Northern Ireland’s Input-Output Table. An application of Kronenberg’s Derivative Approach.
1. Introduction

Regional input-output (I-O) tables have been estimated by means of expensive, time-consuming surveys but due to the cost of this exercise, numerous non-survey methods to derive them from national I-O tables have been proposed. Simple location quotients (SLQ), purchases-only location quotients, expenditure location quotients, cross-industry location quotients, and the Flegg-Webber local quotient have been used. Other non-survey techniques include regional weights, supply-demand pool, commodity balance, and RAS. Also, semi-survey (i.e. hybrid) approaches have been attempted. 
Kronenberg (2007) introduces a method that imposes very little data requirements to derive a regional input-output table from a nation-wide input-output table. This approach uses regional employment quotients to derive the regional matrix of inter-industry transactions. The main difficulty consists in estimating regional exports and imports, for which Kronenberg proposes an indirect estimate of regional cross-hauling. This technique results in an estimate of total exports for the Manufacturing industries in Northern Ireland of £4.56 billion for 2004 –quite similar to £4.53 billion, the amount reported in the Northern Ireland Manufacturing Sales and Exports Survey for 2004/5 (NISRA, 2006). 
The rest of the paper briefly describes the technique and presents a step-by-step estimation of an I-O table for Northern Ireland and compares the results with those reported in DETINI (2007).
2. Estimation of an Input-Output Table for Northern Ireland
Kronenberg (2007) estimates an I-O table for the Hamburg region in Germany for 2002. The departure point is the 2002 national (i.e. Germany-wide) I-O table. The latest I-O table for the United Kingdom is that of 2004 (ONS, 2006). Hence, this paper estimates an I-O table for Northern Ireland for 2004. 

Table 1 presents a nine-sector inter-industry transactions matrix (also known as use table) for the UK, which will constitute the basis of the estimations.
	Table 1

Inter-industry transactions (Intermediate Consumption by Industry)

UK, 2004 (£ million)

	Sector
	1
	2
	3
	4
	5
	6
	7
	8
	9
	                10 
	Intermediate

Demand

	1
	 5 001 
	 26 046 
	 11 476 
	 2 674 
	 2 106 
	  167 
	  32 
	  262 
	  99 
	 - 
	 47 863 

	2
	 8 123 
	 177 807 
	 3 475 
	 28 013 
	 48 132 
	 20 025 
	 14 106 
	 49 650 
	 7 279 
	 - 
	 356 611 

	3
	  905 
	 8 464 
	 14 875 
	  279 
	 2 194 
	  938 
	 1 661 
	 2 771 
	  522 
	 - 
	 32 609 

	4
	 1 319 
	 1 482 
	  813 
	 51 162 
	 1 751 
	 1 926 
	 12 212 
	 5 291 
	  602 
	 - 
	 76 557 

	5
	  809 
	 1 370 
	  183 
	 1 240 
	 6 436 
	 2 817 
	 5 681 
	 3 637 
	  721 
	 - 
	 22 894 

	6
	 1 758 
	 14 017 
	  341 
	 1 199 
	 31 238 
	 34 545 
	 25 342 
	 9 392 
	 2 731 
	 - 
	 120 562 

	7
	 4 441 
	 31 736 
	 2 347 
	 20 390 
	 55 203 
	 25 538 
	 129 764 
	 34 070 
	 16 549 
	 50 165 
	 370 201 

	8
	  241 
	 1 622 
	  141 
	  398 
	 1 169 
	 1 935 
	 9 177 
	 32 621 
	  59 
	 - 
	 47 363 

	9
	  320 
	 2 793 
	  119 
	  164 
	 1 934 
	 1 726 
	 3 890 
	 6 156 
	 15 905 
	 - 
	 33 008 

	10
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	-

	
	
	
	
	
	
	
	
	
	
	
	

	Total

Cons.
	 22 917 
	 265 337 
	 33 771 
	 105 518 
	 150 163 
	 89 616 
	 201 865 
	 143 850 
	 44 466 
	 50 165 
	


Source: ONS
The sector codes in Table 1 (and following tables) correspond to:

	Code
	Sector

	1
	Agriculture, forestry,  fishing, mining and quarrying (SIC A, B)

	2
	Manufacturing (SIC D)

	3
	Electricity, gas & water supply (SIC C, E) 

	4
	Construction (SIC F) 

	5
	Distribution, hotels and restaurants (SIC G, H) 

	6
	Transport and communications (SIC I)

	7
	Banking, Finance  and insurance, and business services (SIC J, K)

	8
	Public administration and Defence, Education & Health (SIC L, M, N)

	9
	Other services (SIC O,P, Q) 

	10
	Not allocated to industries


In order to estimate a regional I-O table, Kronenberg calculates regional shares of employment by sector (i.e. the ratio between employment levels in a region and in the nation as a whole in each sector). Table 2 presents employment levels for each sector in Northern Ireland and the UK as a whole for 2004 and the resulting employment shares.
	Table 2

Employment by Sector, Northern Ireland and UK 2004

	Sector
	NI
	UK
	Share

	Agriculture, forestry & fishing, Mining and Quarrying
	32,200
	387,500
	0.083

	Manufacturing
	87,600
	3,866,450
	0.023

	Electricity, gas & water supply 
	6,400
	234,550
	0.027

	Construction 
	87,300
	2,193,050
	0.040

	Distribution, hotels and restaurants 
	131,100
	5,448,750
	0.024

	Transport and communications
	37,900
	1,923,600
	0.020

	Banking, Finance  and insurance, and business services 
	59,100
	4,330,900
	0.014

	Public administration and Defence, Education & Health 
	249,900
	7,774,500
	0.032

	Other services 
	31,700
	1,702,400
	0.019

	
	
	
	

	Total Economy
	701,100
	26,718,250
	0.026


Source: NOMIS - ONS
Table 2 shows that the private service and Manufacturing sectors in Northern Ireland are under-represented in terms of employment vis-à-vis the UK as a whole, and that the Agriculture, Forestry, Fishing, Mining and Quarrying sector exhibits a far larger employment share in Northern Ireland against the UK than the economy as a whole. Construction and Public Administration and Defence, Education and Health are also over-represented in Northern Ireland.
The second step is to apply these employment shares by sector to the transactions matrix for the UK, in order to estimate a transactions matrix for Northern Ireland. The underlying assumption is that Northern Ireland’s production units use the same technology as their counterparts elsewhere in the UK –we modify this assumption in Section 5. Table 3 presents the results:
	Table 3

Inter-industry transactions (Intermediate Consumption by Industry)

Northern Ireland, 2004 (£ million)

	Sector
	1
	2
	3
	4
	5
	6
	7
	8
	9
	                10 
	Intermediate

Demand

	1
	416
	590
	313
	106
	51
	3
	0
	8
	2
	0
	1,490

	2
	675
	4,028
	95
	1,115
	1,158
	395
	192
	1,596
	136
	0
	9,390

	3
	75
	192
	406
	11
	53
	18
	23
	89
	10
	0
	877

	4
	110
	34
	22
	2,037
	42
	38
	167
	170
	11
	0
	2,630

	5
	67
	31
	5
	49
	155
	55
	78
	117
	13
	0
	571

	6
	146
	318
	9
	48
	752
	681
	346
	302
	51
	0
	2,651

	7
	369
	719
	64
	812
	1,328
	503
	1,771
	1,095
	308
	1,316
	8,286

	8
	20
	37
	4
	16
	28
	38
	125
	1,049
	1
	0
	1,318

	9
	27
	63
	3
	7
	47
	34
	53
	198
	296
	0
	727

	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	
	
	
	

	Total

Cons.
	1,904
	6,012
	921
	4,200
	3,613
	1,766
	2,755
	4,624
	828
	1,316
	


In order to estimate exports by sector, we need to calculate the extent of cross-hauling between Northern Ireland and the other UK regions for which we need to firstly estimate and a measure of heterogeinity (Kronenberg, 2007, p. 10). We start from estimating the domestic demand by sector for Northern Ireland by applying the employment share for the whole economy to the total domestic demand by sector for the UK (from the published UK input-output tables) -Kronenberg, 2007, p. 9. Table 4 presents the results:
	Table 4

Total Domestic Demand

	Sector
	NI
	UK

	1
	360
	13,737

	2
	10,174
	387,727

	3
	482
	18,376

	4
	2,874
	109,522

	5
	2,704
	103,042

	6
	1,217
	46,375

	7
	4,636
	176,678

	8
	7,583
	288,986

	9
	1,760
	67,060


Now we need to estimate regional exports (and external sales) and imports. To do this, Kronenberg firstly estimates the amount of cross-hauling between a region and the rest of the regions within a country. This measure is equal to the sum of the region’s production and domestic demand by sector multiplied by a regional heterogeneity factor for each sector –that is (using Kronenberg’s notation):
CHs = (Xs + Cs)* s








(1)
where 

CH = cross-hauling

X = regional production value
C = regional consumption = intermediate demand + domestic demand
 = heterogeneity

s = sector

Regional production value is estimated by multiplying employment shares by sector to national production value by sector. The UK I-O tables do not contain estimates on the value of national production, but it can be easily estimated given that the UK I-O tables present data for imports by sector and that, by definition,

PV = Total Demand (=Total Output) – Imports

Table 5 presents the results for national and regional production value by sector:

	Table 5

Production Value

	Sector
	UK
	NI

	1
	56,439
	4,865

	2
	677,776
	17,259

	3
	50,822
	1,024

	4
	186,215
	6,352

	5
	120,702
	3,143

	6
	167,270
	2,981

	7
	588,485
	8,984

	8
	337,036
	10,688

	9
	99,450
	1,852


The heterogeinity factor per sector is calculated from the national figures and responds to this formula:
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where

TVOL = trade volume = exports + imports (in Kronenberg’s notation, E + M)

| TBAL | = trade balance (in absolute terms) = | E – M | 

C is obtained by adding the last column in Table 1 (Total Intermediate Demand) and the UK column in Table 4 (Total Domestic Demand).
Table 6 presents the results.
	Table 6

Heterogeneity by Sector, UK 2004

	Sector 
	X
	C
	E
	M
	Trade Volume
	Trade Balance
	Trade Balance (abs.)
	

	1
	56,439
	61,600
	16,524
	21,685
	38,209
	-5,161
	5,161
	0.2800

	2
	677,776
	744,338
	176,444
	243,006
	419,450
	-66,562
	66,562
	0.2481

	3
	50,822
	50,985
	221
	384
	605
	-163
	163
	0.0043

	4
	186,215
	186,079
	340
	204
	544
	136
	136
	0.0011

	5
	120,702
	125,937
	8,402
	13,637
	22,039
	-5,235
	5,235
	0.0681

	6
	167,270
	166,937
	18,965
	18,632
	37,597
	333
	333
	0.1115

	7
	588,485
	546,879
	68,456
	26,850
	95,306
	41,606
	41,606
	0.0473

	8
	337,036
	336,348
	2,942
	2,254
	5,196
	688
	688
	0.0067

	9
	99,450
	100,067
	6,400
	7,017
	13,417
	-617
	617
	0.0642


The next step consists in applying the heterogeinity factors by sector to regional data. The heterogeneity factors estimated for the UK as a whole indicate the degree of heterogeneity in the output produced by each sector. We can see that the first two sectors present the two highest values –the first one because we have grouped together diverse activities such as agriculture, mining, fishing and forestry, and the second one because, as expected in this high level of aggregation, manufacturing comprises quite distinct products. The assumption behind using the estimates obtained for the sectors nation-wide to regional data is that the more heterogeneous the output in a sector, the more the quantities of products and services from that sector traded across regions. 
We do not have published data for imports by sector in Northern Ireland, but the regional trade balance has to be equal to the difference between regional production and regional consumption (ie TBAL = X – C). Consequently, we apply the employment shares per sector to UK data for production and consumption as presented in Table 6, and we obtain the following:
	Table 7

Trade Balance by Sector, NI 2004

(£ million)

	Sector
	X
	C
	TBAL = X - C

	1
	4,865
	1,850
	3,015

	2
	17,259
	19,564
	-2,305

	3
	1,024
	1,359
	-335

	4
	6,352
	5,504
	848

	5
	3,143
	3,275
	-132

	6
	2,981
	3,868
	-887

	7
	8,984
	12,922
	-3,937

	8
	10,688
	8,901
	1,787

	9
	1,852
	2,487
	-635

	
	
	
	

	Total
	57,148
	59,730
	-2,581


Trade volume by sector in Northern Ireland can be estimated rearranging equation (2) and using the heterogeneity factors in Table 6. We obtain:
	Table 8

Trade Volume by Sector, NI 2004

(£ million)

	Sector
	| TBAL |
	CH =  * (X + C)
	TVOL

	1
	3,015
	1,880
	4,895

	2
	2,305
	9,137
	11,442

	3
	335
	10
	346

	4
	848
	13
	861

	5
	132
	437
	569

	6
	887
	764
	1,651

	7
	3,937
	1,036
	4,974

	8
	1,787
	131
	1,918

	9
	635
	278
	914


We can estimate exports and imports by sector using the results for TBAL and TVOL, according to these formulae:
E = (TVOL + TBAL) / 2







(3)

M = (TVOL - TBAL) / 2







(4)

Thus, we obtain:
	Table 9

Exports and Imports by Sector, NI 2004

(£ million)

	Sector
	TVOL
	TBAL
	E
	M

	1
	4,895
	3,015
	3,955
	940

	2
	11,442
	-2,305
	4,569
	6,874

	3
	346
	-335
	5
	340

	4
	861
	848
	854
	6

	5
	569
	-132
	219
	350

	6
	1,651
	-887
	382
	1,269

	7
	4,974
	-3,937
	518
	4,455

	8
	1,918
	1,787
	1,853
	66

	9
	914
	-635
	139
	774

	
	
	
	
	

	Total
	27,569
	-2,581
	12,494
	15,075


Having estimated exports and imports by sector, we can complete the I-O table for Northern Ireland, which we present in the following table.
	Table 10

Input – Output Use Table

Northern Ireland 2004 

(£ million)

	Sector
	 Intermediate Consumption by Sector 
	Intermediate Demand
	Exports
	Total Domestic Demand
	Total Final Demand
	Total Output

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	
	
	
	
	

	1
	416
	590
	313
	106
	51
	3
	0
	8
	2
	0
	1,490
	3,955
	360
	4,316
	5,806

	2
	675
	4,028
	95
	1,115
	1,158
	395
	192
	1,596
	136
	0
	9,390
	4,569
	10,174
	14,743
	24,133

	3
	75
	192
	406
	11
	53
	18
	23
	89
	10
	0
	877
	5
	482
	487
	1,364

	4
	110
	34
	22
	2,037
	42
	38
	167
	170
	11
	0
	2,630
	854
	2,874
	3,728
	6,358

	5
	67
	31
	5
	49
	155
	55
	78
	117
	13
	0
	571
	219
	2,704
	2,923
	3,493

	6
	146
	318
	9
	48
	752
	681
	346
	302
	51
	0
	2,651
	382
	1,217
	1,599
	4,250

	7
	369
	719
	64
	812
	1,328
	503
	1,771
	1,095
	308
	1,316
	8,286
	518
	4,636
	5,154
	13,440

	8
	20
	37
	4
	16
	28
	38
	125
	1,049
	1
	0
	1,318
	1,853
	7,583
	9,436
	10,753

	9
	27
	63
	3
	7
	47
	34
	53
	198
	296
	0
	727
	139
	1,760
	1,899
	2,626

	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	
	
	
	
	

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 Total consumption 
	1,904
	6,012
	921
	4,200
	3,613
	1,766
	2,755
	4,624
	828
	1,316
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	Production Value 
	4,865
	17,259
	1,024
	6,352
	3,143
	2,981
	8,984
	10,688
	1,852
	0
	
	
	
	
	

	 
	
	
	
	
	
	
	
	
	
	 
	
	
	
	
	

	 Imports 
	940
	6,874
	340
	6
	350
	1,269
	4,455
	66
	774
	0
	
	
	
	
	

	 
	
	
	
	
	
	
	
	
	
	 
	
	
	
	
	

	 Total Output 
	5,806
	24,133
	1,364
	6,358
	3,493
	4,250
	13,440
	10,753
	2,626
	0
	
	
	
	
	


3. Comparison between ERINI’s I-O Table and cogentsi/DETINI’s I-O Table
The consultancy firm Cogent Strategies International Limited (cogentsi) prepared for DETINI estimates of I-O tables (Combined Use Matrix, Final Demand, Make Matrix, etc) for Northern Ireland for 2003 ((DETINI, 2007). In this section, we present a summary for the 9 sectors used throughout this paper. 
	Table 11

DETINI (2007) and ERINI Estimates

	Sector
	DETINI
	ERINI

	
	Intermediate Demand
	Domestic Final Demand
	Final Demand
	Total Output
	Intermediate Demand
	Domestic Final Demand
	Final Demand
	Total Output

	1
	1,492
	413
	1,835
	2,851
	1,490
	360
	4,316
	5,806

	2
	11,599
	9,711
	21,424
	46,998
	9,390
	10,174
	14,743
	24,133

	3
	699
	433
	1,119
	1,249
	877
	482
	487
	1,364

	4
	1,587
	3,300
	4,885
	5,240
	2,630
	2,874
	3,728
	6,358

	5
	234
	2,567
	3,022
	3,571
	571
	2,704
	2,923
	3,493

	6
	2,230
	981
	3,162
	4,890
	2,651
	1,217
	1,599
	4,250

	7
	5,688
	3,560
	9,744
	14,092
	8,286
	4,636
	5,154
	13,440

	8
	1,323
	10,208
	11,532
	11,616
	1,318
	7,583
	9,436
	10,753

	9
	1,152
	1,327
	2,478
	4,514
	727
	1,760
	1,899
	2,626

	 
	 
	 
	 
	 
	 
	 
	
	 

	Total
	26,004
	32,500
	59,201
	95,021
	26,623
	31,790
	44,284
	72,224


We can see that, all in all, our estimates for 2004 are very similar to those reported by DETINI for 2003 –thus, confirming the validity of Kronenberg’s approach (the main differences lie in the Final Demand for Agriculture, Fishing, Forestry, Mining and Quarrying and Manufacturing). 
The similarities in the estimates of total intermediate demand by sector are reflected in the Use Tables estimated in this paper and by cogentsi/DETINI. The following table summarises DETINI’s use table for the 9 sectors, which the reader can contrast with Table 3 above:
	Table 12

Inter-industry transactions (Intermediate Consumption by Industry)

Northern Ireland, 2003

	Sector
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Total Intermediate Demand

	1
	135
	1,004
	104
	183
	38
	6
	3
	10
	9
	1,492

	2
	619
	4,445
	183
	1,871
	1,164
	436
	426
	1,857
	598
	11,599

	3
	29
	144
	314
	12
	42
	17
	22
	89
	30
	699

	4
	14
	29
	29
	955
	40
	17
	238
	236
	29
	1,587

	5
	3
	22
	3
	5
	67
	8
	18
	90
	18
	234

	6
	72
	385
	10
	23
	622
	381
	266
	353
	118
	2,230

	7
	117
	749
	73
	366
	1,073
	282
	1,043
	1,263
	722
	5,688

	8
	20
	41
	4
	7
	23
	19
	90
	1,082
	37
	1,323

	9
	11
	44
	4
	3
	34
	15
	28
	227
	786
	1,152

	
	
	
	
	
	
	
	
	
	
	

	 Total Consumption
	1,020
	6,863
	724
	3,425
	3,103
	1,181
	2,134
	5,207
	2,347
	26,004


Source: DETINI (2007)
4. Total Requirements Matrix

One of the main goals of estimating an I-O table is to calculate a total requirements matrix -that is the direct and indirect effects of increasing by 1 pound the demand for output produced by any sector.

We have estimated the Leontief matrix and the Total Requirements matrix resulting from our estimates and from the table reported in DETINI (2007) –see Annex A. From the Total Requirements Matrix, we have estimated output multipliers for each sector. 

There are basically four types of multipliers: output, employment, income and GVA multipliers. 
· Output multipliers measure the ratio of direct and indirect output changes to direct output changes due to a unit increase in final demand. 

· Employment multipliers measure total (ie. direct and indirect) changes in employment due to a unit increase in direct employment. 
· Income multipliers measure changes in direct and indirect changes in income (ie. compensation of employees) due to a change in final demand. 
· GVA multipliers measure changes in total (i.e. direct and indirect) changes in GVA as a result of a direct GVA change, due to a unit increase in final demand. 
In this paper we estimate Output multipliers. These multipliers may vary significantly across sectors. For example, in Scotland, the 2004 GVA multiplier for the industry group ‘Oil Process, Nuclear Fuel’ is 9.1, whereas the Employment and Output multipliers for this group are 7.8 and 2.0, respectively (source: SE, 2007).

Table 13 presents the output multipliers by sector (ie the sum of each column in the respective total requirement matrix) for Northern Ireland (both those resulting from our matrix and DETINI’s) and the UK as a whole.
	Table 13
Output Multipliers 

	Sector
	UK 

(2004)
	NI

	
	
	ERINI 
(2004)
	DETINI (2003)

	Agriculture, forestry & fishing, Mining and Quarrying
	1.472
	1.499
	2.401

	Manufacturing
	1.435
	1.353
	2.526

	Electricity, gas & water supply 
	2.199
	2.225
	2.471

	Construction 
	1.990
	2.162
	2.653

	Distribution, hotels and restaurants 
	2.827
	2.519
	2.023

	Transport and communications
	1.812
	1.630
	2.080

	Banking, Finance  and insurance, and business services 
	1.540
	1.299
	1.682

	Public administration and Defence, Education & Health 
	1.688
	1.647
	1.986

	Other services 
	1.678
	1.449
	2.661

	 
	
	
	

	Total
	16.641
	15.782
	20.483


According to Table 13, our estimates for the sectoral output multipliers are, in general, much closer to –and smaller than- those for the UK as a whole than those resulting from DETINI’s estimates. Regional multipliers tend to be smaller than national multipliers because regions trade more than countries –they trade with other regions as well as with countries; in other words, the propensity to import from other regions is set to zero in the national multiplier (Faggiani and Biagi, 2003). 
Distribution, Hotels and Restaurants and Electricity, Gas and Water Supply are the two sectors with highest output multipliers. In contrast, Manufacturing present the lowest coefficient. For the UK as a whole, Distribution, Hotels and Restaurants and Electricity, Gas and Water Supply are also the two sectors with highest output multipliers whereas Manufacturing presents the lowest coefficient.
As an additional check, we estimated the Spearman rank correlation coefficient between the sectoral multipliers for the UK and NI. Using our estimates, we obtain a coefficient of 0.81 (significant at 1 per cent confidence level) whereas using the multipliers derived from DETINI’s matrix, the coefficient is almost zero and non-significant.

5. A Labour Productivity adjusted Input-Output Table for Northern Ireland
ERINI (2005) reported wide discrepancies in labour productivity by sector between Northern Ireland and the UK as a whole. Thus, in this section we depart from one basic assumption of regional input-output analysis that demands that the proportions of all goods and services produced by any given sector remain unchaged regardless of the region and the total amount produced. Hence we also depart from Kronenberg’s approach and adjust the employment shares (that is, the factors used so far to estimate the region’s inter-industry transactions) by a measure of the productivity gap by sector between Northern Ireland and the UK as a whole. In other words, we employ what could be termed ‘efficiency employment shares’ –employment shares adjusted by labour productivity.
Kronenberg discusses employment costs ratios as an alternative factor instead of employment shares. Using data from the Annual Survey of Hours and Earnings, we found that the correlation between employment costs (median hourly earnings excluding overtime) and the productivity adjustment factors by region is 0.89
: productivity differentials seem to be reflected to a large extent in employment costs. Given that data for Gross Value Added and Employment are available with a greater level of disaggregation than data on earnings, and that we are interested in adjusting by labour productivity instead of by one of its possible proxies such as earnings, we prefer to use the former. Therefore, we have estimated sectoral labour productivity gaps between Northern Ireland and the UK as a whole according to this formula:
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where j stands for sector.
We then adjusted each sector’s employment share by the following factor:
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If labour productivity for sector j in Northern Ireland is lower than in the UK as a whole, the productivity gap in expression (5) is less than one, and the productivity-adjustment factor -expression (6)- will be bigger than 1, thus increasing the technical (or direct) coefficients for the corresponding sector against the non-adjusted table –and vice versa. The underlying assumption is that whilst total sectoral output remains unchanged, labour productivity differentials impacts on the amount of intermediate products a sector purchases from the rest: we assume that the lower the labour productivity of a sector in a region, the higher the amount of products and services purchased by the sector per unit of output.
Table 14 presents the corresponding output multipliers. The productivity adjustment factor has increased the overall regional output multiplier albeit it has resulted in reduced multipliers for two sectors -Electricity, Gas & Water Supply, and Public Administration and Defence, Education and Health. 

	Table 14 

Northern Ireland

Output Multipliers 

	Sector
	Non-Adjusted
	Productivity Adjusted

	Agriculture, forestry & fishing, Mining and Quarrying
	1.499
	1.829

	Manufacturing
	1.353
	1.362

	Electricity, gas & water supply 
	2.225
	1.914

	Construction 
	2.162
	2.626

	Distribution, hotels and restaurants 
	2.519
	2.810

	Transport and communications
	1.630
	1.736

	Banking, Finance  and insurance, and business services 
	1.299
	1.343

	Public administration and Defence, Education & Health 
	1.647
	1.621

	Other services 
	1.449
	1.523

	 
	
	

	Total
	15.782
	16.765


5. Output Multipliers for the Other UK Regions
We  replicated the analysis in section 2 above for the other UK regions using data for employment shares for each sector within each region. Table 15 summarises the results
. 
	Table 15
Output Multipliers by UK Region, 2004

	Region
	Multiplier 

	Scotland
	17.31

	South East
	17.03

	South West
	16.80

	East
	16.73

	UK
	16.64

	East Midlands
	16.49

	North West
	16.39

	West Midlands
	16.33

	Wales
	16.30

	Yorkshire and The Humber
	16.29

	London
	15.96

	Northern Ireland (non-adjusted)
	15.78

	North East
	15.09


Three findings reported in Table 15 are worth highlighting: 

a) in general, the higher GVA per head in a region, the higher is its output multiplier. If we exclude London –an outlier in terms of GVA per head-, the correlation coefficient between GVA per head and output multipliers is 0.5
1; 

b) Also, the higher the labour productivity in a region, the higher its output multiplier (again excluding London, the correlation coefficient is 0.32);

c) London presents a very low output multiplier given its GVA per head and labour productivity. Export and external regional leakages might explain this. Furthermore, Scotland presents a disproportionately high multiplier considering its GVA per head and labour productivity –more about Scotland below. Investigating these issues, though, is beyond the remit of this paper.
d) Northern Ireland and the North East present significantly lower output multipliers than the rest of the UK regions. Apart from the relatively lower productivity and GVA per head of these two regions, their industrial structure could also help understand this fact; further research should be carried out on this issue.

As a final robustness check of the approach used in this paper, we have contrasted our findings for Scotland with those resulting from the input-output table produced by the Scottish Executive for 2004 (SE, 2007). Table 16 presents the multipliers:
	Table 16
Multipliers, Scotland 2004

	Sector
	Multipliers

	
	SE
	ERINI

	Agriculture and fishing 
	1.826
	1.762

	Manufacturing 
	1.354
	1.628

	Energy and water
	2.241
	2.046

	Construction 
	1.710
	2.029

	Distribution, hotels and restaurants 
	1.972
	3.023

	Transport and communications 
	1.494
	1.866

	Banking, finance and insurance, etc 
	1.446
	1.534

	Public administration, education and health 
	1.585
	1.743

	Other services 
	1.592
	1.705

	
	
	

	Total
	15.221
	17.336

	Total without Distribution, hotels and restaurants
	13.249
	14.313


Our results differ significantly from those derived from Scotland’s published input-output data in one sector in particular –Distribution, Hotels and Restaurants. If we omit this sector, our estimated overall multiplier is only 7 per cent lower than that obtained by using the data published by the Scottish Executive. All in all, we understand that Kronenberg’s derivative approach goes a long way in obtaining a plausible estimate for Scotland.
6. Conclusions

This paper has applied the approach by Kronenberg (2007) to estimating regional input-output tables with limited data availability to obtain an I-O table for Northern Ireland for 2004.

Our overall results are compatible to those obtained by Kronenberg for Hamburg (which represents 3 per cent of total employment in Germany –a similar share to that for Northern Ireland in the UK). For example, the regional multiplier is slightly smaller than the national one. 

Our indirect estimates for manufacturing exports are also similar to those reported in the Northern Ireland Manufacturing Sales and Exports Survey.
Output multipliers by sector resulting from the UK data are closer to our estimates than to those resulting from input-output tables reported in DETINI (2003).

Compared to the other UK regions, Northern Ireland exhibits a significantly low overall output multiplier –a unit increase in final demand in Northern Ireland does not go as a long way as elsewhere in the UK (except the North East) towards generating output growth throughout the economy.

We are confident that Kronenberg (2007) approach –though subject to some of the criticisms to which non-survey methods are exposed- is a valid method to estimating regional I-O tables, and that consequently our estimates for Northern Ireland reflect to a large degree estimates that would be obtained if costly survey exercises were carried out.
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Annex A – Northern Ireland, 2004 
Leontief Matrix (not productivity-adjusted)
	
	Agriculture, forestry & fishing, etc
	Manufacturing
	Electricity, gas & water supply
	Construction
	Distribution & hotels
	Transport & communication
	Finance & business services
	Public administration & defence, Education & Health
	Other services

	Agriculture, forestry & fishing, etc 
	0.92842
	-0.02445
	-0.22957
	-0.01674
	-0.01451
	-0.00077
	-3.2E-05
	-0.00078
	-0.0007

	Manufacturing 
	-0.11627
	0.83307
	-0.06951
	-0.17538
	-0.33151
	-0.09283
	-0.01432
	-0.14841
	-0.05161

	Electricity, gas & water supply 
	-0.01296
	-0.00795
	0.70244
	-0.00175
	-0.01511
	-0.00435
	-0.00169
	-0.00828
	-0.0037

	Construction 
	-0.01888
	-0.00139
	-0.01626
	0.67968
	-0.01206
	-0.00893
	-0.0124
	-0.01582
	-0.00427

	Distribution & hotels 
	-0.01158
	-0.00129
	-0.00366
	-0.00777
	0.95567
	-0.01306
	-0.00577
	-0.01087
	-0.00511

	Transport & communication 
	-0.02516
	-0.01316
	-0.00682
	-0.00751
	-0.21515
	0.83986
	-0.02573
	-0.02807
	-0.01936

	Finance & business services 
	-0.06357
	-0.02979
	-0.04695
	-0.12766
	-0.38021
	-0.11839
	0.86824
	-0.10184
	-0.11734

	Public administration & defence,

Education & Health 
	-0.00344
	-0.00152
	-0.00283
	-0.00249
	-0.00805
	-0.00897
	-0.00932
	0.90249
	-0.00042

	Other services 
	-0.00459
	-0.00262
	-0.00238
	-0.00102
	-0.01332
	-0.008
	-0.00395
	-0.0184
	0.88723


Total Requirements Matrix (not productivity-adjusted)

	
	Agriculture, forestry & fishing, etc
	Manufacturing
	Electricity, gas & water supply
	Construction
	Distribution & hotels
	Transport & communication
	Finance & business services
	Public administration & Defence, Education & Health
	Other services

	Agriculture, forestry & fishing, etc 
	1.08832713
	0.03576767
	0.36061316
	0.0380196
	0.03817166
	0.00835456
	0.00252724
	0.0119159
	0.00537355

	Manufacturing 
	0.17526306
	1.21305162
	0.19261429
	0.33269842
	0.48273973
	0.1544989
	0.03571071
	0.22359838
	0.08409013

	Electricity, gas & water supply 
	0.02310856
	0.01477908
	1.43345973
	0.00935939
	0.03242775
	0.01049023
	0.00390749
	0.01708661
	0.00784663

	Construction 
	0.03410946
	0.00520896
	0.04795034
	1.47858264
	0.03579382
	0.02074235
	0.02253451
	0.03108763
	0.01129161

	Distribution & hotels 
	0.01513664
	0.00284186
	0.0118833
	0.01497696
	1.05554161
	0.01832975
	0.00803886
	0.01520458
	0.00784771

	Transport & communication 
	0.04335363
	0.02273985
	0.03333989
	0.0313375
	0.29724106
	1.20476378
	0.03927288
	0.05083059
	0.0348662

	Finance & business services 
	0.10624398
	0.05109822
	0.1292934
	0.24447665
	0.53448108
	0.18525288
	1.16787049
	0.16134583
	0.16642162

	Public administration & Defence,

Education & Health 
	0.00628108
	0.0030245
	0.00810277
	0.00778889
	0.01906136
	0.01444182
	0.01266683
	1.11092449
	0.00287384

	Other services 
	0.00746742
	0.0043541
	0.00756307
	0.00467027
	0.02305385
	0.01281688
	0.00609231
	0.02525125
	1.12864625


� A result in line with findings reported in Rice and Venables (2004), Boddy et al (2005), Bell et al (2007), amongst others. (We have excluded the primary sector -ie Agriculture, Fishing, Forestry and Mining and Quarrying to estimate the correlation coefficient.)


� Detailed results for sector and region can be requested to the author.
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