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Abstract

This paper provides insights into the current socioeconomic and biophysical state of the Volta
Delta, Ghana. Hybrid and non-survey methods, notably the Flegg Location Quotient (FLQ)
method of regionalization and construction of tables, are used to develop environmentally
extended input-output (IO) model for comparing the economic characteristics of the Volta
Delta region and the rest of the country. The main sources of data for doing the regionalization
were the District Analytical Reports. Results from the study indicate that the agricultural sector,
trade and transport activities are much predominant in the delta than in the non-delta region.
However, employment in services of public administration, financial and insurance,
construction and crop production is higher in the non-delta than in the delta region. From a
gendered perspective, the embodied work of women in the delta is high in services and
manufacturing sectors, but less predominant in agriculture and fishing (compared to the male’s
participation). Overall, the delta was found to be a net importer (embodied in goods and
services from other regions, higher than in exports) of all the metrics used in the study,
including agricultural land use, employment, energy and CO2 emissions.
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1.0 Introduction

The Volta Delta located at the lower part of the Volta basin with about 181 towns and villages

is inhabited predominantly by farmers and fishermen. In recent times, the Volta Delta Region

of Ghana and other similar Delta regions worldwide have come under intense climate change

effects with likely socioeconomic implications. As a result, migration has become a major

response to this development in these regions which continue to attract research attention. As

part of the DEltas, Vulnerability and Climate Change: Migration and Adaptation (DECCMA)

research project, it is considered necessary to construct a global economic model that is able

to capture the economic impacts of climate change in the delta areas based on the Global

Trade Analysis Project (GTAP) - Computable General Equilibrium (CGE) model.

This economic model is to allow policy makers to see how different climate scenarios affect

the economic options in the delta regions of Ghana, India and Bangladesh being studied under

the DECCMA project, and how these in turn affect the vulnerability and sustainability of the

Deltas. It is recognized however that, before the construction of the economic model, which is

broadly the primary objective of Work Package Four under the DECCMA Project, it is

necessary to understand the biophysical and socioeconomic context of the three Delta regions.

This is to provide a systematic overview of the structure and functioning of the socioeconomic

and biophysical landscape prevailing in the regions.

Against this background, this working paper is intended to produce some insights of the

baseline and the present state of the Volta Delta with emphasis on the socioeconomic and

biophysical context, its spatial relations and interdependencies with the economics through

the supply chain up to the final demand of goods and services within the delta, in the rest of

the country (Non-Delta) and in the rest of the world (RoW). The paper is structured in five

sections.

The section one looks at the background to the study. In the section 2, we present the context

of the delta. Left in the Appendix 4 the Methodology, Section 3 summarizes it. Section 4 shows

the Results, which consist of three parts. The first part is the comparison of Distribution of

Value Added in the Delta and non-Delta. The second part is the Labour and gender

embodiments in the final consumption of goods and services, both within the country (delta

and non-Delta) and in the Rest of the world. The third part is the other environmental

implications, such as the land and environmental embodiments and footprints. Section 5

presents the Conclusions and discussion.

2.0 Geophysical Context and Site Description
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The Volta Delta region constituting the DECCMA study area covers a total area of about

3,301km2 with an estimated total population of 863,810. The area falls within the geological

setting referred to as the Keta basin between Latitudes 6o 8’ and 5o 45’ North and longitude 0o

17’ and 1o 5’ East. The basin is filled with 870m of Paleozoic marine and non-marine sediments.

This soft geology generally comprises quaternary rocks and unconsolidated sediments made

up of clay, loose sand and gravel deposits (Akpati, 1978). The Volta River System, the main

source of sediment supply to this basin before the construction of the Akosombo dam in the

1960s, consists of a larger drainage basin, broad delta plain, narrow shelf, steep upper slope,

and a large basin floor. The Volta Delta lies primarily in the coastal savannah zone. Its

vegetation is primarily swampy, interspersed with short grassland and clumps of bush and

trees, mangrove areas and the savannah woodland. Figure 1 shows the physical map of the

Volta Delta Region with the different land cover characteristics.

With regard to its climatic conditions, the Volta Delta lies within the wet semi-equatorial and

the dry equatorial climatic zones. The climatic conditions of the region are influenced by the

Southwest monsoon winds twice a year resulting in a double maximum rainfall pattern: the

major rainy season which falls between March and July, and the minor season beginning in

August and ending in November. The annual average precipitation of the region varies

between 146mm and 750mm. From November to February, the north eastern harmattan winds

dominate, giving rise to a long dry season in the region (Awadzi et al., 2008; Allersma and

Tilsman, 1993). Generally, it is observed from longitudinal data on the Volta delta that rainfall

levels in the region are highly erratic. Rainfall levels are high in the major and minor raining

seasons and low in the dry seasons (refer to Figure 2).  Between 2000 and 2013 for example,

the maximum rainfall level observed was 639mm and the minimum was 1 mm.
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Figure 1: Map of the Volta Delta Region depicting the extent of the study site (region
within the red line) and physical/land cover Map of the delta.

Source: DECCMA WP2 team at Geodata (Southampton)

Figure 2: Rainfall patterns in the Volta Delta from 2000 to 2013
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Source: Ghana Meteorological Agency (2014).

Temperatures in the Volta Delta are relatively high with mean monthly temperature of about

30ºC in the warmest month (March) and about 26ºC in the coldest month (August).

The population distribution of districts in the Volta Delta area are shown in Table 1. It must be

emphasized that, the boundaries of some of the districts (e.g. North Tongu, Ketu) extend

beyond the delta area.

Table 1: Population Distribution in the Districts of the Volta Delta Region
District Male Female Total

South Tongu 40,019 47,931 87,950
Keta Municipal 68,556 79,062 147,618
North Tongu 42,492 47,285 89,777
Akatsi South 45,497 53,187 98, 684
Ketu South 75,648 85,108 160,756
Ada East 34,671 37,659 71,671
Ada West 28,579 30,545 59,124
Total 335,462 380777 616,896

Source: 2010 Population and Housing Census. Ghana Statistical Service.
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3.0 Methodology

As described in detail in the Appendix 4, we place the focus on the insights for regionalization

and construction of tables for the study of Deltaic areas, under the DECCMA. In particular, we

firstly describe the general approach taken for all deltas, which consists in gathering

socioeconomic and biophysical information to develop the Environmentally extended input-

output (IO) tables and models, distinguishing the (DECCMA definition1 of the) Delta and the

Rest of the country (without the delta, which for simplicity we will call “Non-Delta”, while we

will call “Rest of the world” the vectors referred to the exports to and imports from of other

countries). Then, we focus on the particularities of the construction of the input-output table of

this delta, such as the hybrid methods used, departing from the non-survey method of

regionalization and construction of tables, the Flegg Location Quotient (FLQ) method. This is

used to develop an environmentally extended input-output (IO) model for comparing the

economic characteristics of the Volta Delta region and the rest of the country. This allows

studying elements such as labour, gender, land, environmental embodiments and footprints.

In order to study the effects of alterations such as demand changes or climate change in these

areas, interdisciplinary knowledge and models were required. These allow one, for example

with a classic model of Leontief demand, to see how domestic demand (households, private

institutions, government etc.) and external (exports) requirements influence levels of labour

and resource use, which may well find availability limits. The results then shown in the

following section have been obtained using the input-output tables and the models associated

to them, in particular in combination with the socioeconomic and biophysical

extensions/accounts.

4.0 Results and Discussion

4.1 Distribution of Value Addition

Following the methodology provided in the Appendix 4, the results in Figures 4 and 5 are

based on aggregations of 6 and 16 sectors respectively, out of the 57 sectors of GTAP 9. The

results from the simulation reveal the importance of the agricultural sector, which accounts for

approximately 21.9 percent of the delta’s economy. Agriculture is also found to constitute the

largest share of the non-delta economy, with a share of 26.3 percent, as shown in Figure 4.

This is a clear indication that agricultural activities elsewhere in the country are more

pronounced than in the delta. Fishing was found to have a higher share of the delta economy

(7.4%) than in the non-delta economy (1.7%). This is also a clear testament that the

1 5 meter contour.
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inhabitants of the delta, given its location at the Volta Lake catchment area, are more

predisposed to engage in fishing than the non-delta.

The results confirm available data that the delta and non-delta economies are service-oriented

(i.e. when Services and Trade-Transport are combined). Given the informal nature of both the

delta and non-delta, it is not surprising that apart from agriculture, trade occupies a

predominant aspect of economic life particularly within the delta. Trade has an intense linkage

with transportation and other services so it follows logically that this sector is also predominant.

The contribution of construction is also significant in the delta (11.1%) and non-delta (14.6%),

which underscores the labour dynamics of Ghana’s economy.

Figure 3. Distribution of Value Added across the 6 main sectors of the Volta Delta

Source: Elaboration from the computations with the IO table and extensions of the Delta and
Rest of the country.

A further disaggregation into 16 sectors confirms the results in Figure 3 and reveals the

subsectors which drive the contributions of the 6 main sectors shown in Figure 3. Crop

production is found to constitute the bigger share of agriculture, compared with livestock, as

shown in Figure 4. The results show that crop production is more pronounced, in relative terms,

in the non-delta than within the delta. This is consistent with the fact that the food basket of

the country is the middle and upper belts of the country, as compared to the coastal belt, while

the coastal belt (where the delta is located) is known for its dominant fishing activities.

Figure 4. Distribution of Value Added by 16 main sectors of the Volta Delta.
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Source: Elaboration from the computations with the IO table and extensions of the Delta and
Rest of the country

4.2 Labour and gender embodiments

The discussion below focuses on the level of employment created by the respective regions

(delta and non-delta) for labour force of the delta, non-delta and RoW. The results in Figure

5a reveal that about 72 percent of non-delta labour produces to satisfy the final demand of the

non-delta itself, 2 percent to satisfy the final demand of the delta region and 26 percent to

satisfy the final demand of the RoW. Whereas, about 68 percent of the delta labour produces

to satisfy its final demand of the delta itself, 17 percent to satisfy the final demand of the non-

delta and 15 percent of labour within the delta produces to satisfy the final demand of the RoW.

Figure 5a: Employment of the delta by demanding region
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Source: Elaboration from the computations with the IO table and extensions of the Delta and
Rest of the country

Employment by sector within the delta confirms the results in Figure 5a. The results in Figure

5b indicate that majority of the people (i.e. 94,000) in the service sector within the Volta Delta

work to satisfy the final demand of the delta itself, while 24,000 of the people in the service

sector work to satisfy the final demand of the non-delta and about 18,000 working to satisfy

the final demand of RoW. In the agriculture industry, majority of the people are found to work

to satisfy the final demand of the delta itself, followed by the non-delta and RoW, as shown in

Figure 5b.

Figure 5a shows the relatively modest contribution of the delta demand in the non-delta

employment (as it is a smaller area, while the employment in Ghana is estimated for 2010 in

9,931 thousand people). Still, in absolute terms, it represents an employment of 187,000

people who work to satisfy the final demand of the delta. On the other hand, we observe that

employment in the delta (i.e. 355,000 people) has a small proportion (less than 20%, which

represents a smaller proportion than in the other deltas being studied under the DECCMA

project) that works to satisfy the final demand of the non-delta and the RoW (about 15%, which

is a similar share to the one found in the other deltas being studied under the DECCMA project).

On the other hand, it is observed that the labour in the delta that work to satisfy the final

demand of the non-delta and RoW constitute a relatively smaller percentage than in the focal

deltas of DECCMA (India and Bangladesh).
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Figure 5b shows the distribution by sector of employment within the delta. The results show

that the labour within the delta, to a large extent, work to satisfy the final demand within the

delta itself. This is evident in the Services, Agriculture & Forestry, Food industry and

Manufactures & mining sectors. It is also observed that quite a significant number work to

satisfy the final demand of the non-delta and RoW in the Agriculture and Forestry as well as

Services sectors.

Figure 5b: Employment of the delta by demanding sector

Source: Elaboration from the computations with the IO table and extensions of the Delta and
Rest of the country

Further, Figure 6 builds on the results shown in Figures 5a and 5b by indicating the distribution

of skilled and unskilled labour across industries within the Volta Delta. From the foregoing,

embodied unskilled labour is quite active in the Food products nec., while direct unskilled

labour is prominent in the fishing industry and paddy rice production. Skilled labour for the two

categories are much present in Food products nec. and construction than elsewhere. To a

larger extent, this could be due to the technical supervision that these two industries require.

Figure 6 Direct and embodied labour of the delta by sector
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Source: Elaboration from the computations with the IO table and extensions of the Delta

With regard to employment distribution by gender across regions, the results shown in Figure

7a reveal that, out of the total males employed by the non-delta, 73 percent work to satisfy the

final demand of the non-delta itself, 25 percent for RoW, while 2 percent to work to satisfy the

final demand of the Volta Delta region. Likewise, of the males employed in the delta, 70

percent work to satisfy the final demand of the delta region itself, 14 percent satisfies the final

demand of the rest of the RoW and 16 percent, the non-delta. This trend is not different for

female employment across the demanding regions. Whilst majority of females within the delta

work to satisfy the final demand of the delta itself, majority of females within the non-delta work

to satisfy the final demand of the non-delta itself as shown in Table 8a. This implies that in

both within the delta and non-delta regions, the different gender categories of labour work to

satisfy local consumption.

Similarly, Figure 7b shows the distribution of employment by gender in major sectors across

the regions. It is quite revealing that agriculture is the number one male employer across the

different regions, whilst the service sector employs the most females. Agriculture employs 45

percent of non-delta males and 41 percent of delta males, whilst the service sector employs

48 percent of non-delta females and 44 percent of delta females. The results also reveal that

there are no females in the construction sector across regions which may be due to the

physically demanding nature of the sector or lack of interest. On the other hand, in the food

industry across regions, more women than men are found in relative terms.
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Figure 7a: Employment by gender of the Non-Delta and Delta by demanding region

Source: Elaboration from the computations with the IO table and extensions of the Delta and
Rest of the country

Figure 7b: Direct and embodied labour by sector and gender in the Non-Delta and Delta

Source: Elaboration from the computations with the IO table and extensions of the Delta and
Rest of the country.
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workers in the non-delta in shown in Figure 7a. The distribution of unskilled labour also follows

a similar pattern as the distribution of male workers in the delta and, the same holds true for

the distribution of female workers in the delta and non-delta. The results indicate that,

regardless of skills set, labour produces mainly to satisfy domestic demand (within the Volta

Delta) than export (i.e. non-delta and RoW). However, the proportion of delta exports to the

non-delta is found to be higher than in the other deltas in India and Bangladesh being studied

under the DECCMA Project.

Figure 8a: Embodied labour by skill type (GTAP classifications)

Source: Elaboration from the computations with the IO table and extensions of the Delta and
Rest of the country

The distribution of embodied labour by sector and skill type reveals that the agricultural sector

in the non-delta employs most of the unskilled labour, followed by manufacturing, then mining

and food. While the agricultural sector employs most of the embodied unskilled workers in the

delta, the services sector is the second largest employer, followed by manufacturing, mining

and food. Interestingly, there is hardly any skilled labour in the agricultural sector across

regions, with the services sector employing in excess of 90 percent of the embodied skilled

labour in both the non-delta and 76 percent in the delta, as shown in Figure 8b.

Figure 8b: Embodied labour by sector and skill type (GTAP classifications)
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Source: Elaboration from the computations with the IO table and extensions of the Delta

4.3: Land, environmental embodiments and footprints

This section focuses on land use and their impact on the environment. The results shown in

Figure 9 relate to the sectoral analysis of labour by examining the land use and environmental

impacts. The findings establish that, the direct agricultural land use is clearly dominated by

the pastureland, assigned to the production of raw milk, of animal products nec. and others;

then also of other crops and vegetables, fruits and nuts.

This changes substantially when compared to the embodied agriculture land in the final

demand of goods and services. In particular, it is observed that the embodied land use in the

animal products nec. is particularly relevant, mostly occurring to satisfy the exports (final

demand of the non-delta and RoW). Furthermore, sectors not directly using agricultural land

the most, such as food industry sectors, have notable embodied (directly and indirectly)

agricultural land levels.

63%

39%

1% 0%

3%

7%

0% 0%

8%

9%

1%
10%

9%

10%

1%

10%

5%

3%

2%

3%

12%

32%

94%

76%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

NonDelta Delta NonDelta Delta

Unskilled Unskilled Skilled Skilled

Services

Construction

Manufactures & mining

Energy

Food

Fishing

Agriculture & forestry



17

Figure 9: Direct and embodied Cropland and pastureland (1000 hectares) of the delta

Source: Elaboration from the computations with the IO table and extensions of the Delta

Table 2. Summary of import, export and footprints
Direct in
production

Embodied
exports
(E)

Embodied
imports
(M)

Net
trade
(E-M)

Footprint

Delta. Employment

(1000 people)

355 113 318 -205 560
Delta. Land (1000 hectares) 670 222 612 -390 1060
Delta. Energy (Mtoe) 0.1 0.0 0.1 -0.1 0.2
Delta. CO2 (Mt CO2) 0.1 0.0 0.1 -0.1 0.2
Non-Delta. Employment

(1000 people)

9,576 2,706 2,624 83 9,493
Non-Delta. Land (1000
hectares)

17,990 4,618 4,434 184 17,806
Non-Delta. Energy (Mtoe) 2 1 1 0 2
Non-Delta. CO2 (Mt CO2) 2 1 1 0 2

Source: Elaboration from the computations with the IO table and extensions of the Delta and
Rest of the country

Table 2 summarizes the direct uses of resources and environmental impacts (i.e. CO2

emissions) in production, embodied exports and imports and associated footprint (the

embodied use or impact in the final demand of the households of the area –delta or Rest of

the country). According to these preliminary results, the Volta Delta region is a net importer
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(embodied in higher levels of imported goods and services than exported) of agricultural land,

employment, energy and CO2 emissions. The results in Table 3 summarize the embodied

exports and imports between the delta and the non-delta. These results further confirm that,

the Volta Delta is also a net importer (embodied in higher levels of imported goods and

services than exported), of agricultural land and employment.

Table 3. Summary of import, export and footprints only between the delta area & the
Rest of the country

Direct in
production

Embodied
exports (E)

Embodied
imports (M)

Net trade
(E-M)

Delta. Employment

(1000 people)

355 60 187 -127

Delta. Land (1000 hectares) 670 175 361 -186

Delta. Energy (Mtoe) 0 0.0 0.0 0.0

Delta. CO2 (Mt CO2) 0 0.0 0.0 0.0

Non-Delta. Employment (1000
people)

9,576 187 60 127

Non-Delta. Land (1000 hectares) 17,990 361 175 186

Non-Delta. Energy (Mtoe) 2 0.0 0.0 0.0

Non-Delta. CO2 (Mt CO2) 2 0.0 0.0 0.0

Source: Elaboration from the computations with the IO table and extensions of the Delta and
Rest of the country

5.0 Summary and Conclusion

This working paper has revealed some insights of the baseline, the present state of Volta delta,

studied in the project DEltas, vulnerability and Climate Change: Migration and Adaptation

(DECCMA). Those insights focused on socioeconomic and biophysical context as shown with

the analyses of employment and environmental embodiments and footprints. The input-output

(IO) table and model have shown and used interdependencies through the supply chain up to

the final demand of goods and services in the delta, in the country and in the Rest of the world.

From this paper, it could be concluded that, even though the Volta Delta economy is diverse,

the agricultural sector remains dominant. Notable is the fishing sector, which is relatively much

larger than in the rest of the country. Also, trade and transport activities which quite often go

unnoticed when highlighting important sectors of the deltas, such as small business trade, etc.,
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and interestingly some manufacturing activities, were revealed to be relatively predominant in

the Volta delta economy compared to the situation in the rest of the country (non-delta)

Significantly too, the work of females satisfies directly and indirectly slightly less the final

demand abroad (both in the non-delta and in the Rest of the World than the work of male).

The embodied work of women in the delta is most pronounced in services and manufacturing

(including the food industry), while being relatively (with respect to male) less pronounced in

agriculture, energy, fishing and construction sectors. Also, compared to the females in the

non-delta, the employment in services and agriculture is smaller, and higher in manufacturing

(including the food industry) and fishing. In addition, the work of the relatively skilled labour in

the delta is embodied in the services (although being this fact even more marked in the non-

delta, in a much higher proportion than in other countries studied in DECCMA), while being

relatively less pronounced (with respect to the unskilled work) in agriculture and the fishing

sectors. In the non-delta, obviously except services, and the construction sector, any other

sector has a smaller share of embodied labour than in the delta.

Further, the results on land uses show that agricultural land use is dominated by pastureland,

notably in the part assigned to the production of raw milk, but also to animal products nec. and

others; then also of other crops and vegetables, fruits and nuts; finding more embodied

agriculture land in the final demand of goods and services in the animal products nec. In

particular, the embodied land use is also relevant in sectors not particularly having an

important direct use, such as food industry sectors.

In conclusion, from these preliminary results, the delta is a net importer (embodied in goods

and services from other regions, higher than in exports) of all the metrics studied including

agricultural land, employment, energy and CO2 emissions.
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Appendices

Appendix  1. Codes

Lab: All other workers (previously classified as unskilled in GTAP 8), mgr: Managers and
professionals, tec: Technicians and associate professionals, clk: Clerical support workers, srv:
Service and sales workers.

Appendix  2. The Delta definition

Districts: Ningo Prampram (former Dangme west), Ada west and Ada east (former Dangme
east), Central Tongu, Akatsi South, South Tongu, Keta Municipal, Ketu South and Ketu North.

Appendix 3. The Delta input-output table (aggregated to the main sectors) (Mio USD)

Non-
Delta.
Agricu
lture

Non-
Delta.
Indus
try

Non-
Delta.
Rest
(Constru
ction and
Services)

Delta
.
Agric
ultur
e

Delt
a.
Ind
ustr
y

Delta.
Rest
(Const
ruction
and
Servic
es)

Non
-
Delt
a.
FD

Del
ta.F
D

Exp
orts

Tota
l

Non-Delta. Agriculture
1,247 1,570 192 28 48 3

8,1
61 154

2,65
5

14,0
58

Non-Delta. Industry
239 2,395 1,854 2 49 12

6,5
10 48

5,66
0

16,7
69

Non-Delta. Rest
(Construction & Services)

1,865 4,569 6,929 27 97 112
16,
949 283

1,96
2

32,7
92

Delta. Agriculture
0 5 1 2 81 7 90 290 71 548

Delta. Industry
1 35 6 25 138 92 86 417 107 907

Delta. Rest (Construction
& Services)

6 16 16 107 163 176 25 553 11
1,07
3

Imports 936 3,112 3,751 35 110 117
11,
524 116

-
19,7
01 0

VA 9,764 5,066 20,042 322 221 556
1,1
04 11

9,23
5

46,3
22

Total

14,05
8

16,76
9 32,792 548 907 1,073

44,
448

1,8
73 0

112,
469

* Representation of the commercial account balance.

Appendix 4. Methodology for the Study
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A4.1 General approach of the (labour, gender, land, environmental) embodiments and
footprints

The general approach taken for the preparation of this working paper is an environmentally
extended input-output model. This allows studying elements such as labour, gender, land,
environmental embodiments and footprints. In order to study the effects of alterations such as
demand changes or climate change in these areas, interdisciplinary knowledge and models
were required. These allow one, for example with a classic model of Leontief demand, to see
how domestic demand (households, private institutions, government etc.) and external
(exports) requirements influence levels of labour and resource use, which may well find
availability limits (obviously generating growth limits, etc.).

Generally, developing regional tables and extensions of specific Deltaic areas that do not
match with the economic or political boundaries, poses additional challenges. As a result,
there was much focus on:

- exploration and description of the structure of the economies studied.
- information directed towards the larger or most important sectors of the economies
studied and the inclusion of boundaries on some flows.
- the choice of the departure matrix of the surrounding country or region, with an
economy similar to the one under consideration and the analysis of the problem of zero
location.
- when having to use neighbouring or different scale IO data, identifying similarities
rather than differences in regions economic structures.
- the (mis-)match between the political, economic and natural resources (in particular
the hydrology defining the Deltas) boundaries and data.

A4.2 Scheme of delta and non-delta input-output table and equations for the model

The scheme used to generate the multiregional input-output table (IOT) for the delta, the rest
of the country and the world is shown in Figure A4, where the set of red squares representing
transactions of intermediate goods Z = (zij) and set of blue boxes represents the matrix and Y
is the vector of final demand. The structure of IOT for the Delta and Non-Delta regions that
were needed to be accomplished is shown in Figure A4.

Figure A4: MRIO for the Delta and Non-Delta regions.
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Source: Adapted from (Kanemoto et al. 2011; Lenzen et al. 2013).
From Figure A4, T represents the Intermediate Domestic matrices, M the Intermediate Import
matrices, y the final demand excluding exports of final goods and services to the other region,
N the final demand of exports (or imports respectively for each region) of goods and services
from the other region in the same country, e the column vectors of the exports of each of the
regions to the rest of the world (RoW), m shows the row vectors of the imports of each of the
regions from the RoW, x is total gross output, and v is the Value Added/Primary Input.

Departing from the basic model of Leontief: x=Ax+y ↔x=(I-A)-1 (1)

Where ix is the gross output of good i; x the vector of outputs of the economy; iy the final

demand of goods i; Y the matrix of final demand column vectors;  ijaA the matrix of

technical coefficients of the multiregional table indicated above, defined as /ij ij ja x x

aij=zij/xj; finally, L=(I-A)-1 is called Leontief inverse. Being r=(ri) a vector of unitary coefficients
of resource (or "input") or impact (employment, land, water, CO2, etc.) per unit of output, we
obtain the multipliers, that is to say, the amount of resource directly or indirectly (embodied)
per unit of final demand:
ω=r'(I-A)-1 (2)
So when multiplying these values, the directly and indirectly "required" amounts (used) are
obtained, verifying that:
r’x=r’(I-A)-1y=ù’y (3)
In sum, this system allows for consistently (avoiding double-counting, etc.) measuring the
direct and indirect social and environmental requirements for the goods and services supplied
to the consumers.

A4.3 Data and regionalization method for the construction of the input-output table
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The most recent dataset from the Global Trade Analysis Project (GTAP) version 9 with
detailed accounts of regional production and consumption, bilateral trade flows, land use,
energy flows, and CO2 emissions, all for the base year 2011 was used (Narayanan et al.
2015). The GTAP database is aggregated toward a composite dataset that accounts for the
specific regional requirements of the analysis. Regarding the data regionalization and update,
the departure matrix of a country, surrounding or neighbouring region with an economy similar
to the one under consideration, which in this case is the country table for 2011 of GTAP 9 was
first chosen. One of the most popular regionalization methods, variants of the Simple Location
Quotient (SLQ) method2 which has been recently developed and defended as superior to
many others including the Flegg’s Location Quotient (FLQ) (Tohmo 2004; Flegg and Webber
1997, 2000; Flegg et al. 1995; Flegg and Tohmo 2013; Kowalewski 2012) was followed. These
works have shown the advantages of this method (e.g. improving the SLQs –only accounting
for the selling sector- and Cross Industry Local Quotient, CILQ –considering the selling and
purchasing sector, but useless for the main diagonals). In order to use this method, and
regionalize to the delta, the original national table and data of intermediate transactions, the
employment and production totals by sector were the main data employed. Then, completing
other parts of the table with “real” or specific delta data (e.g. the rows of employment, land
use, etc., and columns of household consumption, government, exports, etc.), these “superior”
data are added to make the best use of the available local data and avoid possible biases.

A4.4 Peculiarities for the construction of the input-output table of the Volta Delta

The main information that allows doing the regionalization are the District Analytical Reports
(by each of the 10 districts, GSS, 2014). In particular, the "Table 4.4: Employed population 15
years and older by Industry and sex" and "Table 4.3: Employed population 15 years and older
by occupation and sex", complemented by other information3. With these tables, for the Volta
delta in Ghana, a RAS approach was performed to apportion the employment by category
type (lab, mgr, tec, clk, srv, which are the unskilled and skilled categories of GTAP 9, see
Appendix 1) and sector (each of the 57 sectors). On the one hand, the employment by district
and gender (male/female) for 21 sectors, which were split to 57 (the agricultural sector was
disaggregated based on the particular information of the table "Table 7.1: Households by
agricultural activities and locality" and the agricultural production data (MOFA, 2015); while
the rest of the sectors were split in the same proportion than the equivalent split of 21 to 57 at
the national level of Ghana, which was given in the labour force survey that the ILO gathered
(ILO, 2015). At this national level, the information of the employment by category type (lab,
mgr, tec, clk, srv) by each of the 21 sectors exists (ILO, 2015). But for the districts, only the
total by category type (lab, mgr, tec, clk, srv) were obtained, not knowing for which of the 21
districts it belongs.

One could split these employments by category type as for the nation (Ghana), but then the
employment by each of the 57 sectors already obtained could not be matched. That is why
the RAS approach for this 5x57 employment table was needed to match the totals by category

2Several studies among the earliest ones identified and defended the Simple Location Quotient method (Schaffer and Chu
1969a, 1969b; Morrison and Smith 1974; Eskelinen and Suorsa 1980; Sawyer and Miller 1983).
3 "Table 7.1: Households by agricultural activities and locality"
"Table 4.6: Employed population 15 years and older by employment sector and sex”
“Table 4.5: "Employed population 15 years and older by employment status and sex"
"Table 2.1: Population by age, sex and type of locality" (to capture demography)
"Table 4.1: Population 15 years and older by activity status and sex" (to connect the demography with employment)"Table
2.5: Birthplace by duration of residence of migrants" (to capture migration)”.
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type, and at the same time by sector (already obtained as explained above for the 57 of
GTAP). Finally, at the national level, minor corrections were applied to the employment data
in order to obtain (as the ratio of the labour rows in GTAP and the employment of people)
reasonable wages, when they do not reach a minimum of 100$ per year (e.g. as it occurs with
the original data of the wage of unskilled labour in the transport sectors) or exceed the
maximum of 200,000$ per year (e.g. as it occurred with the original data of  the wage of the
managers and professionals in the transport sector and for the technicians and associate
professionals in the dwellings sector).

Other key data for the construction of the IO table, in particular the agricultural sector, were
the agricultural land uses, production, prices, data of livestock numbers and keepers (MOFA,
2015), and for fisheries, the FAO and Fisheries Report 2012. Then the Social Accounting
Matrix (SAM) was obtained from the regionalization of transfers and institutional (government,
households, societies) interrelations, both at the national (already in GTAP 9) and delta levels.


