for R7, I2 -1.65024E-10 -1.66736E-10 -1.66686E-10

Supply=Demand for R7, I3 3.4408E-09 3.43938E-09 3.43942E-09

Supply=Demand for R8, I1 -9.98902E-12 -7.10004E-12 -9.5429E-12

Supply=Demand for R8, I2 -1.42858E-10 -1.40008E-10 -1.42986E-10

Supply=Demand for R8, I3 3.41685E-09 3.41922E-09 3.41678E-09

Supply=Demand for R9, I1 -1.55917E-11 -1.54235E-11 -3.52696E-12

Supply=Demand for R9, I2 -1.01165E-10 -1.01388E-10 -9.26627E-11

Supply=Demand for R9, I3 3.29988E-09 3.29986E-09 3.30574E-09


image6.emf
Infra Shock to R1=>R2 Infra Shock to R2=>R1 Infra Shock to R2=>R3 Infra Shock to R3=>R2 Infra Shock to R3=>R4 Infra Shock to R4=>R3

Value of objective function -2459078.81 -2459058.7 -2459073.946 -2459075.644 -2459072.54 -2459060.269

Supply=Demand for R1, I1 3.94646E-12 -4.12223E-11 2.17157E-11 -2.73428E-11 2.63862E-12 1.19605E-10

Supply=Demand for R1, I2 -2.43801E-10 -2.75121E-10 -2.21969E-10 -2.53314E-10 -2.03779E-10 -7.82792E-11

Supply=Demand for R1, I3 3.47112E-09 3.43254E-09 3.3746E-09 3.34286E-09 3.29798E-09 3.21217E-09

Supply=Demand for R2, I1 1.52114E-11 -2.20712E-11 -3.18295E-10 1.64085E-11 3.46123E-11 1.12106E-10

Supply=Demand for R2, I2 -1.49378E-10 -1.79011E-10 -4.64316E-10 -1.4617E-10 -9.84893E-11 -6.00974E-11

Supply=Demand for R2, I3 3.38667E-09 3.35681E-09 3.16991E-09 3.49272E-09 3.34044E-09 3.22389E-09

Supply=Demand for R3, I1 1.53541E-11 -6.22604E-12 1.72931E-11 -3.51573E-10 -6.02334E-10 1.11573E-10

Supply=Demand for R3, I2 4.95437E-09 4.93854E-09 4.95885E-09 4.5782E-09 4.50529E-09 5.04472E-09

Supply=Demand for R3, I3 -9.18499E-09 -9.20104E-09 -9.18197E-09 -9.56128E-09 -1.01261E-08 -9.35178E-09

Supply=Demand for R4, I1 1.56701E-11 -2.758E-12 2.48071E-11 5.83872E-12 4.32777E-11 7.20916E-11

Supply=Demand for R4, I2 -1.36974E-10 -1.52805E-10 -1.38084E-10 -1.34974E-10 -8.47939E-11 -1.31322E-10

Supply=Demand for R4, I3 3.3936E-09 3.37755E-09 3.39429E-09 3.39703E-09 3.34526E-09 1.81257E-09

Supply=Demand for R5, I1 1.46683E-11 -5.43836E-12 2.13648E-11 7.43605E-12 3.2947E-11 1.15642E-10

Supply=Demand for R5, I2 -1.3216E-10 -1.47994E-10 -1.33343E-10 -1.30252E-10 -8.58901E-11 -4.18274E-11

Supply=Demand for R5, I3 3.38905E-09 3.373E-09 3.3896E-09 3.39209E-09 3.33722E-09 3.22026E-09

Supply=Demand for R6, I1 1.03057E-11 -9.04261E-12 1.7627E-11 3.19051E-13 1.60486E-11 1.02277E-10

Supply=Demand for R6, I2 -1.30753E-10 -1.46596E-10 -1.31999E-10 -1.29109E-10 -8.48105E-11 -4.03151E-11

Supply=Demand for R6, I3 2.34913E-08 2.3475E-08 2.34926E-08 2.34946E-08 2.34404E-08 2.33237E-08

Supply=Demand for R7, I1 1.54577E-11 -6.06618E-12 1.63606E-11 1.22399E-11 3.51024E-11 1.12756E-10

Supply=Demand for R7, I2 -1.51177E-10 -1.66785E-10 -1.51391E-10 -1.49404E-10 -1.06397E-10 -6.32085E-11

Supply=Demand for R7, I3 3.40216E-09 3.38593E-09 3.40525E-09 3.40461E-09 3.3519E-09 3.23849E-09

Supply=Demand for R8, I1 1.38952E-11 -7.40862E-12 1.10928E-11 2.74445E-11 4.24533E-11 1.07439E-10

Supply=Demand for R8, I2 -1.26882E-10 -1.42655E-10 -1.27874E-10 -1.25506E-10 -8.25223E-11 -3.85449E-11

Supply=Demand for R8, I3 3.37877E-09 3.36271E-09 3.37987E-09 3.38173E-09 3.32669E-09 3.21085E-09

Supply=Demand for R9, I1 -4.92616E-12 -1.64023E-11 2.43014E-11 2.21787E-11 2.35804E-11 8.24675E-11

Supply=Demand for R9, I2 -9.08333E-11 -1.05148E-10 -7.29806E-11 -8.91571E-11 -4.96755E-11 4.89929E-13

Supply=Demand for R9, I3 3.26972E-09 3.25433E-09 3.27376E-09 3.27563E-09 3.22507E-09 3.12373E-09

Infra Shock to R4=>R5 Infra Shock to R5=>R4 Infra Shock to R5=>R6 Infra Shock to R6=>R5 Infra Shock to R6=>R7 Infra Shock to R7=>R6

Value of objective function -2459076.59 -2459075.731 -2459076.125 -2459077.298 -2459078.651 -2459078.86

Supply=Demand for R1, I1 1.32773E-11 1.36872E-11 -3.11986E-11 1.35274E-12 1.53387E-13 -3.65461E-11

Supply=Demand for R1, I2 -1.69593E-10 -1.68865E-10 -1.72005E-10 -1.79596E-10 -1.79858E-10 -1.72645E-10

Supply=Demand for R1, I3 3.37709E-09 3.3756E-09 3.41913E-09 3.38847E-09 3.4024E-09 3.42006E-09

Supply=Demand for R2, I1 1.14992E-11 1.18152E-11 -3.17143E-11 2.87885E-13 2.68542E-13 -3.80586E-11

Supply=Demand for R2, I2 -1.49672E-10 -1.49423E-10 -1.54125E-10 -1.59766E-10 -1.597E-10 -1.53101E-10

Supply=Demand for R2, I3 3.39045E-09 3.3891E-09 3.43264E-09 3.39678E-09 3.38769E-09 3.42852E-09

Supply=Demand for R3, I1 1.21245E-11 1.29192E-11 -3.08288E-11 1.17467E-12 8.54883E-13 -3.57201E-11

Supply=Demand for R3, I2 4.95444E-09 4.95456E-09 4.94961E-09 4.94397E-09 4.94395E-09 4.95096E-09

Supply=Demand for R3, I3 -9.18445E-09 -9.18424E-09 -9.14356E-09 -9.1855E-09 -9.19896E-09 -9.14841E-09

Supply=Demand for R4, I1 6.51987E-12 1.90247E-11 -2.49265E-11 5.02911E-12 5.34836E-12 -3.24751E-11

Supply=Demand for R4, I2 -2.01232E-10 -1.36077E-10 -1.41573E-10 -1.47513E-10 -1.476E-10 -1.4036E-10

Supply=Demand for R4, I3 3.48644E-09 3.39329E-09 3.43479E-09 3.39114E-09 3.37888E-09 3.43062E-09

Supply=Demand for R5, I1 1.54391E-11 4.2981E-12 -1.27305E-11 -7.5975E-12 1.90672E-12 -3.24552E-11

Supply=Demand for R5, I2 -1.3193E-10 -1.95966E-10 7.35404E-11 -1.54664E-10 -1.4247E-10 -1.35586E-10

Supply=Demand for R5, I3 3.38849E-09 3.48169E-09 4.05651E-09 3.37335E-09 3.37262E-09 3.42558E-09

Supply=Demand for R6, I1 1.1117E-11 9.1613E-12 -3.91162E-11 -5.41488E-12 -5.49438E-12 -4.18354E-11

Supply=Demand for R6, I2 -1.30641E-10 -1.30589E-10 -1.39779E-10 -1.99882E-10 -2.03255E-10 -1.38243E-10

Supply=Demand for R6, I3 2.34917E-08 2.34919E-08 2.35268E-08 2.622E-08 2.62427E-08 2.35245E-08

Supply=Demand for R7, I1 1.33511E-11 1.41644E-11 -3.18375E-11 2.47528E-12 -8.67464E-12 -1.7823E-11

Supply=Demand for R7, I2 -1.50485E-10 -1.51032E-10 -1.55932E-10 -1.60765E-10 -1.73828E-10 6.15861E-11

Supply=Demand for R7, I3 3.40256E-09 3.40304E-09 3.43818E-09 3.40015E-09 3.34569E-09 4.12566E-09

Supply=Demand for R8, I1 1.11088E-11 1.11795E-11 -3.24153E-11 1.27365E-13 -2.49791E-13 -3.78645E-11

Supply=Demand for R8, I2 -1.2687E-10 -1.27133E-10 -1.31688E-10 -1.37354E-10 -1.37371E-10 -1.30311E-10

Supply=Demand for R8, I3 3.37965E-09 3.37954E-09 3.41879E-09 3.38116E-09 3.36453E-09 3.41562E-09

Supply=Demand for R9, I1 4.05095E-13 -1.69691E-12 -2.44795E-11 -8.06779E-12 -1.05749E-11 -2.74098E-11

Supply=Demand for R9, I2 -8.60906E-11 -8.66337E-11 -8.63457E-11 -9.49586E-11 -1.01765E-10 -8.66463E-11

Supply=Demand for R9, I3 3.26749E-09 3.2676E-09 3.30608E-09 3.26289E-09 3.31912E-09 3.30405E-09

Infra Shock to R7=>R8 Infra Shock to R8=>R7 Infra Shock to R8=>R9 Infra Shock to R9=>R8

Value of objective function -2459078.833 -2459078.799 -2459078.851 -2459078.853

Supply=Demand for R1, I1 1.03241E-11 1.10212E-11 -8.22034E-12 4.37577E-12

Supply=Demand for R1, I2 -1.68077E-10 -1.68933E-10 -1.87093E-10 -1.67379E-10

Supply=Demand for R1, I3 3.37592E-09 3.37858E-09 3.44792E-09 3.38337E-09

Supply=Demand for R2, I1 8.58416E-12 1.12254E-11 -8.79833E-12 2.77485E-12

Supply=Demand for R2, I2 -1.484E-10 -1.48509E-10 -1.67201E-10 -1.4757E-10

Supply=Demand for R2, I3 3.38988E-09 3.39006E-09 3.46384E-09 3.39766E-09

Supply=Demand for R3, I1 9.54273E-12 1.12523E-11 -5.80662E-12 3.83564E-12

Supply=Demand for R3, I2 4.95548E-09 4.95531E-09 4.9366E-09 4.956E-09

Supply=Demand for R3, I3 -9.183E-09 -9.1849E-09 -9.10803E-09 -9.17463E-09

Supply=Demand for R4, I1 1.21081E-11 1.70614E-11 -4.81404E-12 7.27812E-12

Supply=Demand for R4, I2 -1.35847E-10 -1.36016E-10 -1.54794E-10 -1.35252E-10

Supply=Demand for R4, I3 3.39555E-09 3.39373E-09 3.4699E-09 3.40333E-09

Supply=Demand for R5, I1 1.00603E-11 1.15831E-11 -6.43002E-12 5.43063E-12

Supply=Demand for R5, I2 -1.31043E-10 -1.31099E-10 -1.49885E-10 -1.30422E-10

Supply=Demand for R5, I3 3.39102E-09 3.38895E-09 3.46556E-09 3.39888E-09

Supply=Demand for R6, I1 9.01986E-12 1.22757E-11 -9.99209E-12 2.79203E-12

Supply=Demand for R6, I2 -1.29628E-10 -1.29749E-10 -1.48572E-10 -1.29093E-10

Supply=Demand for R6, I3 2.34926E-08 2.34907E-08 2.35668E-08 2.35005E-08

Supply=Demand for R7, I1 2.28666E-12 1.55852E-11 -6.93676E-12 4.40081E-12

Supply=Demand for R7, I2 -2.15286E-10 -1.49019E-10 -1.68342E-10 -1.48666E-10

Supply=Demand for R7, I3 3.49866E-09 3.39852E-09 3.47715E-09 3.41017E-09

Supply=Demand for R8, I1 9.08865E-12 1.51959E-12 -9.90474E-12 3.26278E-12

Supply=Demand for R8, I2 -1.25391E-10 -1.91651E-10 -1.75132E-10 -1.2506E-10

Supply=Demand for R8, I3 3.37941E-09 3.46137E-09 3.77068E-09 3.38752E-09

Supply=Demand for R9, I1 2.03658E-12 -5.76089E-12 -8.33993E-12 -1.14729E-11

Supply=Demand for R9, I2 -7.8676E-11 -9.6615E-11 -1.01465E-10 -1.70819E-10

Supply=Demand for R9, I3 3.26415E-09 3.27284E-09 3.32587E-09 3.37272E-09
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Region

Name

(Column)

R1, I1 R1, I2 R1, I3 R2, I1 R2, I2 R2, I3 R3, I1 R3, I2 R3, I3 R4, I1 R4, I2 R4, I3 R5, I1 R5, I2 R5, I3 R6, I1 R6, I2 R6,I3 R7,I1 R7,I2 R7,I3 R8,I1 R8,I2 R8,I3 R9,I1 R9,I2 R9,I3 y1 y2 y3 y4 y5 y6 y7 y8 y9

R1, I1

246 632 43 17 43 5 42 211 33 9 28 3 10 93 6 9 13 1 5 5 0 31 29 2 0 0 0 242 17 194 15 32 3 1 31 0 5 2058

R1, I2

200 1168 800 15 133 103 12 741 326 4 252 54 2 167 62 1 46 13 2 18 6 3 47 21 0 2 4 4067 119 378 98 126 23 11 46 2 196 9267

R1, I3

206 1418 4308 5 97 95 6 268 322 1 100 73 1 99 82 1 41 26 1 13 8 2 24 25 0 2 4 13719 149 765 191 215 75 19 59 5 173 22599

R2, I1

11 54 5 210 618 56 24 259 57 3 33 3 4 114 8 1 10 3 2 8 2 2 19 4 0 10 0 19 183 166 13 26 8 6 12 1 10 1965

R2, I2

10 97 74 199 2426 1273 29 2540 802 4 418 112 3 362 173 2 157 35 3 41 27 6 165 76 0 2 8 208 5998 2276 337 396 132 70 207 12 2726 21405

R2, I3

7 48 65 175 2847 5809 17 805 977 3 180 92 2 142 100 1 62 37 2 25 18 4 54 48 0 2 4 210 18561 2055 321 317 115 53 145 7 587 33896

R3, I1

8 24 6 3 71 10 215 1323 276 4 54 23 3 49 23 3 9 3 2 8 2 5 23 3 0 2 0 21 33 852 87 84 9 5 8 4 10 3264

R3, I2

37 480 643 76 1845 913 425 33355 14339 20 4669 820 10 3071 1165 6 1315 470 9 399 221 23 1506 933 1 33 103 1085 2051 44622 2759 3210 1127 542 1963 134 20232 144613

R3, I3

34 305 862 61 1426 1785 384 25186 65282 25 2479 2217 13 1881 2232 14 945 1155 18 430 677 37 812 1656 2 38 138 1027 2735 126852 4324 3517 1557 793 1753 145 7971 260766

R4, I1

2 9 1 1 3 2 3 67 26 83 473 81 1 40 13 0 7 1 2 5 2 1 4 1 0 0 0 1 6 30 128 18 1 4 2 0 5 1021

R4, I2

15 189 212 10 740 241 40 5989 1545 135 18666 3419 12 3046 876 3 1082 187 5 295 120 11 1181 383 1 23 50 224 341 3276 9276 1300 351 183 584 42 12399 66453

R4, I3

5 38 51 7 125 96 14 753 739 77 6787 9403 5 572 573 4 218 123 4 83 62 10 148 145 0 5 12 148 257 2326 27988 1628 344 162 354 18 2742 56027

R5, I1

1 2 1 2 7 1 2 13 5 1 28 6 46 332 68 1 8 1 1 5 1 1 10 1 0 0 0 5 2 17 15 206 5 4 3 0 2 804

R5, I2

9 160 171 12 518 179 26 4223 1690 13 2580 491 66 10294 4316 11 1291 324 16 538 210 22 872 492 1 29 45 391 488 3634 1479 13570 801 455 1059 74 8493 59041

R5, I3

6 56 106 10 190 165 16 1047 1160 10 930 592 85 8910 19370 7 517 378 11 226 244 19 344 405 0 9 29 222 356 2536 1950 47370 884 513 749 33 2968 92424

R6, I1

1 1 0 1 8 2 4 25 11 1 4 2 2 35 14 49 261 26 4 22 3 7 28 4 0 0 0 2 6 34 8 43 119 9 13 0 4 755

R6, I2

14 85 69 16 218 51 22 2101 430 8 1200 161 16 1743 378 82 7116 1353 32 381 151 81 876 506 1 13 22 152 162 1234 420 844 5162 253 725 30 4866 30974

R6, I3

1 10 12 3 42 32 8 344 306 3 198 90 3 297 238 58 3358 5053 4 84 87 13 176 192 0 5 9 32 86 803 305 650 15795 208 453 8 1138 30105

R7, I1

1 1 1 1 19 3 2 15 11 2 36 12 1 37 21 2 41 11 54 158 23 1 4 1 0 0 0 2 8 36 33 71 32 69 4 1 8 724

R7, I2

2 26 35 2 76 36 7 804 381 2 326 86 4 550 215 3 262 100 57 928 453 8 251 155 0 5 8 30 59 384 132 304 158 2501 173 8 1444 9971

R7, I3

1 5 10 2 22 18 3 149 172 1 90 56 2 144 120 2 123 97 62 1194 2428 4 45 42 0 1 2 18 51 375 167 353 241 8474 115 3 350 14941

R8, I1

6 17 2 5 24 5 5 120 41 2 18 4 4 86 33 3 49 18 2 7 1 225 950 99 1 7 4 9 22 142 15 117 63 5 325 7 16 2458

R8, I2

6 28 33 7 132 45 15 1260 384 3 558 108 5 770 241 16 610 142 6 166 70 333 4296 1812 8 41 39 83 177 974 466 701 377 146 7445 77 5727 27307

R8, I3

2 19 20 4 52 37 9 409 484 3 220 118 3 268 225 4 240 182 3 62 53 240 3741 9274 1 9 23 60 109 1170 423 601 553 130 29380 30 1394 49556

R9, I1

0 0 0 0 1 0 0 6 3 0 1 1 0 1 1 0 0 0 0 0 0 1 7 0 5 34 7 1 1 7 2 3 1 1 1 15 3 105

R9, I2

1 0 0 0 1 2 1 16 8 0 6 1 0 6 3 0 5 0 0 0 0 3 16 7 12 151 175 1 1 13 3 5 1 1 4 764 20 1227

R9, I3

0 0 1 0 2 3 0 24 87 0 10 17 0 11 24 0 3 3 0 1 2 1 10 18 12 184 945 5 7 171 44 62 11 5 44 2624 104 4435

m1

28 73 5 35 101 9 63 390 81 29 162 25 22 162 33 14 77 8 11 34 5 38 161 17 1 5 1 46 34 252 84 102 46 18 67 2 0 2242

m2

81 934 438 65 1792 721 106 13120 4206 37 5594 1245 23 4793 1616 28 4048 603 26 1358 295 97 2282 850 3 137 65 650 934 6782 1319 2449 709 456 1337 43 0 59241

m3

3 20 41 3 38 55 13 836 1606 3 250 228 3 277 405 2 84 95 1 22 29 6 82 140 0 5 18 138 214 3501 681 1144 296 115 451 40 0 10847

VA

1112 3366 14584 1017 7789 22145 1752 48212 164975 537 20101 36484 453 20690 59791 425 8975 19656 378 3456 9740 1223 9146 32244 54 474 2718 0 0 0 0 0 0 0 0 0 491498

Total Input

2058 9267 22599 1965 21405 33896 3264 144613 260766 1021 66453 56027 804 59041 92424 755 30974 30105 724 9971 14941 2458 27307 49556 105 1227 4435 119 33168 205857 53082 79464 28998 15211 47511 4130 73591

Intermediate Input Regional Final Demand

e

Total

output
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