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A.1. Country case studies

Understanding the impacts of domestic carbon pricing in Ghana, Nigeria and Uganda provides
valuable insights into the diverse challenges and opportunities of carbon taxation across SSA.
With per capita emissions of 2.9 tCO2e, African countries contribute much less to global
greenhouse emissions than other world regions despite their growing population which now
stands at 1.1 billion (Ankel-Peters et al., 2025). Forty-five per cent of these emissions come
from land-use change and forestry. Albeit from a low baseline, emissions are growing at a rapid
pace. Emissions in Ghana and Uganda (without land use change) grew from 16.8 and 23.7 (Mt
CO2e) in 2000 to 49.5 and 53.9 in 2020, respectively. Nigeria’s total emissions (again without
land use change) remained roughly constant between 2000 and 2020 at about 400 MtCO2e.
Because of strong population growth, Nigeria’s per capita emissions thus even declined from
3.4 (in 2000) to 1.9 tCO2e/capita, close to Ghana’s per capita emissions of 1.6 9 tCO2e/capita
(in 2000, Uganda: 1.2 tCO2e/capita).! The future paths of these economies and the associated
emissions are uncertain, but these different trajectories reflect the very important differences
between these countries in terms of their socio-economic development, energy consumption
and carbon intensity patterns that we discuss in this section along with the data sources used for
the empirical analysis.

Considering the three countries in our analysis therefore allows to show the implications
of these differences for the impacts of carbon prices. We do not think that the countries can be
taken to represent a specific “category of SSA countries”. Yet, all three have characteristics that
can be found elsewhere in the region (and beyond). This includes low levels of economic
development and modern energy penetration (for example, in many countries of the Sahel
region), high inequality paired with fossil fuel dependence both in exports and in domestic
consumption (for example, Gabon or Equatorial Guinea), and an increasing share of urban
populations that possess electrical appliances and motor vehicles (many African countries, for

example, Ethiopia, Kenya and Senegal).

A.2. Methodological details

A.2.1. Embodied domestic emission intensity

Our analysis uses and refines standard MRIO approaches to derive embodied domestic
emission intensities (e.g, Miller and Blair, 2009). There are merged with region/country-

specific household survey data. The approach is similar to those employed in Feindt et al.

! The emissions data in the paragraph is from the World Development Indicators
(https://databank.worldbank.org/source/world-development-indicators).
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(2021), Malerba et al. (2021) or Steckel et al. (2021). MRIO data consist of two main datasets,

first an inter-industry flow matrix Z € RM™M*(MM) \where n is the number of regions, m is the
number of sectors, and secondly, the final demand vector Y € R™™ " Single entries of Z, such

758 . . . . . .
as z,.52, reflect the monetary value of flows originating from sector s, in region r; and going

to sector s, in region r,, withry,r, € R ={1,...,n}and s;,s, €S = {1, ..., m}. Analogously,
yrri s, corresponds to the monetary flows from sector s; of region ; into final demand in region
ry.

Both are used to derive the Leontief inverse. In a first step, the technology matrix A €
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RMMWXMn) with single entries a rise

/0y,s, is derived, where o, 5, = X Zr(zrrz’iz) +
Y ¥ s, is a sector’s total output. The Leontief inverse then results as L = (I — A)~". L reflects
all pre-products that have eventually been used at some upstream stage during the production
process.

GTAP reports the final demand for households separately and accounts for households’
direct emissions. Let F € R™ ™ denote the CO> emissions vector, with elements F,.;, which
refer to the total emissions released by sector s in region r. We are only considering for each
country case the emissions that have been released within the respective country. Hence, all
values not referring to the case country are set to zero. The resulting emission vector in
combination with the Leontief inverse and the direct emission of household consumption is
used to calculate the embodied domestic emissions associated with each consumption category
E’ (see Steckel et al. (2021) and Malerba et al. (2021) for details). F allows to calculate price
increases for each consumption category due to the introduction of a domestic carbon tax.
A.2.2. Tax burden simulation
We value each tonne of CO; at US$40 and then calculate the new expenditure per capita by
adding the per-capita value of the additional tax burden, implicitly assuming that consumption
quantities remain constant. This new per capita expenditure (em,tzl) att = 1 (that is, after the
introduction of the carbon tax) is then divided by the initial total expenditure at t = 0, which
gives the price increase factor k,.¢:

k. = ersi,t=1 _ (E‘Z * 40)/N + ersi,t=0 (Al)
rs — - .

€rsi,t=0 €rsit=0
For each individual i (all individuals in the households have the same per capita
consumption), we multiply consumption category-specific per capita expenditure e,g; by the
category-specific and country-specific price increase factor k,.;. The total tax burden per capita

(yrsi), as well as the relative tax burden as share of total expenditure (¥,.;) are given by:



Yrsi = €rsit=1 — €rsit=0 — ks * €rsit=0 — Ersit=0 (A2)

Vrsi . (A3)

ersi,t:O

Vrsi =

The carbon tax covers formally marketed products. For that reason, we will simulate a
price increase for kerosene due a carbon tax introduction, but not for charcoal or firewood in
the tax burden simulation below since the latter are typically distributed through informal
markets (or collected by the households themselves in the case of firewood).

A.2.3. Sources of welfare losses: factor inequality decomposition
We adapt the factor decomposition of income inequality developed by Shorrocks (1982) to the
context of carbon taxation and apply it to the relative tax burden y as a sum of K different factor

sources:
K (A4)
Vi = Z Viks
k=1

where y;;, denotes carbon tax burden for individual i (i =1, ...,N) for k = 1,2, ...,K. In our
case, the index k ranges over the values 1 to 6, corresponding to the consumption categories:
petroleum products, natural gas/LPG, electricity, public transport, food, and durable items. For
consistency with the carbon tax incidence analysis, we define the carbon tax burden (i.e.,
welfare loss from carbon pricing) as a share of total expenditures.

Inequality (or variation) is measured by a function I(§) satisfying certain assumptions
specified by Shorrocks (1982). I(7) can be decomposed into a sum of K components, denoted
by Sy (J, ¥) as:

K (AS)
I(y) = z S5k ¥) ,
k=1

where ;, refers to the A" source of the carbon tax burden. The proportional contribution of S, to

. . o Sk y :
inequality measure I(§) is defined as: s, = "1(2/—37")” . We use the variance as a measure of

inequality in our analysis. The proportional contribution to inequality (sj) is then defined as the
ratio of the covariance between the component y, and total carbon tax incidence y to the
variance of y:
L cov0i9) (A6)
a2
o (i) mean(§) CV(F)
= pr * — = P * — % —.
a(y) mean(y)  CV ()




This can further be decomposed into subcomponents including the correlation coefficient
(px), standard deviation (o), mean, and coefficient of variance (CV) of %, and 7.2 By
construction, s; + s, + -+ + S = 1. Such a decomposition is independent of the inequality
measure /() and holds for any inequality measure that is continuous, symmetric and for which
I[(¥) = 0 if and only if § = pe, where e = (1,1, ...,1) and p is the mean of the relative tax
burden in this case.

It is important to note that this decomposition exercise only analyses the distribution of
welfare changes without taking into account the position of the respective individual in the
(initial) welfare distribution. We thus decompose the variation in welfare. Using “inequality”
here is somewhat misleading since it carries the notion of regressivity. Yet, in principle, we
might have a distribution of welfare changes, which is highly unequal but favours poor
households. This should be borne in mind when interpreting the below results. It is an exercise
that is useful for detecting the source of variation/heterogeneity in welfare changes, however,
it is not a distributional incidence analysis.

We are most interested in the results from a decomposition of within-group tax burden
inequality. Specifically, following Halvarsson et al.'s (2018) approach, we apply the above
approach to the distribution of the carbon tax burden within each income quintile. In this case,
equation (A6) can be written as ¥;; = ;1 + Jjiz + -+ + Jjix for quintile j (j = 1,2,3,4,5). The
relative contribution of the k" consumption source for the j” income group can then be

cov(Yjk, Vj

expressed as: sj; = 25 ) . This is how we measure the contribution of the different energy
J

consumption categories to horizontal variation, i.e., within each income quintile.

A.3. Further results on the decomposition analysis

Figure A3 breaks down the decomposition results by urban-rural divide. The striking difference
occurs in the relative contribution of natural gas/LPG, which is more prominent among urban
households in Nigeria and, to a lesser extent, in Ghana. This is in line with the higher budget
share of gas among urban Ghanaians and Nigerians, being over five times that for rural
households. In parallel to the findings from the entire sample (shown in figure 3), petroleum
products are by far the largest contributing source to the carbon tax variation in both rural and
urban Uganda, while public transportation contributes more to this variation in rural areas, and

electricity spending contributes more to urban areas.

2pr = cov(y, y) / o(y)o(y) and CV (y,) = o(yy)/mean(yy), and CV (y) is defined analogously.
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While this preceding analysis looks at the sources of both between and within income-
group variation, we now turn to factor decomposition results by income quintiles. We present
results as differences to the average contribution shown in figure A4. A positive contribution
thus means that, in the country and quintile under consideration, the respective factor has
contributed more to within income-group variation than is “typical” for the respective country.
In Ghana, where differences in other expenditures account for a substantial portion of the
overall carbon tax burden variation, these matter most among poorer households. In turn, fossil
fuels are a relatively more important source of within-group differences in welfare changes
among richer households, as is electricity for middle-income households. These patterns reflect
the energy consumption patterns both at the extensive and the intensive margins. Electricity
access, for example, is not universal in Ghana’s middle-income groups, which explains the
previous result. Further, fuel consumption for private vehicles is not universal among the richest
income quintile and there will also be heterogeneity at the intensive margin.

Even within countries, the drivers of horizontal variation follow complex patterns that
vary as a function of income and the specificities of energy consumption. The results for the
other two countries therefore also differ in important respects: in Nigeria, we find natural gas
expenditures increase their contribution in higher income quintiles, while petroleum product
expenditure contributes more among poorer households. This is because low-income
households in Nigeria spend more on petroleum products — as opposed to Uganda, where
petroleum products contribute less to the variation among poorer households. Here, public
transport is the common but not uniformly used means of transport for the poor.

In sum, this detailed analysis of horizontal variation — here in carbon-tax-induced welfare
losses —indicates that within-group variation or heterogeneity matters a great deal. This is the
case although further potential sources of within-group heterogeneity are likely to be present
that our analysis does not fully capture empirically, for example, due to the high level of
aggregation of the GTAP sector as well as regional within-country differences in carbon

intensities of production.® The decomposition analysis, when results are compared across

3 For GTAP sectors (see tables A1), the argument can be made that underlying items are highly heterogeneous and
potentially change with varying income levels, which has been shown for MRIO sectoral level (Feindt ez al., 2021;
Steckel et al., 2021; Starr et al., 2023). There will also be differences in embodied carbon intensities between
regions within countries, such as urban and rural or arid and humid areas. This is, for instance, because of storage,
production, preparation of food, and transportation that have an influence on the embodied amount of emissions
(Lietal.,2022; Afrouzi et al., 2023) and hence emission intensities, especially for food items (Poore and Nemecek,
2018) but likely also for other commodities categories.



countries, shows that the pattern can be rationalized by the specific (energy) consumption

patterns. The importance of country-specificities implies that they cannot be easily generalized.

A.4. Methodological limitations: horizontal variation

Our method and data come with caveats with implications for the interpretation of these
distributional results, especially the horizontal inequality effects. First, the incomplete
representation of carbon intensity heterogeneity of certain goods — as discussed above — is likely
to weigh more heavily for selected households than for others. For example, richer households
may consume (more) imported foods with higher carbon footprints than poorer households. It
is difficult to anticipate the implications of more fine-grained data on goods and their carbon
intensities for our results. On the one hand, this would probably lead us to observe more
heterogeneity and thus horizontal inequality among richer and urban households, for example,
because of imported food. On the other hand, the larger food share of poorer households implies
that we are also likely to underestimate within-group heterogeneities for these households.
Second, our approach captures well the carbon intensity heterogeneity and hence tax burden
inequalities that result from the consumption of taxable electricity, fossil fuels, and transport
resulting mainly from differences in the ownership of energy-intensive durables, such as motor
vehicles, air conditioning or household appliances, goods owned primarily by richer
households. Thus, while we do well in representing the sources of horizontal variation in the
upper tail of the income distribution, our approach may do less well for poorer households and
underestimate heterogeneity in the lower tail. Third, the omission of substitution effects is likely
to be more relevant for the lower tail of the distribution, i.e., considering them would probably
lead to finding more variance in the tax burden among poorer households. This is because (a)
they are more price sensitive, and (b) there are very pronounced differences among poor
households, for example rural households with the possibility to collect firewood “for free” and

urban households without such access.



A.5. Additional figures on consumption patterns and welfare analysis
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Figure A1l. Energy expenditures as a share of total household budget, by income quintile
for Ghana, Nigeria and Uganda.

Note: The presented categories are biomass (comprising charcoal and firewood, mainly used for
cooking), fossil fuels (comprising petroleum products and natural gas, used for transport and cooking,
LPQG), electricity (mainly used for lighting, household appliances and cooking), and public
transportation.
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Figure A2. Welfare effects of a $40/tCO;-carbon tax by consumption categories.

Notes: The change in welfare refers to the average welfare effect calculated for each consumption item,
at each percentile, as the percent change in total expenditures. While the Y-axis represents the percent
change in households’ total expenditures, the X-axis represents expenditure percentiles that are
calculated based on households’ total real expenditures.
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Figure A3. Relative contribution of factors to the difference in domestic

carbon tax burden by rural and urban areas.

Notes: The proportionate contribution of a factor (i.e., consumption category) to variation of the total
carbon tax burden is computed as the ratio of the covariance between the tax burden from that factor
and the total carbon tax burden (as described in equation (A6)). The percentage relative contributions
denoted in the Y-axis add up to 100 and are computed separately for rural and urban areas.
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Figure A4. Relative contribution of factors to the inequality in
tax burden by income quintiles.

Notes: The relative contribution of one factor to the inequality in carbon tax burden per income quintile
is depicted as its difference from the average contribution of that factor to the overall variation in the
carbon tax burden. Income quintiles are computed based on total expenditures and denoted by the prefix
“q” followed by a number to indicate the corresponding quintile from 1 to 5.

B. Data related details

How to treat durable goods?

Since durable goods are purchased infrequently, which will cause noise in the tax burden
calculation, we use information on household asset data instead of expenditure data. Hence,
investment from multiple previous years is reflected in our expenditure data as long as the
household still owns the respective asset. We assume a lifetime of 10 years for each durable.
That is, the current estimated market value is discounted by 90 per cent before counting it as
yearly expenditure, hence calculating the use value of each durable. For inter-country
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comparison, we convert the expenditures that are reported in local currencies into US dollars

(US$).* Rent payments and real estate purchases are excluded from the analysis.

The matching of GTAP with the household expenditure data

Utilizing the conversion table provided by GTAP, over 200 consumption items from household
surveys are matched to corresponding GTAP sectors. As the number (and the coverage) of
consumption items varies across the expenditure surveys of the three countries, the number of
GTAP sectors that are matched differs. There are 790, 228 and 255 consumption items in the
GLSS, NLLS and UNHS, respectively, all of which are included in the analysis. While all
consumption items listed in the surveys are matched to GTAP sectors, not all GTAP sectors
have a corresponding match in the LSMS surveys. In total, 43 GTAP sectors are matched in
Ghana, 41 in Uganda and 38 in Nigeria, leaving 22, 24 and 27 unmatched sectors, respectively.
Among these, 14 unmatched sectors are common across all three countries and typically
represent economic activities not directly relevant to household consumption, such as mining
and extractive industries. Table A2 lists the GTAP sectors matched with the consumption items
in the expenditure surveys of the selected countries and identifies the unmatched sectors for
each country. Tables A7a and A7b give an overview of embodied emissions that are associated
with household consumption in GTAP of the three considered cases. In combination with table
A2, they allow us to understand the relevance of unmatched sectors.’

The matched data enable us to link household-level expenditure items to GTAP sectors
and their corresponding sector-specific domestic embodied carbon intensities. Tables Ala, A1b
and Alc give an overview of the domestic carbon intensities of the three case studies and
highlight the 10", 25 75% and 90 percentile for GTAP sectors across all countries. Because
survey years of the household datasets differ across countries, we deflate expenditure data to
2014 using the annual consumer price inflation index and then convert it to US$.® To generate
meaningful tax revenue and total burden figures, we scale the survey expenditure figures

according to the difference in average expenditure per capita between GTAP and the surveys

4 For the conversion, we use official or market exchange rates that are determined by national authorities and
calculated as an annual average based on monthly averages (local currency units relative to the US dollar). See the
reference https://data.worldbank.org/indicator/PA.NUS.FCREF retrieved on 23/09/2020. Using the exchange rates,
we first convert the local currency to the US$ and then adjust for (US) inflation to retrieve the 2014 US$ values.
> Tables A7b and A8, which respectively present the embodied emissions associated with household consumption
(in Mt CO2) and household consumption expenditures (in Mio US$) within GTAP sectors, allow us to calculate
the unmatched emission and spending shares. When the unmatched sectors — those not included in the analysis —
are aggregated, 5.6%, 13.1% and 9.2% of emissions are omitted for Ghana, Nigeria and Uganda, respectively. On
the other hand, the shares of unconsidered expenditures range between 12.8% and 17.2%.

6 Inflation rates were retrieved from: https://data.worldbank.org/indicator/FP.CPL.TOTL.ZG, accessed on
23/09/2020.
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(compared to table 1). This adjustment factor is equal to 1.25 for Ghana, 4.87 for Nigeria and
1.18 for Uganda. This procedure does not affect the welfare and poverty incidence analyses in

any way, as these are expressed in terms of expenditure shares.

Table Ala. Carbon intensity (tCO,/USD) of the 65 GTAP sectors considering emissions
from the respective countries only

GTAP sectors Ghana Nigeria Uganda
pdr 0.000171376 4.18301E-06 2.13608E-05
wht 5.52468E-08 1.85027E-06 9.02273E-09
gro 0.000131497 4.96984E-06 2.50322E-05
v_f 0.000107408 5.41636E-06 4.1867E-05
osd 0.000142113 2.39086E-06 4.03948E-05
c_b 7.32806E-05 2.21326E-06 5.77903E-05
pfb 9.09099E-05 0.001927405 4.83539E-05
ocr 1.01788E-05 6.62044E-06 5.58696E-06
ctl 3.56999E-05 0.075834463 6.35734E-05
oap 0.000131577 7.38104E-06 5.25716E-05
rmk 5.2795E-05 2.27398E-06 4.86646E-05
wol 5.41786E-07 3.61288E-06 1.19458E-05
frs 3.83053E-06 2.93802E-05 0.000143908
fsh 7.84179E-05 1.63245E-05 3.78735E-05
coa 0.019920387 0.020003183
oil 9.49805E-05 0.000103215
oxt 0.005813204 0.000432889
cmt 9.37648E-05 2.26069E-05 0.000128663
omt 6.68587E-05 2.51039E-05 9.33852E-05
vol 4.93242E-05 2.95731E-05 5.03564E-05
mil 9.15488E-05 2.50472E-06 5.61405E-05
pcr 1.37538E-05 2.41871E-05 2.09634E-05
sgr 7.901E-08 2.87943E-06 2.42499E-05
ofd 7.70631E-05 2.96203E-05 7.90294E-05
b_t 0.000156284 5.35114E-05 0.000100945
tex 4.12489E-05 3.74428E-05 0.00013293
wap 0.000114347 2.15086E-05 0.000107203
lea 6.13016E-05 1.55047E-05 3.72412E-05
lum 0.000158405 0.000101921 0.000333587
ppp 0.000133561 0.000326135 0.000187362
p_c 0.00344349 0.003988186 0.004110931
chm 0.000167705 0.000532198 0.000226084
bph 5.62314E-05 0.000236574 4.66691E-05
rpp 5.26133E-05 0.000853579 0.000124704
nmm 6.64631E-07 0.000679576 0.000294085
i_s 8.18697E-05 9.09594E-05 5.67381E-05
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4.48348E-05
0.000821727
0.00017107
0.000432978
0.001252267
2.02906E-06
5.08558E-05
0.000659561
0.001611049
0.005406308
0.000722132
313.1445436
3.44058E-05
7.77089E-06
0.00072859
0.000628567
0.000775785
0.000158982
6.61672E-05
4.5209E-05
4.43714E-05
8.87304E-05
7.82224E-05
0.000187052
0.005771493
0.000808634
0.001439864
5.39481E-05

4.87707E-05
0.000110001
0.000285472
0.000189353
0.0003788
9.14753E-05
9.75887E-05
0.000353713
0.007351017
0.017975548
0.000467443
15.93999871
0.000113477
7.12488E-05
0.000794992
0.000818459
0.00049672
4.85969E-05
9.04625E-05
5.22963E-05
4.87081E-05
0.000182009
5.86798E-05
6.4357E-05
0.005056889
0.001115815
0.001153238
9.24427E-06

0.00034513
0.000350485
0.00035967
0.000391287
0.000438782
0.000156879
0.000179778
0.000546002
0.002558429
9.60348E-05
0.000133438
0.001294697
0.000118179
0.000135028
0.001392749
0.00067445
0.000349017
9.79761E-05
9.05793E-05
3.1174E-05
1.94381E-05
2.37233E-05
1.65662E-05
0.000176255
0.000560033
0.000213703
0.000200346
1.26182E-05

Note: For explanations of GTAP sectors, refer to table A2.
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Table Alb. Sensitivity assessment conducted with GTAP 10.A. Carbon intensity (tCO,/USD) of the

65 GTAP sectors considering emissions from all local sources, only

pdr
wht
gro
v_f
osd
c_b
pfb
ocr
ctl
oap
rmk
wol
frs
fsh
coa
oil
gas
oxt
cmt
omt
vol
mil
pcr
sgr
ofd
b_t
tex
wap
lea

lum

ppp
p_c
chm
bph
rpp
nmm
is
nfm
fmp
ele
eeq
ome
mvh

otn

Ghana Nigeria Uganda Median p10 p25 p75 p90

1,71E-04  4,18E-06  2,14E-05 7,10E-05 1,76E-07  1,89E-05 1,71E-04  3,22E-04
7,30E-08 2,13E-06  1,10E-08 4,99E-05 7,56E-08 3,02E-06  2,08E-04 4,77E-04
1,32E-04  4,97E-06  2,56E-05  8,75E-05 9,76E-06  3,55E-05 2,27E-04  3,65E-04
1,08E-04 5,42E-06 4,19E-05 6,57E-05 1,21E-05 2,54E-05 1,39E-04 3,01E-04
1,42E-04  2,39E-06  4,05E-05 6,53E-05 2,39E-06  2,20E-05 1,69E-04  3,39E-04
7,48E-05 2,21E-06 5,79E-05 1,25E-04 1,40E-05 5,71E-05 2,82E-04  4,59E-04
9,10E-05 2,00E-05 4,86E-05 3,75E-05 4,07E-07 4,89E-06  1,75E-04  4,35E-04
1,22E-05 6,62E-06  6,03E-06  4,79E-05 9,70E-07 8,68E-06  1,42E-04  2,88E-04
3,58E-05 2,68E-06 6,37E-05 8,96E-05 1,99E-05 4,19E-05 2,36E-04  3,38E-04
1,32E-04  7,40E-06  5,35E-05  9,39E-05 2,27E-05  4,52E-05 2,05E-04  3,28E-04
5,27E-05 2,23E-06  4,86E-05 1,15E-04  2,48E-05 4,79E-05 2,44E-04 4,16E-04
8,52E-08 2,59E-06 4,21E-07 2,42E-05 4,37E-07 2,60E-06 1,22E-04 3,96E-04
4,20E-06  2,94E-05  1,44E-04  1,25E-04 1,86E-05 4,98E-05 2,40E-04  4,68E-04
7,85E-05  1,63E-05  3,79E-05 1,41E-04  2,39E-05 5,62E-05 2,77E-04  5,21E-04
1,99E-02 0,00E+00  2,00E-02  1,78E-02 0,00E+00 O0,00E+00  2,60E-02  3,07E-02
0,00E+00 9,50E-05 1,06E-04 1,73E-05 0,00E+00 O0,00E+00 1,03E-04 2,11E-04
5,38E-03 0,00E+00  8,38E-05 2,49E-03 0,00E+00 4,62E-07 5,28E-03  1,07E-02
8,20E-04 0,00E+00  4,64E-04  2,18E-04 0,00E+00 9,73E-05  4,80E-04  9,19E-04
9,56E-05 2,26E-05  1,29E-04  1,23E-04  3,68E-05 7,45E-05 1,98E-04 3,69E-04
7,22E-05 2,51E-05 9,33E-05 9,40E-05 1,94E-05 4,61E-05 1,62E-04 3,01E-04
557E-05 3,56E-05 5,26E-05 5,26E-05 4,02E-06  1,76E-05  1,26E-04  2,06E-04
9,84E-05 2,73E-06  5,63E-05 1,17E-04  3,34E-05 7,41E-05 2,08E-04  4,15E-04
1,75e-05  2,67E-05  2,10E-05  4,83E-05 1,32E-06  1,29E-05 1,27E-04  2,30E-04
9,18E-08 3,27E-06 3,07E-05 7,11E-05 1,16E-06 1,59E-05 1,81E-04 4,27E-04
8,26E-05  3,11E-05 7,98E-05 9,65E-05 3,57E-05 5,55E-05 1,77E-04  2,56E-04
1,63E-04 5,47E-05 1,01E-04 1,18E-04 2,91E-05 6,25E-05 1,91E-04 3,21E-04
4,97E-05 4,02E-05 1,44E-04 6,50E-05 1,13E-05 3,06E-05 1,47E-04  3,16E-04
1,27E-04  2,29E-05 1,10E-04  5,31E-05 4,25E-06  1,55E-05 9,86E-05  2,09E-04
6,99E-05 1,66E-05 4,43E-05 3,47E-05 3,72E-06  1,24E-05  8,72E-05 1,76E-04
1,61E-04  3,95E-05 1,38E-04  1,40E-04 4,56E-05  7,72E-05  2,35E-04  4,03E-04
1,65E-04  3,31E-04  1,84E-04 1,72E-04  4,55E-05  7,83E-05 3,26E-04  6,18E-04
3,45E-03  4,04E-03  4,11E-03  3,71E-03  3,04E-03  3,40E-03  4,04E-03  4,64E-03
1,94E-04  5,08E-04  2,35E-04 1,78E-04  2,23E-05 5,69E-05 3,19E-04 5,43E-04
6,08E-05  2,44E-04  4,83E-05 3,62E-05 4,65E-06  1,24E-05 1,10E-04 2,81E-04
6,43E-05  8,22E-04  1,34E-04 1,10E-04  1,50E-05 4,69E-05 2,51E-04 5,92E-04
9,00E-07 8,27E-04  3,05E-04  4,28E-04  1,19E-04  2,09E-04  8,80E-04  1,46E-03
9,57E-05 1,12E-04 6,35E-05  2,04E-04 0,00E+00  5,24E-05  4,89E-04  1,05E-03
4,64E-05 5,81E-05 3,19E-04 1,40E-04  2,24E-05 5,93E-05 3,12E-04 6,39E-04
3,55E-04 7,68E-05 1,69E-04 1,55E-04 2,34E-05 6,31E-05 2,45E-04  4,56E-04
8,02E-05 1,09E-04  9,41E-05 4,60E-05 5,94E-06  1,22E-05 1,09E-04 2,31E-04
6,92E-05 5,06E-05 9,90E-05 4,08E-05 3,63E-06 1,12E-05  8,05E-05  1,29E-04
1,39E-04  6,46E-05 7,83E-05 4,88E-05 5,09E-06  1,80E-05 1,03E-04  1,45E-04
1,10E-06  4,83E-05 5,67E-05  3,41E-05 2,80E-06 9,59E-06  7,42E-05 1,60E-04
3,42E-06  4,42E-05  4,22E-05 4,00E-05 3,42E-06 1,04E-05 9,10E-05 1,75E-04
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omf 3,02E-04  2,07E-04  3,12E-04 1,02E-04  1,54E-05 3,55E-05 2,14E-04 4,31E-04

ely 1,61E-03  7,35E-03  2,56E-03  2,76E-03  3,30E-04 1,33E-03  4,19E-03  6,67E-03
gdt 565E-03 1,80E-02 1,04E-04 6,37E-03  4,40E-05 4,89E-03  1,10E-02  1,80E-02
wtr 3,30E-04  2,24E-04  1,30E-04 2,72E-04 8,91E-05 1,43E-04 5,28E-04 9,20E-04
cns 1,49E-04  2,53E-05 6,79E-05 1,56E-04 5,51E-05 8,99E-05  2,74E-04  4,92E-04
trd 2,88E-05 6,37E-05 1,17E-04 1,26E-04 4,66E-05  7,45E-05 2,06E-04  3,16E-04
afs 7,77e-06  7,07E-05  1,35E-04  1,36E-04  4,49E-05 7,66E-05 2,42E-04  4,00E-04
otp 5,72E-04  6,91E-04 1,09E-03  8,30E-04 4,28E-04 5,56E-04 1,11E-03  1,68E-03
wtp 6,40E-05 3,47E-04 5,91E-05 3,71E-04 7,52E-05 1,77E-04  5,90E-04  1,06E-03
atp 3,94E-04  4,42E-04  2,45E-04 6,51E-04 2,89E-04 4,39E-04 9,48E-04  1,38E-03
whs 1,59E-04  4,79E-05 9,80E-05  1,43E-04 4,98E-05 7,91E-05 2,42E-04 4,66E-04
cmn 6,60E-05  6,04E-05 9,04E-05 8,75E-05  3,65E-05 5,57E-05 1,46E-04  2,36E-04
ofi 4,73e-05  5,17E-05  3,29E-05 6,09E-05 1,92E-05 3,27E-05 1,03E-04  1,98E-04
ins 4,44E-05 4,87E-05 1,94E-05 5,62E-05 1,52E-05 2,72E-05  9,06E-05  1,52E-04
rsa 8,85E-05 1,78E-04  2,38E-05 8,16E-05  2,28E-05 3,58E-05  2,04E-04  3,74E-04
obs 3,59E-05 4,16E-05 1,64E-05 5,95E-05  2,26E-05 3,50E-05 1,07E-04 1,97E-04
ros 1,87E-04  6,40E-05 1,76E-04  1,14E-04 3,79E-05 6,02E-05 2,22E-04 3,41E-04
0sg 1,49E-04 2,61E-04  1,15E-04 9,55E-05 3,59E-05 5,48E-05 1,63E-04 2,76E-04
edu 1,11E-04  2,29E-04  1,30E-04 1,11E-04 3,35E-05 6,08E-05 1,91E-04 3,06E-04
hht 1,23e-04 1,81E-04 9,33E-05 8,53E-05 3,17E-05 4,82E-05 1,56E-04 2,55E-04
dwe 540E-05 8,89E-06 1,26E-05 1,58E-05 2,27E-06 7,80E-06  3,44E-05  6,98E-05

Notes: Next to the first three columns presenting the carbon intensity of the three case study countries,
the 10th, 25th, 50th, 75th and 90th percentiles are displayed for all countries. Blue shading highlights
values below the 10th percentile, while red shading indicates values above the 90th percentile.
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Table Alc. Carbon intensity (tCO»/USD) of the 65 GTAP (10.A) sectors considering emissions from
all sources

Ghana Nigeria Uganda Median p10 p25 p75 p90
pdr 3,14E-04 1,86E-05 3,31E-05 2,43E-04 1,86E-05 1,06E-04 3,93E-04  5,75E-04
wht 5,43E-04 4,11E-04 4,76E-04 3,99E-04 2,22E-04 2,88E-04 5,45E-04 8,20E-04
gro 2,12E-04 1,68E-05 8,67E-05 3,89E-04 1,09E-04 2,10E-04 5,14E-04  7,25E-04
v_f 1,70e-04 2,30E-05 7,09e-05 2,19e-04 7,67E-05 1,38E-04 3,11E-04  4,36E-04
osd 1,90E-04 1,08E-05 6,74E-05 2,92E-04 5,26E-05 1,29E-04  4,15E-04  5,51E-04
c_b 1,99E-04 1,89E-05 9,07E-05 2,63E-04 6,77E-05 1,44E-04  4,62E-04  7,33E-04
pfb 2,62E-04 6,92E-05 1,25E-04 4,41E-04 1,07E-04 2,76E-04  6,20E-04  8,49E-04
ocr 4,60E-04 4,40E-05 2,96E-04 2,96E-04 1,10E-04 1,95E-04 4,13E-04 5,20E-04
ctl 1,07E-04 5,35E-06 8,94E-05 2,06E-04 7,28E-05 1,24E-04  3,41E-04 5,11E-04
oap 2,17E-04 1,60E-05 1,02E-04 2,32E-04 8,88E-05 1,41E-04 3,43E-04 4,51E-04
rmk 1,45E-04 4,29E-06 6,83E-05 2,22E-04 7,47E-05 1,19E-04  3,75E-04  5,57E-04
wol 3,20E-04 3,23E-04 3,67E-04 3,14E-04 1,90E-04 2,60E-04 3,98E-04  6,33E-04
frs 2,48E-04 4,56E-05 1,90E-04 2,29E-04 5,78E-05 1,18E-04  3,53E-04  7,04E-04
fsh 1,65E-04 2,88E-05 5,27E-05 3,47E-04 9,15E-05 2,04E-04 4,85E-04 6,78E-04
coa 2,07E-02 0,00E+00 2,05E-02 1,84E-02 O0,00E+00 0,00E+00 2,62E-02  3,10E-02
oil 0,00E+00 1,14E-04 1,60E-04 1,62E-04 0,00E+00 0,00E+00 2,90E-04 5,14E-04
gas 5,82E-03 0,00E+00 1,29E-04 2,52E-03 O0,00E+00 3,45E-05 5,53E-03  1,10E-02
oxt 1,14E-03 O0,00E+00 7,51E-04 5,12E-04 O0,00E+00 3,33E-04 7,90E-04 1,22E-03
cmt 1,54E-04 2,83E-05 1,72E-04 2,61E-04 1,24E-04 1,87E-04  3,62E-04  5,83E-04
omt 1,95e-04 3,42E-05 1,35E-04 2,47E-04 1,26E-04 1,84E-04 3,24E-04  4,77E-04
vol 2,55E-04 2,04E-04 1,96E-04 3,54E-04 2,45E-04 2,96E-04  4,75E-04  6,30E-04
mil 2,23E-04 2,70E-04 8,85E-05 2,86E-04 1,70E-04 2,12E-04 4,05E-04 5,84E-04
pcr 4,01E-04 3,37E-04 3,68E-05 3,57E-04 1,43E-04 2,44E-04  4,55E-04  5,82E-04
sgr 3,16E-04 2,70E-04 3,34E-04 3,46E-04 1,91E-04 2,41E-04 4,71E-04 7,34E-04
ofd 2,59E-04 1,37E-04 1,59E-04 2,96E-04 1,97E-04 2,40E-04 3,81E-04 5,72E-04
b_t 2,94E-04 1,09E-04 1,93E-04 2,85E-04 1,66E-04 2,22E-04 3,81E-04 6,06E-04
tex 6,45E-04 3,42E-04 3,71E-04 4,76E-04 3,27E-04 3,80E-04 6,45E-04  8,38E-04
wap 5,03e-04 2,51E-04 2,49E-04 4,02E-04 2,51E-04 2,96E-04 5,13E-04 6,68E-04
lea 4,23E-04  2,65E-04 3,81E-04 3,55E-04 2,54E-04 2,98E-04 4,53E-04  5,55E-04
lum 2,46E-04 1,11E-04 2,17E-04 3,64E-04 2,24E-04 2,70E-04  5,36E-04  7,64E-04
ppp 8,38E-04 6,17E-04 4,35E-04 5,25E-04 2,95E-04 3,75E-04  7,82E-04  1,09E-03
p_c 3,96E-03  4,40E-03 4,49E-03 4,14E-03 3,32E-03 3,73E-03  4,54E-03  4,96E-03
chm 9,75E-04 1,06E-03 6,43E-04 7,39E-04 5,03E-04 5,99E-04 9,75E-04  1,30E-03
bph 4,27E-04 5,21E-04 3,65E-04 2,62E-04 1,73E-04 2,09E-04  4,01E-04 5,70E-04
rpp 7,87E-04  1,28E-03 4,28E-04 4,74E-04 3,17E-04 3,74E-04 7,52E-04 1,04E-03
nmm 1,60E-03 1,99E-03 6,88E-04 1,14E-03 5,77E-04 7,34E-04  1,63E-03  2,31E-03
i_s 1,76E-03 1,67E-03 1,58E-03 1,18E-03 0,00E+00 6,34E-04  1,65E-03  1,91E-03
nfm 4,73E-04 1,09E-03 1,20E-03 6,70E-04 4,30E-04 5,32E-04 8,95E-04  1,19E-03
fmp 8,11E-04 7,06E-04 6,30E-04 5,90E-04 3,21E-04 4,27E-04  8,58E-04  1,05E-03
ele 5,16E-04 3,21E-04 4,50E-04 4,08E-04 3,03E-04 3,43E-04 5,01E-04 6,53E-04
eeq 6,98E-04 5,64E-04 5,01E-04 4,87E-04 3,18E-04 3,89E-04 6,10E-04 7,61E-04
ome 6,25E-04 3,39E-04 4,46E-04 3,96E-04 2,53E-04 3,19E-04 5,18E-04  6,69E-04
mvh 4,30E-04 3,10E-04 3,89E-04 3,67E-04 2,66E-04 2,94E-04 4,46E-04 5,75E-04
otn 4,13E-04 2,21E-04 6,65E-04 4,04E-04 2,47E-04 2,81E-04 5,30E-04 6,65E-04
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omf 7,71E-04 5,54E-04 5,81E-04 4,26E-04 2,40E-04 3,04E-04 6,09E-04 7,71E-04

ely 1,95e-03 7,37E-03 2,98E-03 3,23E-03 1,19E-03 2,05E-03  4,84E-03  6,88E-03
gdt 6,86E-03 1,80E-02 1,66E-04 7,08E-03 5,19E-04 5,58E-03  1,18E-02  1,80E-02
wtr 4,44E-04 2,80E-04 1,53E-04 3,85E-04 1,69E-04 2,61E-04 7,00E-04 1,03E-03
cns 3,34E-04 6,25E-05 1,65E-04 3,39E-04 1,58E-04 2,28E-04 5,01E-04  8,30E-04
trd 2,22E-04 8,61E-05 1,46E-04 2,02E-04 1,05E-04 1,35E-04 3,16E-04  4,24E-04
afs 2,50E-04 1,10E-04 1,95E-04 2,42E-04 1,36E-04 1,74E-04  3,70E-04  5,39E-04
otp 9,80E-04 1,02E-03 1,52E-03 1,14E-03 7,23E-04 9,50E-04  1,49E-03  2,14E-03
wtp 1,94E-03 1,78E-03 2,07E-03 1,99e-03 1,57E-03 1,79E-03  2,10E-03  2,28E-03
atp 1,37e-03 1,53E-03 1,70e-03 1,63E-03 1,23E-03 1,39E-03  1,83E-03  2,14E-03
whs 2,09E-04 8,75E-05 1,29E-04 2,63E-04 1,22E-04 1,80E-04 4,01E-04 6,19E-04
cmn 1,79e-04 1,02E-04 1,36E-04 1,79E-04 9,37E-05 1,24E-04 2,61E-04 3,15E-04
ofi 1,03E-04 6,37E-05 6,60E-05 9,65E-05 4,18E-05 6,70E-05 1,75E-04  2,80E-04
ins 1,10E-04 6,72E-05 8,43E-05 1,06E-04 5,24E-05 7,68E-05 1,74E-04  2,43E-04
rsa 1,41E-04 2,04E-04 4,94E-05 1,25E-04 4,75E-05 7,73E-05  2,56E-04  4,48E-04
obs 1,96E-04 1,42E-04 5,14E-05 1,67E-04 9,41E-05 1,22E-04 2,30E-04  3,22E-04
ros 2,93E-04 8,80E-05 2,43E-04 2,12E-04 9,09E-05 1,40E-04 3,49E-04 5,36E-04
0sg 2,13E-04 3,45E-04 1,59E-04 1,53E-04 7,66E-05 1,03E-04 2,68E-04 3,83E-04
edu 1,82E-04 3,05E-04 1,56E-04 1,61E-04 7,35E-05 9,51E-05 2,62E-04  3,92E-04
hht 2,02E-04 2,41E-04 1,43E-04 1,49E-04 7,53E-05 1,03E-04 2,38E-04 3,88E-04
dwe 1,56E-04 1,36E-05 3,07E-05 3,54E-05 5,22E-06 1,66E-05 7,86E-05  1,56E-04

Notes: Next to the first three columns presenting the carbon intensity of the three case study countries,
the 10th, 25th, 50th, 75th and 90th percentiles are displayed for all countries. Blue shading highlights
values below the 10th percentile, while red shading indicates values above the 90th percentile. This table
in comparison with A1b indicates the share of local emission sources in comparison with global.

B.1. Elaboration on the quality of carbon intensities through using LCA approaches

We have implicitly attempted to validate the carbon intensity attribution by assessing sector-
specific embodied carbon intensities at the consumption item level of GTAP and their
distribution across regions. Additionally, we provide an alternative validation using available
Life-Cycle Assessment (LCA) data from the literature, including exemplary assessments of the
embodied emission intensities for milk and rice.

To the best of our knowledge, an alternative validation using several Input-Output (10)
databases for assessing embodied carbon intensities has not yet been published. While some
studies compare trends and the comparability of different 10O tables (e.g., Wood et al., 2019),
very few IO databases cover Ghana, Nigeria and Uganda. For instance, Exiobase, WIOD and
Figaro do not include these countries, while EORA does, but with limited sectoral resolution
(i.e., only one aggregated agricultural sector).

A paper by Shabir et al. (2023) provides an overview of embodied carbon intensities
and ranges for various food items from the literature. These estimates are derived from LCA
analyses conducted across different stages of production. Unlike our approach, these studies
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account for multiple greenhouse gas emissions, such as CO2, CH4 and N20O. Since we are
interested in developing a suitable carbon pricing scheme, we focus solely on CO2 emissions.
Furthermore, we do not include all upstream emissions but only those occurring within the
country being assessed. These distinctions are highlighted in tables A1b and Alc.

To evaluate the quality of the carbon intensities used in our analysis, we compare the
values in table Alc with LCA values from the literature, focusing exclusively on CO2
emissions. It should be noted that there are ongoing challenges within LCA inventories,
particularly regarding geographical detail (Crenna et al., 2019) or specific production
characteristics in developing countries, such as electricity infrastructure (Steubing et al., 2016).

Typically, LCA results are expressed in terms of a functional unit. For food products,
as shown in the table below, this functional unit is often defined as 1 kg of the product. To
translate LCA results into the embodied intensities per USD used in our analysis, it is necessary
to consider or approximate the price per kilogram of the product.

For many food items, methane — which is excluded from our analysis — accounts for
50% or more of the total greenhouse gas emissions (see Ritchie, 2020). These differences must
be taken into account when comparing our data to LCA data. Our validation strategy is as
follows:

(1) Identify LCA assessments of relevant commodities.
(i1) Determine the share of CO2 emissions within total emissions.
(ii1) Obtain a representative unit price to convert intensity data per functional unit, if necessary.

(iv) Identify appropriate exchange rates to calculate emission intensities per USD.

Assessment of Milk

The prices of milk for all three countries were collected through a Google search.

1) The table below indicates an intensity of 2.4 kg CO2 equivalent per kg of milk based
on an LCA of milk production. However, variations across countries exist due to
differences in production methods, local characteristics and farming intensity (Poore
and Nemecek, 2018; Guzman-Luna et al., 2021; Afrouzi et al., 2023). For instance, a
study focusing on Canada reported 0.92 kg of CO2 equivalent per kg of milk for non-
grazing dairy systems (Mc Geough ef al., 2012).

i1) The study further suggests that CO2 emissions account for less than 4% of total
emissions. This corresponds to 0.0368 kg of CO2 per kg of milk when using the lower
LCA estimate, and 0.096 kg of CO2 per kg of milk when considering the initial estimate
of 2.4 kg CO2 equivalent per kg.
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Nigeria

iii)

Ghana

iv)

For Nigeria, the following prices were found: 0.69$ per 0.25L,” and 800 Naira for 0.5
kg in 2020.% The exchange rate in 2020 was ~ 380 NGN:1 USD.’ Therefore, the price
for 1 kg of milk based on the latter is approximately $4.2 per kg. Using the first price
(considering milk has a weight of 1.03 kg per liter), the cost would be approximately
$2.84 per kg.!° To compare these prices with LCA values: The intensity given in table
Alc, 4.29E-06 tCO2 per USD, needs to be converted. Multiplying by 1,000 and 4.2
gives 0.018 kg CO2 per kg of milk, which is half of the lower expected value but within

the expected order of magnitude.

For Ghana we found a price of 2.5 USD per kg of milk.!! Given the value from table
Alcis 1.45E-04 tCO2 per USD, the calculation results in: 1.45x107*x1000 = 0.362
kg COz per kg milk. This value is larger than expected.

Uganda

v)

For Uganda, a farm gate price for milk was reported as 800 UGX per liter (before
2019).'? Considering the volume-specific weight of 1.03 kg per liter: The price per liter
translates to approximately $0.216 (at an exchange rate of ~3700 UGX:1 USD)."
Therefore, the cost per kilogram is $0.222. To approximate retail prices, we apply a
retail factor of 4 (a rough estimate based on current EU market relations). This results
in a retail price of $0.888 per kg. Using the embodied intensity of 6.83E-05 tCO2 per
USD from table Alc, we calculate: 6.83x1075x1000x0.888 = 0.067 kg CO2 per kg
milk. This value is larger than for Nigeria, lower than for Ghana, and close to the lower

expected value.

Assessment of Rice

Vetter ef al. (2017) report a rice production intensity for Indian agriculture of 5.65
kg CO2 equivalent per kg of rice, while Poore and Nemecek (2018) indicate a
slightly lower intensity of 4.5 kg CO2 equivalent per kg of rice.

7 https://www.numbeo.com/food-prices/country_result.jsp?country=Nigeria

8 https://www.statista.com/statistics/1193299/prices-of-milk-in-selected-markets-in-lagos-nigeria/

° https://www.exchange-rates.org/exchange-rate-history/usd-ngn-2020

10 https://mathcentral.uregina.ca/QQ/database/QQ.09.07/h/imran 1 .html

11

https://www.selinawamucii.com/insights/prices/ghana/milk-cream/
s://www.snv.org/update/ugandas-low-raw-milk-prices-requires-innovative-solutions-increase-margins-

above-feed-costs

13

https://www.exchange-rates.org/exchange-rate-history/usd-ugx-2018
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https://www.exchange-rates.org/exchange-rate-history/usd-ngn-2020
https://mathcentral.uregina.ca/QQ/database/QQ.09.07/h/imran1.html
https://www.selinawamucii.com/insights/prices/ghana/milk-cream/
https://www.snv.org/update/ugandas-low-raw-milk-prices-requires-innovative-solutions-increase-margins-above-feed-costs
https://www.snv.org/update/ugandas-low-raw-milk-prices-requires-innovative-solutions-increase-margins-above-feed-costs
https://www.exchange-rates.org/exchange-rate-history/usd-ugx-2018

i1) Of this, at least 2.5 kg CO2 equivalent per kg of rice is attributed to methane
emissions. Nitrous oxide likely also makes a significant contribution (Xue et al.,
2016; Jiang et al., 2019). Field experiments suggest that during the growing process,
almost all emissions can be attributed to CH4 and N20O (Loaiza et al., 2024).
However, there are also downstream and upstream processes that contribute to
overall emissions.

Ghana

1i1) The price of rice in Ghana ranged from 5—7 GHC per kg during the second half of
the 2010s (FAO, 2018; IFPRI, 2020). For the analysis, we use an average price of 6
GHC per kg. The approximate exchange rate in 2018 was 0.21 USD per GHC.'* A
kilogram of rice, therefore, costs approximately 1.26 USD, which is very close to
the values reported by the FAO for 2018, at 1.17 USD per kg. According to our table
(Alc), the embodied CO?2 intensity is 3.14E-04 t CO2 per USD, which corresponds
to 0.395 kg CO2 per kg of rice. This value is approximately one-tenth of the value
indicated in the table below.

Nigeria and Uganda

v) For Nigeria and Uganda, the rice prices reported by the FAO were 0.94 USD/kg
(Laos, imported) and 0.96 USD/kg (Kampala) (FAO, 2018). Based on our values
from table Alc, this corresponds to 0.017 kg CO2 per kg of rice (Laos) and 0.0318
kg CO2 per kg of rice (Kampala). These values are an order of magnitude lower

than those for Ghana.

Table Ald. Carbon footprint of various food products (Adapted from Shabir et al., 2023)

Product Carbon Footprint (kg CO2 References
eq. kg product-1)
Beef 18.21 Forero et al., 2020
Chicken 4.02
Eggs 3.02
Fish 2.83
Pork 4.97
Lamb 22.96
Sugar production 0.45-0.63 Garcia et al., 2016
Raw sugar 203 -311 Renouf et al., 2007
Sugarcane cultivation 0.49 Yuttitham et al., 2011
Sugarcane milling process 0.06
14 Ibid.
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Sugarcane transportation
(TRUCK)

Beverages

Beer

Cream And Sour Cream
Butter

Cheddar cheese
Mozzarella cheese
Fishing

Cold Storage

Cooking and Canning
Transportation

Paper packaging
Cardboard packaging
Paper recycling

Rice production
Mutton meat

Milk

Production of cereals (except
rice), fruits and vegetables in

India

13.82 kg CO2 eq t-1

1to1.5kgCO2eqlL
1.9to05.3kgCO2eqlL

83 and 78 kg CO2 eq .kg-1
730 kg CO2 eq .kg-1

8.60 kg CO2 eq .kg-1

7.28 kg CO2 eq .kg-1
1.15-5.27 kg CO2 eq .kg-1

0.0025-0.12 kg CO2 eq .kg-1

0.42-1.38 kg CO2 eq .kg-1
0.11-1.53 kg CO2 eq .kg-1
1.34 kg CO2e/kg waste
1.73 kg CO2e/kg waste

-0.0635 kg CO2e/kg recycled

5.65 kg CO2eq kg-1
45.54 kg CO2eq kg-1
2.4 kg CO2eq kg-1
<1 kg CO2eq kg-1

Saxe et al., 2010

Verge et al., 2013

Kim et al., 2013

Guzman et al., 2021

Cimini etal., 2018

Vetter et al., 2017

Source: Table 2 from Shabir et al. (2023: 7).

Table A2. Overview of 65 sectors included in the GTAP10 database and matched consumption items
in corresponding country expenditure surveys

Rice: seed, paddy (not husked)

14 Rice-Imported

GTAP Explanation Ghana Nigeria Uganda
sector (GLSS 2016/17) (NLSS 2018/19) (UNHS 2016/17)
pdr 13 Rice-Local 1101 Rice (white)

1102 Rice (brown)

wht Wheat: seed, other

41 Wheat

19 Wheat Flour

172 Wheat (flour)

millets, other cereals

Other Grains: maize (corn),
gro sorghum, barley, rye, oats,

27 Guinea corn/sorghum
28 White maize grains
29 Yellow maize grains
30 Millet

47 Good Morning

48 Quaker oats

49 Other oats (specify)

20 Maize (Unshelled/On the
Cob)

22 Maize (Shelled/Off the
Cob)

1111 Maize yellow (grains)
1112 Maize white (grains)
1121 Maize white (cobs)
1122 Maize yellow (cobs)

pulses

Veg & Fruit: vegetables, fruit and
nuts, edible roots and tubers,

40 Mixed fruit

432 — 446 Fruits: fresh or
canned

453 — 464 Vegetables

491 - 498 Starchy food and
tubers

650 Kola nuts

43 Groundnuts (Unshelled)
44 Groundnuts (Shelled)

45 Other Nuts/Seeds/Pulses
46 Coconut

47 Kola Nut

48 Cashew Nut

101 Matooke (Bunch)
102 Matooke (Cluster)
103 Matooke (Heap)

107 Cassava (Fresh)

130 Passion Fruits

132 Mangoes

133 Oranges/Tangerines
134 Other Fruits

135 Onions

136 Tomatoes

138 Dodo/Nakati/gyobyo/
Malakwang

139 Other vegetables

142 Ground nuts (in shell)
143 Ground nuts (shelled)
144 Ground nuts
(pounded)

145 Peas(fresh)

164 Green Pepper
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165 Pumpkins

166 Avocado

167 Carrots

168 Egg plants

169 Watermelon

170 Pineapple

171 Pawpaw

174 Apples

1311 Sweet Bananas-Ndiizi
1312 Sweet Bananas-
Bogoya

1313 Plantain
(gonja/kivuvu)

1351 Garlic

1352 Ginger fresh

1371 Cabbages — Red leaf
1372 Cabbage — green leaf
1651 Pumpkin Leaves
1652 Mushrooms

1653 Cucumber

1654 Okra

1741 Jackfruit (ffene)

140 Bean( fresh)

141 Beans (dry)

1461 Simsim

1462 Simsim paste

1761 Soya beans (fresh)
1762 Soya beans (dry)

40 Soya Beans

osd Oil Seeds: oil seeds and 41 Brown Beans
oleaginous fruit 42 White Beans

c_b Cane & Beet: sugar crops

pfb Fibres crops
Other Crops: stimulant; spice and 523 — 529 Spices and 77 Dry Pepper 109 Irish Potatoes
aromatic crops; forage products; condiments 150 Salt
plants and parts of plants used 535 — 540 condiments 1051 Sweet Potatoes
primarily in perfumery, white/yellow(Fres
pharmacy, or for insecticidal, L517 Flowers 1052 Sweet Potatoes-
fungicidal or similar purposes; L519 Compost for gardening orange fleshed

ocr beet seeds (excluding sugar beet 1353 Ginger powder
seeds) and seeds of forage plants; 1391 Other spices
natural rubber in primary forms
or in plates, sheets or strip, living
plants; cut flowers and flower
buds; flower seeds,
unmanufactured tobacco; other
raw vegetable materials nec
Cattle: bovine animals, live, other

ctl ruminants, horses and other
equines, bovine semen
Other Animal Products: swine; 416 — 417 Eggs 80 Chicken 1211 Chicken off-layer
poultry; other live animals; eggs 81 Duck 1212 Chicken Broiler
of hens or other birds in shell, A350 Poultry/Livestock 82 Other Domestic Poultry 1213 Chicken Kroiler
fresh; reproductive materials of 83 Agricultural Eggs 1214 Chicken Local
animals; natural honey; snails, 84 Local Eggs 1215 Roasted Chicken

oap fresh, chilled, frozen, dried, salted 85 Other Eggs (Not Chicken) 1241 Eggs (yellow yolk)
orin brine, except sea snails; 1242 Eggs (white yolk)
edible products of animal origin 1243 Other eggs (duck,
n.e.c.; hides, skins and furskins, turkey)
raw; insect waxes and 1471 Honey
spermaceti, whether or not
refined or coloured

rmk Raw milk 197 Milk (fresh)
Wool: wool, silk, and other raw

wol - ; ) )
animal materials used in textile
Forestry: forestry, logging and

frs ) o
related service activities
Fishing: hunting, trapping and

fsh game propagation including

related service activities, fishing,
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fish farms; service activities
incidental to fishing

Coal: mining and agglomeration

coa of hard coal, lignite and peat
Oil: extraction of crude
petroleum, service activities
oil incidental to oil and gas
extraction excluding surveying
(part)
Gas: extraction of natural gas,
" service activities incidental to oil
gas and gas extraction excluding
surveying (part)
Other Mining Extraction (formerly
oxt omn): mining of metal ores; other
mining and quarrying
95 — 101 Meat (beef) 90 Beef 117 Beef
Cattle Meat: fresh or chilled; 131 -134 Corned beef 91 Mutton 119 Goat Meat
meat of buffalo, fresh or chilled; 139 Beef sausage 1171 Beef Liver
meat of sheep, fresh or chilled; 1172 Beef Offals
meat of goat, fresh or chilled; 1191 Goat Liver
meat of camels and camelids, 1192 Goat offals
cmt fresh or chilled; meat of horses 1193 Roasted goat meat
and other equines, fresh or
chilled; other meat of mammals,
fresh or chilled; meat of
mammals, frozen; edible offal of
mammals, fresh, chilled or frozen
Other Meat: meat of pigs, fresh 105 -110 Pork 29 Meat Pie/Sausage Roll 120 Other Meat (eg duck,
or chilled; meat of rabbits and 115 - 117 mutton chop rabbit etc)
hares, fresh or chilled; meat of 120 - 126 Chicken 1201 Roasted other meat
poultry, fresh or chilled; meat of 127 Guinea fowl
poultry, frozen; edible offal of 140 — 144 Pork & chicken
omt poultry, fresh, chilled or frozen;
other meat and edible offal,
fresh, chilled or frozen; preserves
and preparations of meat, meat
offal or blood; flours, meals and
pellets of meat or meat offal,
inedible; greaves
Vegetable Oils: margarine and 421 Margarine 202 Palm Kernel Oil 128 Ghee
similar preparations; cotton 422 — 428 Vegetable oils, nut 50 Palm Oil 129 Margarine
linters; oil-cake and other oils 51 Butter/Margarine 1271 Cooking oil refined
residues resulting from the 52 Groundnut Oil 1272 Cooking oil unrefined
extraction of vegetable fats or 53 Other Oils and Fats 1291 Butter
oils; flours and meals of oil seeds 56 Animal Fat
vol or oleaginous fruits, except those
of mustard; vegetable waxes,
except triglycerides; degras;
residues resulting from the
treatment of fatty substances or
animal or vegetable waxes;
animal fats
198 — 207 Powdered milk 110 Fresh Milk 125 Fresh Milk
301 — 306 Evaporated milk 111 Milk Powder 1251 Milk Powdered
401 - 402 Tinned milk 112 Baby Milk Powder 1252 Fermented milk
. Milk: dairy products 407 — 411 Other milk products 113 Milk Tinned (Bongo)
mil
(Unsweetened) 1253 Ice-cream
114 Cheese (Wara) 1254 Yoghurt
115 Other Milk Products 1281 Cheese
1 -6 Rice (local)
pcr Processed Rice: semi- or wholly 10 — 23 Rice (imported)
milled, or husked 38 — 39 Rice and beans
sgr Sugar and molasses 503 - 505 Sugar, honey 130 Sugar 147 Sugar
Other Food: prepared and 31 Millet flour 100 Fish-Fresh 114 Bread (wheat)
preserved fish, crustaceans, 32 - 34 Wheat flour 101 Fish-Frozen 116 Sorghum
molluscs and other aquatic 35 Corn dough 102 Fish-Smoked 126 Infant Formula Foods
ofd invertebrates; prepared and 42 Other — baby food 103 Fish-Dried 157 Food in Restaurants

preserved vegetables, pulses and
potatoes; prepared and
preserved fruits and nuts; wheat

53 Cassava flour
54 — 56 Cassava dough
58 — 62 Bread

104 Snails
105 Seafood (Lobster, Crab,
Prawns)

161 Other foods in
Restaurants
162 Peas(dry)
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and meslin flour; other cereal
flours; groats, meal and pellets of
wheat and other cereals; other
cereal grain products (including
corn flakes); other vegetable
flours and meals; mixes and
doughs for the preparation of
bakers' wares; starches and
starch products; sugars and sugar
syrups n.e.c.; preparations used
in animal feeding; lucerne (alfalfa)
meal and pellets; bakery
products; cocoa, chocolate and
sugar confectionery; macaroni,
noodles, couscous and similar
farinaceous products; food
products n.e.c.

67 — 78 Biscuits

149 - 161 Fish (fresh, dried,
fried, canned)

165 — 172 Fish sardines
(canned)

176 — 181 Fish tuna (canned)
473 — 480 Tomato paste

485 — 489 Pulses and nuts
511 -518 Chocolate, chewing
gums

545 - 547 Salt

905 — 906 Tinned dog and cat
food

83 — 89 Other cereal products
452 Canned or processed fruits

L522 —L523 Tinned dog and cat
food

106 Canned Fish/ Seafood
107 Other Fish or Seafood

163 Ground nuts (paste)
173 Chapati

1061 Sweet Potatoes
white/yellow (Dry)

1062 Sweet Potatoes-
orange (Dry)

1063 Sweet Potatoes
white/yellow (flour)

1081 Cassava (Dry)

1082 Cassava (flour)
1083 Pancakes(Kabalagala)
1131 Maize white (flour)
1132 Maize yellow (flour)
1151 Millet flour

1221 Fresh tilapia Fish
1222 Fresh Nile perch
1231 Dry/ Smoked tilapia
fish

1232 Dry/Smoked Nile
perch

1234 Dried Nkejje

1235 Other fresh fish
1236 Other dry/smoked
fish

1237 Silver Fish (Mukene)
1472 Jam/ Mamalede
1721 Macaroni/Spaghetti
1731 Biscuits

b_t

Beverages and Tobacco products

1732 Cakes
1733 Doughnuts
1734 Cornflakes
1735 Samosas
550 — 552 Coffee, tea, cocoa 120 Coffee 151 Soda*
554 — 562 Cocoa with milk, 121 Chocolate Drinks 152 Beer*
powder beverages 122 Tea 153 Other Alcoholic drinks
565 — 570 Mineral water, soft 154 Other drinks
drinks, juices 155 Cigarrates
575 — 583 Malt drinks (bottle) 156 Other Tobacco

587 — 594 Malt drinks (canned)
605 — 613 Fruit juice

618 — 623 Spirits

629 - 631 Wine

635 - 638 Beer

645 — 647 Tobacco

158 Soda in Restaurants
159 Beer Restaurants
160 Other juice Packed in
Restaurant

175 Water

1481 Coffee

1482 Coffee Other

1491 Tea leaves

1492 Tea bags

1493 Green tea

1601 Other juice fresh
1602 Other juice packed
1603 Other juice Fresh in
Restaurants

10205 Tailoring and
Materials

10302 Carpets, mats, etc
10303 Curtains, etc

10304 Bedding Mattresses
10305 Blankets

12041 Other clothing and
clothing mate

13031 Bed sheets

tex

Manufacture of textiles

L1 — L5 Clothing materials

L7 — L11 Clothing materials for
men

L13 — L17 Clothing materials
for women

L19 — L23 Clothing materials
for children

315 Ankara, George
Materials

316 Cotton

317 Silk

318 Hand loomed: ASO-OKE
319 Polyester material

320 Wool

321 Other clothing materials
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343 Bed sheets, bed cover,
blanket

344 Pillow

345 Curtain and other linen
346 Carpet and other floor
covering

L25 — L29 Garments and suits
L31 - L37 Ready-made clothing
for women

L39 — L46 Women’s sportwear
L48 — L56 Ready-made clothing
for children

L58 — L66 Ready-made clothing
for men

L68 — L69 Shorts

L71 — L77 Sports shirts

L79 — L81 Second-hand

301 Infant Clothing

302 Baby Nappies/Diapers
303 Children Tailored clothes
304 Children dress (ready
made)

305 Adult Tailored clothes
306 Adult dress (ready
made)

307 Suits

308 Other Ready-Made
309 Smock and other hand

456 Handbags, travel bags
etc

460 Diapers

470 Sanitary Towels

10201 Men'’s clothing- new
10202 Women'’s clothing —
new

10203 Children’s clothing
10603 School uniform
12011 Men'’s clothing-
second hand

Manufacture of wearing apparel Clothing woven 12012 2012
wap L83 — L85 Uniform (excl. school 310 Blouse, Shirts 12021 Women’s clothing —
uniform) 311 Raincoat second hand
L87 — L99 Smocks 312 Other Clothing Materials | 12022 2022
L132 — L134 Hiring of clothing 12031 Children’s clothing
L136 —L140 Footwear 12032 2032
L142 —L146 Footwear
L148 —L152 Footwear
L154 — L156 Second-hand
footwear
L257 — L262 Bedsheets
blankets, towels
A346 — A348 Traditional
clothing
322 Shoes 10206 Men’s Footwear
323 Sandals - leather 10207 Women’s Footwear
lea Manufacture of leather and 324 Sandals (rubber type) 10208 Children’s Footwear
related products 325 Other footwear 10209 Other Footwear and
repairs
Lumber: manufacture of wood 102 Matches 3112 Matches
and of products of wood and
lum cork, except furniture;
manufacture of articles of straw
and plaiting materials
880 — 882 Local newspaper 103 Newspaper and 458 Newspapers and
885 — 893 Newspapers and magazines Magazines
periodicals 216 Toilet Paper 466 Stamps, envelops, etc.
940 — 944 Toilet paper 341 Books (not for school) 4542 Toilet Paper
Paper & Paper Products: includes 10604 Books and supplies
printing and reproduction of L562 — L563 Printed matter
ppp recorded media L565 — L567 Drawing materials
L639 Photocopy charges
L640 Newspaper
advertisement
L553 — L554 Printed matter
L556 — L550 Textbooks
657 Kerosene 201 Kerosene 308 Paraffin or kerosene
820 — 821 Petrol, diesel 204 Other Liquid Cooking 4622 Petrol
823 Lubricants Fuel 4623 Diesel
Petroleum & Coke: manufacture 658 Other liquid fuel 209 Petrol
p_c of coke and refined petroleum 210 Diesel
products L416 Lubricants
L228 Kerosene
L229 Other fuel and powder
L415 Engine oils
665 — 670 Washing powder 206 Candle 452 Washing soap
675 — 681 Washing soaps 212 Lubricants (oil, grease) 453 Bathing soap
Manufacture of chemicals and 687 — 693 Bathing/toilet soaps 215 Soap and Washing 454 Tooth paste
chm chemical products and bleaches powder 455 Cosmetics (body

695 — 696 Insecticides

L518 Fertilizers for gardening

lotion, deodorant
4621 Lubricants (engine
oil, grease)
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Manufacture of pharmaceuticals,

975 — 977 Body lotion/cream
980 — 983 Skin powder

949 — 952 Toothpaste

960 — 964 Deodorant

710 - 711 Painkillers and
antibiotics

712 — 714 Anti-malaria

217 Insecticides, disinfectant
etc.

219 Personal care goods
222 Vitamin suplements

223 Other health
supplements

502 Medicines etc

bph medicinal chemical and botanical | medicines
products 715 — 719 Other medicines
800 — 803 Traditional Ghanaian
drugs
807 — 810 Other medical
products
L525 — L527 Vaccination and
veterinary products of pets
461 Tyres, tubes,
spares,brakepads et
4541 Tooth brush
4591 Toys, games etc
Manufacture of rubber and 10501 Plastic basins
rpp plastics products 10502 Plastic plates/
tumblers
10503 Jerry cans and
plastic buckets
10505 Switches, plugs,
cables
Manufacture of other non-
nmm metallic mineral products
is Iron & Steel: basic production and | A342 Box iron
= casting
Non-Ferrous Metals: production 10411 Jewelry, Watches,
nfm and casting of copper, aluminium, clocks
zinc, lead, gold, and silver
457 Batteries (Dry cells)
Manufacture of fabricated metal 10504 Enamel and metallic
fmp B .
products, except machinery and utensils
equipment 14031 Flash disks, CDs
A311 A312 A313 —A322 A324 350 Cell phone hand set 10403 Electronic
A325 A343 A344 351 Personal computer Equipment
radio/radio cassette, CD player, | 352 Other communication 10405 Radio
home theatre, cassette player, equipments 10408 Computer
DVD, etc., desktop laptop 10409 Phone
ele Manufacture of computer, computer, printer , computer 14012 Home theatres,
electronic and optical products accessories, camera, digital DVDs, Decks CD
camera, satellite dish , 14091 Phone Handsets
television, camera, video, fixed
mobile phone , tablet PC 14092 Phone Handsets
mobile
A303 A305 A307 A308 A309 332 Electric Kettle 10401 Appliances: Electric
A310 A323 A326 A335 A336 333 Food processor and etc iron, / Kettle
A337 A338 A339 A340 A341 335 Other appliances 14021 Electric/Gas cooker
sewing machine, electric stove, | (specify)
Manufacture of electrical refrigerator, freezer, air
eeq equipment conditioner , fan, washing
machine, electric iron,
microwave, food processor,
blender, hoover/vacuum
cleaner, rice cooker, toaster,
electric kettle, water heater
Manufacture of machinery and A304 A306 A334 A345 213 Light bulbs/globes 3111 Candles
equipment n.e.c. Kerosene stove, gas stove, 235 Musical instruments 10402 Charcoal and
outboard motor, 236 Jewelry, watches, rings, Kerosene Stoves
generator/plant etc 15041
237 Sports equipment Spoons/Knives/Forks
ome 328 Bowls, glassware, plates, | 15042 Saucepan/cook-

silverware

329 Cooking utensils
(cookpots etc.)

330 Cleaning utensils
(brooms, brushes etc.)

pot/pressure cooker
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331 Other household
utensils

334 Coal pot/other non-
electric appliances

337 Torch / flashlight

338 Umbrella

339 Paraffin lamp

340 Stationery items (not for
school)

357 Therapeutic equipment

A328 A329 10406 Motors, Pick-ups,
mvh Manufacture of motor vehicles, Motorcycle, car etc
trailers and semi-trailers 10407 Motor cycles
Manufacture of other transport A217 A333 10404 Bicycles
otn . )
equipment Bicycle, boat
697 — 706 Other non-durable 218 Other non-durable 459 Others
968 — 971 Disposable razor goods 10301 Furniture Items
722 — 725 Medical tools and 342 House decorations
Other Manufacturing: includes condoms 347 Other furniture and
omf furniture 984 — 986 Sanitary pads fixtures
A301, A302 Furniture
A349 Cooking utensils
A352 Bed
L225 Electricity 205 Electricity 306 Electricity
ely Electricity; steam and air
conditioning supply Further expenses of Section 7
655 Gas for household use 203 Gas (for 307 Generators/lawn
822 Gas for vehicle lighting/cooking) mower fuels
gdt* Gas manufacture, distribution
L226 — L227 Gas for household
use
653 Expenditure on public 214 Water 3051 Water NWSC
Water supply; sewerage, waste toilet 3052 Water Other sources
management and remediation 3121 Refuse collection
wtr activities L220 - L223 Water supply
expenses
Further expenses of Section 7
Construction: building houses
cns factories offices and roads
239 Motor vehicle service, 304 Maintenance and
repair, etc. repair expenses
242 Bicycle service, repair, 4651 Maintenance and
etc. repair of vehicle
243 Other transport repairs 10410 Other equipment
Wholesale and retail trade; repair 313 Repairs of clothing and repairs
trd of motor vehicles and 314 Tailoring charges
motorcycles 326 Repairs of footwear
336 Repairs of appliances
348 Repairs of soft
furnishings
349 Repairs of furniture and
fittings
907 — 911 Restaurant and 353 Night's lodging in rest 605 Expenses in hotels,
hotels (prepared meals) house lodging
915 - 921 Canteen food 360 Storage 10306 Others and Repairs
Accommodation, Food and 651 — 651 Refuse 10506 Others and repairs
afs service activities collection/disposal
L425 — L426 Car hire
L587 — L595 Hotels
L216 Plumbing services
827 Travel by rail 104 Public Transport (bus, 10607 Costs to and from
829 — 833 Bus fares rail, boat, etc.) school
Land transport and transport via 835 — 838 Trotro, taxi and 463 Public transport - Taxi/
otp pipelines other transport Minibus

842 Luggage costs
848 — 849 Other purchased
transport services

465 Public transport —
Bodaboda-Bicycle

506 Transport to and From
health facilities
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4651 Public transport —
Bodaboda-Motorcycle

wtp Water transport 844 — 845 Travel by boat
846 — 847 Travel by air
Air transport
atp . .
L431 - L432 International air
travel
whs Wa.r(.ek.\ousing and support
activities
850 — 866 Postal, Internet, 224 Postal (inlc. Stamps, 468 Expenditure on phone
telephone courier) calls
868 — 870 Scanning, printing 225 Recharge cards 469 Others
226 Landline charges 4501 Internet/ data fees
L434 — L435 Postal services, 227 Internet Services 4511 Mobile Money
cmn Information and communication other communication charges 233 Wireless communication | charges/fees
items 4661 Postal Services
4671 Air time for fixed
phones
4672 Air time for mobile
phones
990 Fee for money transfer
Other Financial Intermediation: L634 Charges for money
ofi includes auxiliary activities but orders, bankers drafts
not insurance and pension L635 Brokerage charges
funding
Further expenses of Section 11
L625 Premium for life 362 Life Insurance 10702 Insurance
insurance 363 Health Insurance Premiums (heading)
L627 Premium on building 364 Education Insurance 10703 Other services
L629 Premium for health 365 Other Insurance N.E.S.
ins Insurance (formerly isr): includes insurance 17021 Insurance
pension funding, except L631 Motor vehicle insurance connected to health
compulsory social security 17022 Third party
insurance
17024 Funeral insurance
rsa Real estate activities
obs Other Business Services nec 1618 — 1620 Software
871 — 877 Recreation and 105 Gambling, lotto, raffles 311 Others
Sporting services 220 Service of beauty saloon 601 Sports, theaters, etc
925 929 Hairdressing salons 221 Service of barber 602 Dry Cleaning and
708 Laundry services 229 Recreational (Cinemas, Laundry
825 — 826 Car washing, street video/DVD, etc.) 603 Houseboys/ girls,
parking services 232 Other recreational Shamba boys etc
Recreation & Other Services: 244 Wages paid to 604 Barber and Beauty
recreational, cultural and sporting | L342 — 346 Domestic and staff/maid/lawnsboy Shops
activities, other service activities; household services 247 Financial services 16052 Expenses in day
private households with L521 Pets (N.E.S.) care facility
ros employed persons (servants) L529 — L541 Recreation and 327 Laundry (excluding soap) | 16053 Expenses not
Cultural services 358 Air fares broken down
L543 — L549 Recreation and 359 Other fares
cultural services
L551 Games of chance
L569 — L572 Package holidays
L101 -L106 Tailoring charges
L108 —L117 Tailoring charges
L119 — L124 Other tailoring
L126 —L130 Laundry charges
L158 — L165 Repair of footwear
Other Services (Government): L622 — L623 Social protection, 354 Donations to church,
public administration and gifts and tips/payment at mosque, etc.
defense; compulsory social churches 361 Licenses
osg security, activities of membership | L427 Drivers licence fee
organizations n.e.c., extra- L428 — L429 Road fees, vehicle
territorial organizations and registration
bodies L637 Legal services
Education 894 Other expenditure on 6051 6051
education 10602 Boarding and
edu Lodging

L574 — L577 Education
expenses

10701 Expenditure on
household function
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L578 — L582 Education
L584 — L585 Apprenticeship

Further expenses of Section 2

16011 School fees
16012 Registration fees
16013 Exam fees

16051 Other educational
expenses

Human health and social work

L358 —L362 Outpatient
medical services

L365 — L367 Dental services
L369 Traditional healer

355 Health expenditures

501 Consultation Fees
503 Hospital/ clinic
charges

504 Traditional Doctors

(imputed rents of houses
occupied by owners)

maintenance to dwellings
249 Repairs to household
and personal

hht L371 — L372 Health laboratory fees/ medicines
L373 —L382 Lab tests, in- 505 Others
patient services, treatment 508 508
services, surgery
L168 Payment of rent 245 Mortgage - regular 301 Rent of rented house
payment 302 Imputed rent of
Further expenses of Section 7 246 Other housing charges owned house
dwe Dwellings: ownership of dwellings 248 Repairs &amp; 303 Imputed rent of free

house

Notes: For Ghana, regular numbers indicate items from section 9B of the questionnaire (frequently
purchased items). Numbers with the letter “L” in front of them indicate items from section 9A (less
frequently purchased items). Numbers with the letter “A” in front of them indicate durable items from
the asset section, valued at ten percent of the replacement value. The fourteen sectors without a match
to consumption items across all three countries are: cb, pfb, ctl, wol, frs, fsh, coa, oil, gas, oxt, nnm, rsa,
whs, and cns. Additionally, the unmatched sectors in Ghana include: pdr, osd, trd, fmp, nfm, rpp, lum,
and /ea. In Nigeria, the additional unmatched sectors are: rmk, pcr, ofic, atp, wtp, otn, mvh, fmp, nfm,
is, rpp, edu, and obs. In Uganda, the additional unmatched sectors include: osd, rmk, pcr, tex, is, wtp,
atp, ofi, obs, and osg. For the full names and descriptions of these sector acronyms, refer to the table.

Table A3. Budget shares of consumption items for the entire sample and by urban-rural

Petroleum
LPG/gas
Electricity
Charcoal
Firewood
Public
transport

Food

Other

Ghana Nigeria Uganda
Overall Urban Rural Overall Urban Rural |Overall Urban Rural
1.18 1.08 1.25 3.56 3.86 3.39 0.19 0.12 0.21
(4.24) (4.08) (4.35) (5.48) (5.17) (5.63) (0.39) (0.32) (0.41)
0.34 0.65 0.11 0.46 1.00 0.16 0.00 0.00 0.00
(1.39) (1.90) (0.76) (1.38) (1.87) (0.88) (0.00) (0.00) (0.00)
3.79 5.14 2.78 1.07 1.91 0.62 0.34 0.98 0.11
(6.39) (6.36) (6.24) (2.07) (2.36) (1.73) (0.95) (1.41) (0.57)
0.85 0.20 1.33 0.24 0.52 0.09 0.42 0.95 0.23
(3.42) (1.20) (4.34) (1.05) (1.52) (0.60) (0.92) (1.11) (0.76)
4.32 5.37 3.54 1.47 1.14 1.65 0.14 0.10 0.16
(6.64) (6.87) (6.36) (3.34) (2.68) (3.64) (0.72) (0.54) (0.77)
1.12 1.63 0.75 7.07 7.58 6.78 1.14 1.20 1.12
(2.36) (2.62) (2.08) (9.46) (8.96) (9.71) (1.87) (1.73) (1.92)
39.84 33.15 44.84 57.35 56.87 57.61 71.78 60.75 75.61
(17.72) (15.30)  (17.75) | (17.82) (16.67) (18.42) | (17.70) (17.97)  (15.90)
48.56 52.78 45.40 28.78 27.12 29.70 26.00 35.89 22.56
(17.09) (16.00) (17.20) | (14.19) (12.47) (14.98) | (16.72) (17.13)  (15.13)

Note: The first row of each consumption item denotes the mean, while the second rows in parantheses
represent the standard deviation.
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Table A4. Differences in expenditure shares by consumption categories between Ghanaian households experiencing welfare losses and households experiencing

welfare gains

Petroleum

Natural gas

Electricity

Pub. Trans.

Food

Durable

Total Exp.

N

Rural Urban
Quintile 3 Quintile 4 Quintile 3 Quintile 4
Loss group  Gain group t-test Loss group Gain group t-test Loss group Gain group t-test Loss group Gain group t-test
(1) (2) (1)-(2) 3) (4) (3)-(4) (5) (6) (5)-(6) (7) (8) (7)-(8)
0.07 0.00 0.06*** 0.03 0.00 0.03*** 0.02 0.00 0.02%** 0.01 0.00 0.01%**
[0.01] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00]
0.00 0.00 0.00*** 0.00 0.00 0.00*** 0.01 0.00 0.01%** 0.01 0.00 0.01%**
[0.00] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00]
0.07 0.02 0.05%** 0.04 0.02 0.03%** 0.09 0.04 0.04*** 0.06 0.03 0.03***
[0.01] [0.00] [0.00] [0.00] [0.01] [0.00] [0.00] [0.00]
0.04 0.04 0.00 0.05 0.04 0.01 0.06 0.06 0.00 0.07 0.05 0.02***
[0.01] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00] [0.00]
0.33 0.46 -0.13*** 0.34 0.47 -0.13%** 0.29 0.37 -0.08*** 0.32 0.41 -0.09***
[0.01] [0.00] [0.00] [0.01] [0.01] [0.01] [0.00] [0.01]
0.48 0.47 0.01 0.54 0.47 0.07*** 0.53 0.53 -0.00 0.53 0.51 0.02%**
[0.01] [0.00] [0.01] [0.01] [0.01] [0.01] [0.00] [0.01]
1808 1717 Ql*** 2755 2559 196*** 1840 1752 88*** 2780 2568 237***
[12.71] [5.68] [14.56] [14.01] [11.68] [6.80] [11.15] [14.35]
260 1287 627 587 278 950 1048 514

Notes: Reported are average values, with standard errors in parentheses. The loss group represents households experiencing welfare loss due to carbon pricing
despite lump-sum transfers, whereas the gain group represents households experiencing welfare gain owing to lump-sum transfers distributed per household to
compensate for their losses due to carbon pricing. The values displayed for t-tests are the differences in the means across the groups. ***, ** and * indicate
significance at the 1, 5 and 10 per cent critical level.

31



Table AS. Differences in expenditure shares by consumption categories between Nigerian households experiencing welfare losses and households experiencing

welfare gains

Petroleum
Natural gas
Electricity
Public
transport
Food
Durable
Total

Exp.
No. Obs.

Rural Urban
Quintile 3 Quintile 4 Quintile 3 Quintile 4
Loss group  Gain group t-test Loss group  Gain group t-test Loss group Gain group t-test Loss group Gain group t-test
(1) (2) (1)-(2) 3) (4) (3)-(4) (5) (6) (5)-(6) (7) (8) (7)-(8)
0.120 0.030 0.090*** 0.088 0.022 0.066*** 0.061 0.029 0.032*** 0.060 0.016 0.044***
[0.013] [0.001] [0.005] [0.001] [0.005] [0.002] [0.003] [0.002]
0.011 0.000 0.011%*** 0.012 0.000 0.012*** 0.018 0.000 0.017*** 0.018 0.000 0.018***
[0.003] [0.000] [0.002] [0.000] [0.001] [0.000] [0.001] [0.000]
0.023 0.006 0.016*** 0.018 0.004 0.014*** 0.030 0.012 0.018*** 0.028 0.008 0.020***
[0.004] [0.001] [0.001] [0.000] [0.002] [0.001] [0.001] [0.001]
0.105 0.068 0.038*** 0.098 0.057 0.042*** 0.108 0.080 0.029*** 0.101 0.051 0.050***
[0.015] [0.003] [0.007] [0.003] [0.007] [0.006] [0.005] [0.006]
0.445 0.677 -0.232%*** 0.534 0.731 -0.197*** 0.520 0.669 -0.149*** 0.543 0.735 -0.192%***
[0.022] [0.006] [0.011] [0.006] [0.011] [0.011] [0.009] [0.011]
0.311 0.212 0.099*** 0.258 0.180 0.078%*** 0.272 0.199 0.073*** 0.267 0.170 0.097***
[0.019] [0.004] [0.010] [0.004] [0.010] [0.009] [0.008] [0.009]
1556.328 1491.540 64.787*** 2290.280 2244.584 45.695* 2171.0 2132.1 38.913* 3056.9 3049.37 7.525
[21.477] [6.873] [22.73] [12.77] [14.83] [17.91] [23.18] [40.50]
55 609 171 470 163 114 227 74

Notes: Reported are average values, with standard errors in parentheses. The loss group represents households experiencing welfare loss due to carbon pricing
despite lump-sum transfers, whereas the gain group represents households experiencing welfare gain owing to lump-sum transfers distributed per household to
compensate for their losses due to carbon pricing. The values displayed for t-tests are the differences in the means across the groups. ***, ** and * indicate
significance at the 1, 5 and 10 per cent critical level.
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Table A6. Differences in expenditure shares by consumption categories between Ugandan households experiencing welfare losses and households experiencing

welfare gains

Petroleum
Electricity
Public
transport
Food
Durable
Total

Exp.
No. Obs.

Rural Urban
Quintile 3 Quintile 4 Quintile 3 Quintile 4
Loss group Gain group t-test Loss group Gain group t-test Loss group Gain group t-test Loss group Gain group t-test

(1) (2) (1)-(2) 3) (4) (3)-(4) (5) (6) (5)-(6) (7) (8) (7)-(8)
0.090 0.002 0.088*** 0.042 0.001 0.040*** 0.023 0.001 0.023*** 0.014 0.001 0.013***
[0.019] [0.000] [0.005] [0.000] [0.004] [0.000] [0.002] [0.000]
0.013 0.001 0.012%*** 0.009 0.001 0.008*** 0.032 0.008 0.024*** 0.020 0.005 0.015***
[0.007] [0.000] [0.002] [0.000] [0.003] [0.000] [0.001] [0.000]
0.075 0.015 0.059*** 0.078 0.016 0.062*** 0.049 0.013 0.036*** 0.031 0.009 0.022***
[0.020] [0.001] [0.005] [0.001] [0.004] [0.001] [0.002] [0.001]
0.543 0.758 -0.215%** 0.520 0.726 -0.205%** 0.503 0.626 -0.123%%** 0.475 0.638 -0.163***
[0.024] [0.003] [0.011] [0.003] [0.012] [0.006] [0.006] [0.007]
0.275 0.220 0.056*** 0.347 0.253 0.094*** 0.384 0.343 0.042%** 0.452 0.338 0.113***
[0.018] [0.003] [0.011] [0.003] [0.012] [0.005] [0.006] [0.007]
1274.4 1220.72 53.67%** 1853.5 1736.98 116.52%** 1978.4 1909.4 69.04*** 2916.7 2673.57  243.11%***
[16.85] [2.542] [15.22] [4.779] [14.99] [6.471] [15.70] [15.726]

36 2027 189 1882 161 806 513 396

Notes: Reported are average values, with standard errors in parentheses. The loss group represents households experiencing welfare loss due to carbon pricing
despite lump-sum transfers, whereas the gain group represents households experiencing welfare gain owing to lump-sum transfers distributed per household to
compensate for their losses due to carbon pricing. The values displayed for t-tests are the differences in the means across the groups. ***, ** and * indicate
significance at the 1, 5 and 10 per cent critical level. Differently from Ghana and Nigeria, Ugandan households do not consume natural gas, hence there is no entry
for this consumption category.
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Table A7a. Embodied emissions in GTAP 10a. associated with household
consumption in Mt CO2, considering all upstream emissions

Nigeria Ghana Uganda
1 pdr 4,04E-01 1,17E-01 1,48E-03
2 wht 7,35E-01 5,34E-02 1,22E-02
3 gro 6,79E-01 2,31E-01 2,69E-03
4v f 2,59E+00 8,59E-01 1,91E-01
5 osd 2,01E-01 6,16E-02 1,20E-03
6c_b 2,90E-02 9,76E-07 1,49E-02
7 pfb 9,33E-05 9,24E-03 2,46E-04
8 ocr 4,81E-01 3,00E-04 7,95E-04
9 ctl 1,12E-02 1,19E-03 2,34E-03
10 oap 1,25E-02 5,85E-02 2,35E-03
11 rmk 5,95E-05 4,55E-04 4,95E-03
12 wol 9,75E-04 7,53E-05 3,12E-05
13 frs 2,41E-01 9,05E-05 2,43E-01
14 fsh 2,47E-01 1,27E-01 2,23E-02
15 coa 6,26E-09 1,03E-02 5,13E-03
16 oil 3,38E-05 8,47E-10 7,80E-07
17 gas 2,97E-09 9,65E-03 3,47E-06
18 oxt 7,88E-04 8,08E-06 3,13E-02
19 cmt 1,17E+00 6,61E-02 1,03E-01
20 omt 2,23E-01 6,53E-02 2,70E-02
21 vol 1,65E-01 6,92E-02 8,88E-03
22 mil 1,42E-01 6,48E-02 2,41E-02
23 pcr 3,64E-01 1,50E-01 2,51E-04
24 sgr 1,16E-01 4,79E-02 1,02E-02
25 ofd 9,98E-01 4,67E-01 2,10E-01
26b_t 4,54E-01 3,24E-01 2,72E-01
27 tex 7,10E-01 4,14E-01 5,03E-02
28 wap 1,13E+00 3,12E-01 8,19E-02
29 lea 3,09E-01 2,06E-01 4,00E-02
30 lum 1,98E-01 8,07E-02 1,98E-02
31 ppp 4,91E-01 6,17E-02 2,02E-02
32p_c 1,42E+01 3,28E+00 1,40E+00
33 chm 3,34E+00 1,02E+00 3,58E-01
34 bph 6,78E-01 1,40E-01 1,36E-01
35 rpp 1,25E+00 3,85E-01 7,70E-02
36 nmm 1,01E+00 8,06E-02 1,43E-02
37i_s 1,74E+00 1,56E-01 3,25E-02
38 nfm 6,92E-01 6,13E-02 1,44E-02
39 fmp 1,02E+00 2,25E-01 2,87E-02
40 ele 1,80E+00 4,38E-01 9,56E-02
41 eeq 2,18E+00 4,53E-01 4,21E-02
42 ome 2,91E+00 9,11E-01 1,46E-01
43 mvh 2,34E+00 2,69E-01 1,14E-01
44 otn 2,43E+00 6,77E-02 7,58E-02
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45 omf 1,48E+00 2,69E-01 4,17E-02

46 ely 8,97E+00 1,28E+00 5,25E-01
47 gdt 2,59E-03 1,22E-03 6,40E-06
48 wtr 3,73E-01 3,65E-02 1,01E-01
49 cns 2,36E+00 2,10E+00 9,61E-01
50 trd 3,18E+00 1,20E-02 1,73E-02
51 afs 1,51E+00 2,04E-02 1,51E-02
52 otp 5,24E+00 5,78E-01 5,37E-01
53 wtp 2,18E+00 4,71E-01 6,84E-04
54 atp 3,78E+00 1,56E-01 7,52E-04
55 whs 6,79E-02 1,69E-02 7,08E-03
56 cmn 6,44E-01 9,00E-02 8,64E-02
57 ofi 8,02E-01 8,71E-03 8,63E-04
58 ins 5,99E-01 7,44E-03 1,66E-03
59 rsa 7,49E-01 6,46E-03 6,43E-03
60 obs 4,48E-01 5,37E-03 2,17E-03
61 ros 8,14E-01 2,26E-01 1,22E-01
62 osg 5,88E+00 6,05E-01 1,63E-01
63 edu 3,34E+00 2,92E-01 1,42E-01
64 hht 4,57E+00 6,20E-01 2,32E-01
65 dwe 9,98E-04 1,15E-01 4,73E-02
total 9,47E+01 1,83E+01 6,94E+00

Note: Embodied emissions as being calculated associated with HH consumption for
Uganda, Nigeria and Ghana.

Table A7b. Embodied emissions in GTAP 10a. associated with household
consumption in Mt CO2, considering solely regional emissions

Ghana Nigeria Uganda
pdr 6,36E-02 9,11E-02 9,56E-04
wht 9,50E-06 4,40E-03 3,45E-07
gro 1,43E-01 2,02E-01 8,10E-04
v_f 5,43E-01 6,11E-01 1,13E-01
osd 4,61E-02 4,45E-02 7,23E-04
c_b 3,74E-07 3,39E-03 9,49E-03
pfb 3,21E-03 2,80E-07 9,64E-05
ocr 9,49E-06 7,25E-02 1,75E-05
ctl 3,98E-04 1,98E-07 1,67E-03
oap 3,58E-02 5,78E-03 1,26E-03
rmk 1,65E-04 3,04E-05 3,52E-03
wol 3,15E-09 5,59E-06 1,26E-09
frs 1,68E-06 1,55E-01 1,84E-01
fsh 6,07E-02 1,40E-01 1,60E-02
coa 1,00E-02 0,00E+00 5,00E-03
oil 0,00E+00 2,82E-05 5,28E-07
gas 9,00E-03 0,00E+00 2,26E-06
oxt 8,20E-07 0,00E+00 2,07E-02
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cmt
omt
vol
mil
pcr
sgr
ofd
b_t
tex
wap
lea
lum
ppp
p_c
chm
bph
rpp
nmm
is
nfm
fmp
ele
eeq
ome
mvh
otn
omf
ely
gdt
wtr
cns
trd
afs
otp
wtp
atp
whs
cmn
ofi
ins
rsa
obs
ros
osg
edu
hht
dwe

4,18E-02
2,61E-02
1,70E-02
3,07E-02
8,28E-03
1,62E-05
1,60E-01
1,88E-01
3,84E-02
8,76E-02
3,89E-02
5,35E-02
1,50E-02
2,89E+00
2,35E-01
2,16E-02
3,84E-02
6,15E-05
9,90E-03
6,22E-03
4,25E-02
3,19E-02
7,17E-03
2,25E-02
3,71E-04
3,77E-05
4,85E-02
1,06E+00
1,00E-03
1,24E-02
4,48E-07
1,30E-03
6,36E-04
2,64E-01
1,58E-03
2,29E-02
1,29E-02
3,31E-02
4,18E-03
3,00E-03
4,05E-03
4,51E-04
1,45E-01
1,09E-02
2,45E-02
3,21E-02
3,99E-02

9,37E-01
1,64E-01
3,48E-02
1,56E-03
3,17E-02
1,59E-03
2,38E-01
2,34E-01
8,97E-02
1,09E-01
2,08E-02
2,73E-02
2,67E-01
1,33E+01
1,53E+00
3,27E-01
7,75E-01
5,09E-01
1,44E-01
4,41E-02
7,76E-02
2,34E-01
5,22E-02
9,47E-02
1,92E-01
2,20E-01
3,23E-01
8,95E+00
2,59E-03
1,43E-01
1,52E-06
1,32E+00
9,69E-01
3,09E+00
1,81E-01
9,72E-01
3,66E-02
2,56E-01
6,43E-01
4,34E-01
6,41E-01
9,35E-02
5,88E-01
2,29E-01
5,12E-01
5,40E-01
6,26E-04

7,73E-02
1,86E-02
2,49E-03
1,54E-02
1,44E-04
1,19E-03
1,06E-01
1,43E-01
2,10E-02
3,72E-02
5,52E-03
5,19E-03
8,43E-03
1,29E+00
1,37E-01
1,87E-02
2,60E-02
6,58E-03
1,46E-03
3,52E-03
3,69E-03
5,23E-03
2,10E-03
4,59E-03
5,99E-03
1,13E-03
1,28E-02
4,52E-01
3,93E-06
8,46E-02
2,07E-02
1,37E-02
1,05E-02
3,01E-01
1,71E-06
7,59E-05
5,38E-03
5,75E-02
4,53E-04
3,82E-04
3,11E-03
6,84E-04
8,83E-02
2,41E-02
7,20E-02
7,02E-02
1,94E-02
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Notes: The table considers solely regional emissions that result from within the
respective country. The first column lists the GTAP sectors, with their acronyms
described in table A2. When the unmatched sectors — those not included in the
analysis — are aggregated, 5.6%, 13.1% and 9.2% of emissions are omitted for
Ghana, Nigeria and Uganda, respectively.

Table A8. Spending of households on sectoral goods according to GTAP in Mio USD

Nigeria Ghana Uganda
1 pdr 21785,11 371,125 44,792
2 wht 2064 130,06 31,246
3 gro 40544,6 1090,52 31,66
4v_f 112694 5051,9 2700,4
5 osd 18601,7 324 17,87
6c_b 1532,183 0,005 164
7 pfb 0,014 35,293 1,984
8 ocr 10943,8 0,78 2,903
9 ctl 0,074 11,111 26,21
10 oap 781,6 270,98 23,5
11 rmk 13,614 3,142 72,4
12 wol 2,163 0,037 0,003
13 frs 5287,56 04 1280,24
14 fsh 8597,5 773,49 423,22
15 coa 0 0,503 0,25
16 oil 0,297 0 0,005
17 gas 0 1,673 0,027
18 oxt 0 0,001 44,6
19 cmt 41438,4 437,8 600,594
20 omt 6514,2 361 199,16
21 vol 978 306 47,4
22 mil 571,6 312 272,93
23 pcr 1191 473,8 6,843
24 sgr 486 176,19 38,8
25 ofd 7664 1932 1333
26b_t 4274 1151 1412,5
27 tex 2230 773 146,4
28 wap 4782 689 337,4
29 lea 1250 556 124,8
30 lum 691,5 332,6 37,703
31 ppp 807 90,8 45,76
32p_c 3285 838,8 313,07
33 chm 3013 1210 580
34 bph 1342 355,1 387
35 rpp 942 596,9 193,9
36 nmm 615 68,315 21,55
37i_s 1281,6 103,45 22,99
38 nfm 758,6 134,1 11,04
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39 fmp 1010 119,9 21,88

40 ele 2142 398 55,6
41 eeq 1032 103,7 21,24
42 ome 1466 161,8 58,6
43 mvh 3978 338,488 105,8
44 otn 4992 11,033 26,77
45 omf 1559 160,3 41
46 ely 1217,172 656,92 176,4
47 gdt 0,144 0,177 0,038
48 wtr 637,169 37,547 649,137
49 cns 0,06 0,003 305,001
50 trd 20732 45,3 117,082
51 afs 13709 81,86 77,58
52 otp 4474 462,4 276,4
53 wtp 521 24,715 0,029
54 atp 2200 57,97 0,31
55 whs 764,67 81,027 54,968
56 cmn 4228 501,5 635,4
57 ofi 12443 88,38 13,784
58 ins 8909 67,62 19,65
59 rsa 3596 45,82 130,48
60 obs 2245 12,582 41,75
61 ros 9192 773 501
62 osg 879,028 73,111 210,08
63 edu 2241,43 220,7 553,3
64 hht 2979,09 261,7 752,4
65 dwe 70,4 740 1540
Total 414180,278 24488,428 17383,829

Notes: The first column lists the GTAP sectors, with their acronyms described in
table A2. The shares of unconsidered expenditures range between 12.8% and 17.2%.
These correspond to sectors that have no match in table A2.
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