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37 SI1: Sociodemographic and economic relationship with LPG use level
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LPG Use by Wealth and Urbanicity
n=7,194
LPG Use Stage No LPG Non-primary Primary Exclusive
Overall
100% 17 % 21 %
1] 0,
T 50% s 94 % 83 % 33 %
] oo 31%
T 0%
c o
g_ Rural
0 100%
- 99 % 95 % 5%
= 50% 89 %
o 2% 50 %
g o%
..E Urban
8 100% 20% 24 %
3 50% 97 % 90 % 7% 36 %
o 52 % 26 %
0%
1- Least Wealthy 2 3 4 5- Most Wealthy
Wealth Index
39 Only percentages above 15% are labeled for clarity

40 Figure SI1: LPG Use levels by Wealth & Geography: 100% Stacked bar of LPG use by stage when
41 respondents are grouped by wealth index score quintiles

42
43  SI2: Regional variation in LPG use as main cooking fuel
44

LPG as main cooking fuel
n=7,276
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Shapefile source:
https://data.humdata.org/dataset/ghana-administrative-boundaries
45 Main cooking fuel is defined as LPG use as primary or exclusive cooking fuel

46 Figure SI2: Use of LPG as main fuel by region and urbanicity. Main fuel implies primary or exclusive use.
47 "Only urban Accra has a majority of households using LPG as main fuel".
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SI3: Correlation among quantitative indicators of LPG use

Correlation among LPG use variables (Per capita)
Outliers removed All data
yesterday - 0.15.0.26 0.31 yesterday- 0.2 0.31
week- 0.3 |0.37| 0.2 week - 041
lastmonth - 0.25/0.26 lastmonth - /0.38/0.36
seasonal- 0.11 seasonal-| 0.3
N » N > » N
N oé(\ & N o"‘\@ &
NP S & o «
Ao &0 o 28
NS NS
X = non-significant at p < 0.05 (Adjustment: Holm) X = non-significant at p < 0.05 (Adjustment: Holm)
sample sizes:
nple sizes: [ -
nmode = 1376 .10 -0.5 0.0 0.5 1.0
Nmax = 1776
correlation:
Pearson
seasonal/ yesterday: min/day; week: times; annual: kg, last month: cedi

Figure SI3: Correlation among five quantitative LPG use indicators. While there is no negative correlation,
the strength of the relationship improves from weak to moderate only when outliers are removed.

Sl4: Behavioral perception on advantages and disadvantages of LPG use

Perceptions: Advantages by LPG Use Stage

Regular LPG use is

good for family's health Cooking with LPG is comfortable

Exclusive 14% 18% 68 % 97 %
Primary 15% 15% 70 % 98 %
Non-primary 21 % 14 % 66 % 94 %
No LPG 20 1M1 % 69 % 88 %
0% 25% 50% 75%

Using LPG makes
Kitchen Smoke Free and Clean

Respondent by LPG Use Stage

Exclusive 97 %
Primary 99 %
Non-primary 97 %
No LPG 95 %
0% 25% 50% 75% 100%

Percent

Response Disagree Neutral Agree
Regular LPG use Regular LPG Use is
saves time symbol of madernity
Exclusive 98 % 57 % 14 % 29 %
Primary 99 % 55 % 14 % 31 %
Non-primary 96 % 52 % 14 % 34 %
No LPG 93 % 37 % 1% 52 %

100%

Only percentages above 10% are labeled for clarity

Figure Sl4: Responses to five statements on advantages of LPG when respondents grouped by stage of

LPG use. There is limited variation in response by stage.
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Perceptions: Disadvantages by LPG Use Stage

Response Disagree Neutral Agree
When free wood is available, Regular LPG use increase

LPG use is waste of money risk of accident
Q@ Exclusive 76 % 21% 42 % 16 % 41 %
g’ Primary 79 % 18 % 39 % 14 % 47 %
<= Non-primary 60 % 35 % 36 % 54 %
n No LPG M % 53 % 25% 67 %
4]
7] . .

. i Regular LPG use is expensive &
3 Getting LPG refills is inconvenient | can't afford
0. Exclusive 51% 15 % 34 % 70 % 1% 19%
-l Primary 47 % 15 % 38 % 68 % 12% 20%
> Non-primary 44 % 14 % 42 % 49 % 15 % 36 %
f' No LPG 23% 16 % 61 % 22% 68 %
c
[T Taste of food cooked with LPG Some daily staple food items
'g is not good compared to traditional stoves cannot be cooked with LPG
g_ Exclusive 75 % 18 % 57 % 1% 32%
" Primary 66 % 26 % 44 % 49 %
@ Non-primary 56 % 34 % 36 % 55 %
' No LPG 54 % 1% 35% 30 % 12% 58 %

0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
Percent

Only percentages above 10% are labeled for clarity

Figure SI5: Responses to five statements on disadvantages of LPG when respondents grouped by stage
of LPG use. There is limited variation in response by stage.

Processing of Perception Scores

Advan_total = stove_gas_pref 3 + stove_gas_pref 5+ stove_gas_pref 7 +
stove_gas_pref 9 + stove_gas_pref 11

The five variables represent the 5 statements from Figure SI5

#1: Agree becomes +1 points for agreeing with a positive sentiment about LPG; 2:
Neutral becomes 0 points for neutral with a positive sentiment; #3: Disagree becomes -
1 point for disagreeing with a positive sentiment; Higher score signals more favorable
feeling towards LPG. A higher advantages total score indicates a more positive feeling
toward LPG. The range of the Advan_total variable is +5 to -5

disadvan_total = stove_gas_pref_1 + stove_gas_pref_2 + stove_gas_pref 4 +
stove_gas_pref 6+ stove_gas_pref 8 + stove_gas_pref 10

The six variables represent the 6 statements from Figure Sl4
#1: Agree becomes -1 points for agreeing with the negative sentiment about LPG; 2:

Neutral becomes 0 points for neutral with a negative sentiment; #3: Disagree becomes
+1 point for disagreeing with negative sentiment (double negative= positive); Higher
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score signals more favorable feelings toward LPG: negating the negative feeling about
LPG. The range of the Disadvan_total variable is +6 to -6

Sl4: Binary logistic regression for three processes

Choice of independent variables

We excluded a few frequently mentioned factors in the literature for three
reasons. First, some factors were already captured more reliably by the listed factors.
For example, we consider wealth index over income/ expenditure metrics due to
reliability issues around direct response to income and expenditure estimates. Studies
have shown that income estimates are often subject to social desirability bias as well as
recall bias (Kar et al., 2020). Second, some factors were dropped due to restrictions
imposed by statistical analysis models. For example, the autonomy factor related to
‘Primary Cook is also household head” is dropped. The factor is accounted for indirectly
as we include the age & gender of the household head in the analysis. When the
primary cook is the same as the household head, there will be an absolute correlation
between primary cook age/ gender and household head age/gender when the value of
the third variable (Primary Cook= Household Head) is 1. It would violate core
assumptions around multicollinearity. Third, we made a judgment call that some factors
were not particularly relevant in the study context, i.e. they are not likely to play a
differentiating role in the transition process. For example, social strata/ caste are more
relevant in the Indian context compared to Ghana. We also did not use factors like the
price of LPG as all survey respondents were subject to the market price (and its
fluctuations) in Ghana. Fourth, we applied some factors conditionally to the three sub-
transition process analyses. For example, the burner number is 0 for those who don’t
have LPG. If a household does not use LPG, the LPG burner number (=0) is a result of
them not using LPG indicating reverse causality. Hence, we did not include them for the
uptake sub-transition but as an important predictor for the other processes.



130
131
132

133
134
135

136
137

Processing of raw variables

While some predictor variables were used as-is from the survey data like age
and gender, others like wealth index and family size were processed from the raw data.
Detailed notes on the processing of variables are available in the companion R codes.
For a few variables we have used two ways: original form as continuous, such as age,
and categorical by splitting age into three groups (Table SI16).

Factor Type used Data Processing, if any
Description | for
regression
1. Wealth Continuous Wealth Index Score Calculation is detailed in Annexure 1 and appended
Index Score | and with this Supplementary Information. When a categorical version of the
Categorical wealth index score is used, we categorize the 1st to 3rd quantile range
as “middle class”. Lower and higher values beyond the range are
categorized as “Poor” and “Rich” respectively
2. Family/ Continuous We adapt the "Standard adult” equivalence factors defined in terms of
Household and sex and age when calculating household size from the list of household
Size Categorical members as per the Kitchen Performance Test Protocol (Bailis, 2007)
Gender and age Fraction of Standard Adult
Child: 0-14 years 0.5
Female: over 14 years 0.8
Male: 15- 59 years 1.0
Male: Over 59 years 0.8
When a categorical version of the household size is used, we
categorize the 1st to 3rd quantile range as “Medium”. Lower and higher
values beyond the range are categorized as “Small” and “Large”
respectively
3. Age of Continuous As is from the survey database; when a categorical version of the age
primary cook | and of primary cook is used, we categorize the 1st to 3rd quantile range as
Categorical “middle age”. Lower and higher values beyond the range are
categorized as “Young” and “Old” respectively
4. Gender of | Categorical As is from survey database
primary cook




5. Education | Categorical Respondents chose from the following options:
of primary -10 None
cook 1 Primary school: uncompleted
2 Primary school: completed
3 Middle/Junior HS: uncompleted
4 Middle/Junior HS: completed
5 SHS/Commercial/Technical: uncompleted
6 SHS/Commercial/Technical: completed
7 Post-middle training: teachers, secretarial, etc.
8 Post-sec training: Nursing, Teacher, Polytechnic,etc.
9 University: undergraduate completed
10 University: undergraduate uncompleted
11 University: masters or higher uncompleted
12 University: masters or higher completed
-99 | Don't Know
-88 | Don't Want to Answer
We categorized 1-5 & -10 as “No Higher Education”, 6-12 as “Higher
Education” and -88, -99 & NA (missing) as NA (missing)
6. Age of Continuous As is from the survey database, when a categorical version of the age
household and of hh-head is used, we categorize the 1st to 3rd quantile range as
head Categorical “middle age”. Lower and higher values beyond the range are
categorized as “Young” and “Old” respectively
7. Gender of | Categorical As is from survey database
household
head
8. Education | Categorical As is from survey database
of household
head
9. Positive Continuous Detailed in section SI3. When a categorical version of the positive
perceptions | and perception score is used, we can’t use the quantile data as the 3rd
about Categorical quantile and maximum value are the same. So, after review of the

regular LPG
use

decile data, we manually decided on the following:

Min Max Category
-5 2 Low

3 3 Medium
4 5 High
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10. Negative | Continuous Detailed in section SI3. When a categorical version of the negative
perceptions | and perception score is used, we categorize the 1st to 3rd quantile range as
of regular Categorical “Medium”. Lower and higher values beyond the range are categorized
LPG use as “Small” and “High” respectively.
11. No. of Continuous As is from the survey database. When a categorical version of the
burners in and burner size is used, we categorize them as “Single”, “Double”, & “Triple
LPG stove Categorical or more”
12. Urban or | Categorical As is from survey database
Rural
13. Categorical Respondents chose from the following options:
Convenienc 1 Home delivered by LPG supplier
e to access 2 Send the cylinder with someone else: PAYS NO transportation
LPG fuel charge
3 Send the cylinder with someone else: PAYS A transportation
charge
4 Travels less than 1 km
5 Travels 1-3 km
6 Travels 4-6 km
7 Travels more than 6 km

Those with options 1-4, were categorized as “Yes” and 5-7 with “No”. -
88, -99 & NA (missing) were coded as NA (missing)

Table S16: Processing of thirteen variables identified as drivers and barriers

Regression results

We have done two broad types of regression: binary logistic regression and
ordered categorical regression as detailed below.

A. Binary Logistic Regression

We conducted four rounds of generalized linear model-based logistic regression
to test the influence of predictors on the outcome (success or failure) for each of the
three transition choices: uptake, main, and exclusive.

Round 1: All-mixed

First, we conducted analyses with all (for uptake: 11, others: 13) factors as
predictors for regression analysis. These are mixed models with both continuous (e.g.,
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primary cook age), and categorical (e.g. primary cook gender) predictors. These all-mix
models are called models 1, 5, and 9 for uptake, main, and exclusive respectively.

Round 2: Significant-mixed

Second, we only selected the significant (p<0.05) factors for an updated estimate
of their influence to re-run the regression analysis. In other words, we removed all the
predictors with non-significant results. These significant-mix models are called models

2, 6, and 10 for uptake, main, and exclusive respectively. For these models, we then ran
the full battery of tests to check how well the underlying assumptions for the binary
logistic regression models hold true. The seven assumptions are detailed below in
Table SI07. In the case of if an independent variable is statistically significant (i.e.,
p<0.05), it implies the presence of non-linearity between the independent variable and

the logit of the outcome variable.

Assumptions Significant- Significant-
mixed categorical

1: One dependent variable that is dichotomous (Study design) Yes Yes

2: One or more independent variables that are measured on either | Yes Yes

a continuous or nominal scale (Study design)

3. Independence of observations: Predictors and dependent Yes Yes
variables should be mutually exclusive and exhaustive (Study

design)

4. Minimum of 50 cases per independent variable (Study Yes Yes

implementation)

5. The linear relationship between the continuous independent Partial Yes
variables and the log-odds of the dependent variable (Study result)

6. No multicollinearity; occurs when two or more independent Yes Yes
variables are highly correlated with each other.

7. No significant outliers, high leverage points, or highly influential Partial Yes
points.

Table SI07: Regression assumption tests

We find that the underlying assumption of the linear relationship between

continuous predictor variables and the logit of the outcome was not fully satisfied for all
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three models 2,6, & 10. In the Box-Tidwell test, if an independent variable is statistically
significant (i.e., p<0.05), it implies the presence of non-linearity between the
independent variable and the logit of the outcome variable. We found 2/4, 2/5, and 2/3

continuous variables for uptake, main, and exclusive respectively failed to meet this

assumption. We also found 1 influential outlier datapoint for uptake (model 2) and no
influential outlier datapoint for main, and exclusive transition choices.

Round 3: All-cateqorical

Third, we converted all continuous variables into three categories and re-ran the
analyses. The three categories are interquartile range (IQR: medium), <IQR as low, and
>|QR: high. We manually adjusted the category cutoff when the 3rd quartile and max
were identical in a couple of cases. These all-categorical models are called models 3, 7,
and 11 for uptake, main, and exclusive respectively.

Round 4: Significant-categorical

Finally, we only selected the significant (p<0.05) factors for an updated estimate
of their influence to re-run the regression analysis. In other words, we removed all the
categorical predictors with non-significant results. If the results were significant for one
level but not for the other, we removed the predictor. For example, Primary Cook:
Middle Age (vs. Young) as a predictor variable for main is significant, but Primary Cook:
Old (vs. Young) was not significant. So, we dropped Primary Cook Age (categorical) in
this round. These significant-categorical models are called models 4, 8, and 12 for
uptake, main, and exclusive respectively. Again, for these models, we then ran the full
battery of tests to check how well the underlying assumptions for the binary logistic
regression models hold true (Table SI107). They have satisfied all assumptions when
applicable. For example, we did not run the Box-Tidwell test as there were no more
continuous predictors. The binary logistic regression results for uptake, main, and
exclusive transition choices are shown in Tables SI8, SI9, and SI10 respectively. The
tables were created using the stargazer package in R platform (Hlavac, 2022).

10
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Binary Logistic Regression for LPG Uptake

LPG Uptake (Binary dependent variable): Yes (1), No (D)

Model 1 Model 2 Model 3 Model 4
Wealth Index Score 0510"" 0509"""
(0.024) (0.024)
Wealth Index: MiddleClass (vs. Poor) 1723 1736
(0.215) 0214
Wealth Index: Rich (vs. Poor) 3314 33377
(0.223) (0:222)
Primary Cook Age 0.005
(0.005)
Primary Cook: Middle Age (vs. Young) 0.028
(0.103)
Primary Cook: O1d (vs. Young) 0.14%
(0.145)
Primary Cook: Male (vs. Female) 0041 0.198
(0.148) (0.146)
Primary Cook HigherEducation: Yes (vs. No) 0593 0.549""" 0.652""" 0689
(0.1200 (0.115) (0.115) (0.110%
Household Head Age o028 o025t
(0.004) (0.003)
Household Head: Middle Age (vs. Young) 0421"* 0435
(0.105) (0.0946)
Household Head: Old {vs. Young) 07271 0833
(0.14%) (0.120%
Household Head = Female? Yes -0.11%9 0o01%
(0.097) (0.094)
Household Head HigherEducation: Yes (vs. Na) 0_2,3}" 0_254" 0_433”‘ 04217
(0.115) (01100 (0.110) (0.107)
Family Size 0355 -0349"""
(01032) (0.029)
Family Size: Medium (vs. Small) 0418™"" 04397
(0.101) (D.093)
Family Size: Large (vs. Small) 113’ 1157
(0.133) (0.124)
Location: Urban (vs. Rural) 0.840"" 0g32""" 0918™"" 0916
(0.088) (0.08T) (0.086) (0.085)
Positive perception Score 0034
(0.136)
Positive perception: Middle (vs. Small) 0.256
(0.105)
Positive perception: High (vs. Small) -0.047
(0.107)
Negative perception Score 13207 1322
(0.083) (0.083)
Negative perception: Medium (vs. Small) 0540 0576
(0.108) (0.107)
Negative perception: High (vs. Small) 1.612"" 16517
(0.112) (0.112)
Observations 4,604 4 604 4,604 4,604
Log Likelihood -1.875.566 -1.876.836 -1.967.094 -1.975259
Alkaike Inf. Crit. 3,775.132 3.769.673 3970087 3974518
Bayesian Inf. Crit. IB52.3 3821.2 4086 4051.7
McFadden pseduo R” 0.398 0.397 0.368 0.366
Hosmer Lemeshow goodness of fit- p value 0.15 0721 0073 0.162

Note:

“pen.1; “penos; peonl

Table SI8: Binary Logistic regression for uptake transition choice outcome with eleven predictors

11
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Binary Logistic Regression for LPG Use as main fuel
LPG mainuse (Binary dependent variable): Yes (17, No (0}
Model 5 Model & Model 7 Model &
Wealth Index Score R E M onstt
(0.030) (0.030)
Wealth Index: MiddleClass (vs. Poor) -1 _40‘,!"
(0.645)
Wealth Index: Rich (vs. Poor) -(h. 966
(0650}
Primary Cook Age H0.005
{0.007)
Primary Cook: Middle Age (vs. Young) -0.341 "
(0.164)
Primary Cook: Old {vs. Young) -0L3TT
(0.238)
Primary Cook: Male (vs. Female) 10677 1090""" L™ L12s™"
0.271) (0.259) 0271} (0.248)
Primary Cook HigherEducation: Yes {vs. No) n.499"" sttt ossottt o726™ %
{0170 (0.139) (0169) (0129
Household Head Age st opm”"
{0.007) (0.005)
Houschold Head: Middle Age (vs. Young) -0.024
(0.172)
Houschold Head: Old (vs. Young) .0_935"‘
(0.236)
Houschold Head = Female? Yes 0098 -0.070
{0.146) (0148}
Houschold Head HigherEducation: Yes (vs. No) 01031 0.183
(0.168) (0167}
Family Size PR I 375"
{0.052) (0.048)
Family Size: Medium (vs_ Small) ngos™™ e
(0.165) (0.145)
Family Size: Large (vs. Small) .[533'" -1 _523'"
(0220} (01913
Convenient Aceess to Fuel: Yes (vs. Mo) 0064 0058
{0.139) (0140
Location: Urban (vs. Rural} D_q,g',t“" D_qjq“. 054]“‘ 0_434“‘
(0.148) (0.147) (0.150) (1440
Paositive perception Score 0.295
{0.237)
Pasitive perception: Middle (vs. Small) 0102
(0 166)
Pasitive perception: High (vs. Small} 0013
(0177)
Negative perception Score oona*™” ogssttt
(0.125) (0.124)
Megative perception: Medium (vs. Small) o766t 073"
(0.195) (0.182)
Megative perception: High (vs. Small} 12se" " 1272
(0.191) (0.179)
Number of LPG Bumners D_q.a_‘l‘“ D.—tlﬁl)".
{0065) (0.064)
LPG Burners: Double (vs. Single) ogsT"” omss™""
(0.175) (D.166)
LPG Burners: Triple{vs. Single) 1ot 120
(0.169) (0.150)
Observations 1,741 1,762 1,741 1.TRE
Log Likelihood -TH4 D66 -Tad 839 -T80853 -B46 88T
Akaike Inf. Crit. 1.596.132 1 607 678 1 603 706 1713774
Bayesian Inf. Crit. 16726 16569 17184 17687
McFadden p;deORE 0.214 0213 0218 0.18
Hosmer Lemeshow goodness of fit- p value 0668 0592 0877 0553
Note: *p<t1; “penns; **peo o
Only LPG users are considered
Perception questions around LPG usc only answered by respondents who have seen operated LPG stove

Table S19: Binary Logistic regression for main transition choice outcome with thirteen predictors

12
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Binary Logistic Regression for LPG Use as Exclusive Fuel
LPG as exclusive conking fuel (Binary dependent varisble): Yes (1), Mo (0)
Model @ Model 10 Model 11 Model 12
Wealth Index Score _onestt o078
{0027y (0,023
‘Wealth Index: MiddleClass (vs. Poor) -0.156
(0.595)
‘Wealth Index: Rich {vs. Poor) -0.779
(0.603)
Primary Cook Age 0011
{0.008)
Primary Cook: Middle Age {vs. Young) 0001
(0.156)
Primary Cook: Old {va. Young) 0,174
(0.254)
Primary Cook: Male (vs. Female) 1240 122" 1 a7ttt I
{0.202) (01887 (0.197) (D183
Primary Cook HigherEducation: Yes (va. Nao) 0259 e
{0.185) (0.182)
Household Head Age 0005
(0.008)
Household Head: Middle Age (va. Young) 003z
(0.165)
Household Head: Old (vs. Young) -0.095
(0.269)
Heusehold Head = Female? Yes 0353 nazs*t 0340™ LT
{0152y (01400 (0.152) (0.138)
Heusehold Head HigherEducation: Yes {vs. No) a3 o3 o1 oS
{0.188) (01297 (0.184) (0,123
Family Size pam™” a4
{0.066) (00610
Family Size: Medium (vs. Small) 0853 L™
(0.147) (0.133)
Family Size: Large {vs. Small) Cpaxattt 1542
0271y (0237
Convenient Access to Fuel: Yes (va. Noj -0.149 -0.152
{0141y (0.142)
Location: Urban {vs. Rural} 0094 0.154
{0160y (0.163)
Puositive perception Score -(0.353
{0.253)
Positivie perception: Middle (vs. Small) -0.260
(0.169)
Positive perception: High (vs. Small) FETTN
(0.180)
Megative perception Score aspe"* 0448
{0131y (01247
MNegative perception: Medium {vs. Smallp -0.173 0.265
(0.248) 0231y
Megative perception: High (vs. Small) 0330 0173
(0.235) (0219
Number of LPG Burners 0ol
{0060}
LPG Burners: Double (vs. Single) o2a0"
(0.173)
LPG Burners: Triple(vs. Single) 0102
(0.161)
Observations 1288 1,400 1 288 1411
Log Likelihood -T49.344 -E30.802 -750.356 -E3E010
Akaike Inf. Crir. 1.526.689 1 655 604 1542713 1,692.020
Bayesian Inf. Crit. 1672.6 16569 17184 1768.7
McFadden pseduo R2 0214 0.213 0218 018
Hosmer Lemeshow goodness of fit- p valoe D668 0.592 0877 0553
Nate: “pe.1; ' pog; " peni
Only main (primary, exclusive) LPG users are considered
Perception questions around LPG use only answered by respondents who have seen/ operated LPG stove

Table S110: Binary Logistic regression for exclusive transition choice outcome with thirteen predictors

13
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Notably for uptake, two predictors of convenience to LPG fuel, and the number of
burners were not used as they are discussed in the choice of predictors. Please note
that sample size numbers can slightly vary as for each regression, any blank (missing)
value in any factor leads to that entire respondent (observation) getting dropped.

For uptake, we do not find any difference between model 2 and model 4 in terms
of significant predictors- it shows that when continuous predictors are converted to
categorical, it did not change the key results. For main, two predictors Household Head
Age and Wealth Index Score that were statistically significant (p<0.05) in model 6 were
dropped in model 8. The odds ratio for Household Head Age and Wealth Index Score
were 0.97 and 1.12 respectively in model 6. For exclusive, two predictors Negative
perception Score and Wealth Index Score that were statistically significant (p<0.05) in
model 10 were dropped in model 12. The odds ratio for the Negative perception Score
and Wealth Index Score were 1.56 and 0.92 respectively in model 10.

We also conducted four tests for model fit assessment which are shown in the
tables Sl 8,9, and 10. One, McFadden pseudo-squared R which mirrors the adjusted R-
squared in OLS by penalizing a model for including too many predictors. Values
between 0.2 and 0.4 imply an excellent fit. Two, the Hosmer-Lemeshow test which is a
statistical test for goodness of fit for the logistic regression model. Small p-values mean
that the model is a poor fit. We also used Probabilistic model selection (or “information
criteria”) which provides an analytical technique for scoring and choosing among
candidate models. Three, we calculate the Akaike information criterion (AIC). AIC is
used to compare different models and determine which one is the best fit for the data.
Lower AIC values are better as AIC penalizes models that use more parameters. So if
two models explain the same amount of variation, the one with fewer parameters will
have a lower AIC score and will be the better-fit model. Four, we also calculate the
Bayesian information criterion (BIC). Unlike the AIC, the BIC penalizes the model more
for its complexity, meaning that more complex models will have a worse (larger) score
and will, in turn, be less likely to be selected.
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We select model 2 over model 4 for uptake as it scores better in 4 out of 4
goodness of fit tests though it was partially successful in two underlying assumptions
tests. (Both models have a similar statistically significant set of predictors wherein the
continuous predictors in model 2 were cut into three levels of categorical predictors).

We select model 6 over model 8 for main as it scores better in 4 out of 4
goodness of fit tests though it was partially successful in one underlying assumptions
test. Notably, model 6 has a better fit in spite of having two additional continuous
predictors that were not significant in model 8 when converted to categorical predictors
(for both levels).

We select model 10 over model 12 for exclusive as it scores better in 4 out of 4
goodness of fit tests though it was partially successful in one underlying assumptions
test. Notably, model 10 has a better fit in spite of having two additional continuous
predictors that were not significant in model 12 when converted to categorical predictors
(for both levels).

Hence, in the main paper, we present the findings from models 2, 6, and 10 in
Figure 4, but present the mixed model results in Table SI11.
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Transition Choice Outcome: Binary Logistic Regression

Location= Urban? Yes

Positive perception Score
Negative perception Score
Number of burners in LPG stove

Observations

Log Likelihood
Akaike Inf. Crit.
Bayesian Inf. Crit.

McFadden pseduo R?

Hosmer Lemeshow goodness of fit- p value

LPG Uptake: LPG as Main Fuel: LPG as Exclusive Fuel:
Yes (1), No (0) Yes (1), No (0) Yes (1), No (0)
All  Significant All  Significant  All Significant
Wealth Index Score 0517 051" o11™ 011" 0097 0087
(0.02) (0.02) (0.03) (0.03) (0.03) (0.02)
Primary Cook Age 0.01 -0.00 -0.01
(0.00) (0.01) (0.01)
Primary Cook = Male? Yes -0.04 1.077°° 109" 1247 1227
(0.15) (027) (026) (0.20) (0.19)
Primary Cook HigherEducation? Yes 0.59°" 055" 050" 054" 0.26
(0.12) (0.12) (017  (0.14) (0.19)
Household Head Age 003" 002" 003" 0037 000
(0.00) (0.00) (0.01) (0.00) (0.01)
Household Head = Female? Yes -0.12 -0.10 035" 033"
(0.10) (0.15) (0.15) (0.14)
Household Head HigherEducation? Yes 024 028" 003 044" 063"
(0.11) (0.11) (0.17) (0.19) (0.13)
Family Size 03577 03577 03977 03877 04177 0437
(0.03) (0.03) (0.05) (0.03) (0.07) (0.06)
Convenient LPG Fuel Access? Yes 0.06 -0.15
(0.14) (0.14)

084" 083" 049 050" 009

(0.09) (009 (015 (0.15) (0.16)

0.03 0.29 035

(0.14) (0.24) (0.25)

1327 132" 090™ 088" 0517 045

(008) (008 (0.13) (0.12) (0.13) (0.12)
046" 046" 001

(006) (006)  (0.06)
4604 4604 1741 1,762 1288 1,400

-1.875.57 -1.876.84 -784.07 -794.84 -749.34 -820.80
3,975.13 376967 1596.13 1,607.68 1,52669 1.655.60
38523 38212 16726 16569 1598.9 1692.3

0.398 0.397 0214 0.213 0.159 0.153
0.15 0.721 0.668 0.592 0.178 0.839

Note:

*p<0.1; “p<0.05; ***p<0.01
Main fuel implies LPG use as primary or exclusive fuel

Table SI111: Summary of binary logistic regression for all three transition nodes using a mix of categorical

and continuous variables
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We also present the graphical plot (Figure S112) and summary (Table S113) of binary
logistic regression for all three transition nodes using only categorical variables that
satisfy all regression assumptions completely. The figures were created using the
dotwhisker package in R platform (Solt et al., 2022).

Impact of Predictors on odds ratio of success

Primary Cook Gender? Male
Household Head Gender? Female A
Primary Cook HigherEducation? Yes
Household Head HigherEducation? Yes ;

Household Head: Middle Age (vs. Young) 4

Choice Node
Household Head: Old (vs. Young) A
Exclusive
Wealth Index: MiddleClass (vs. Poor) A )
Main
Wealth Index: Rich (vs. Poor) 4 Uptake

Location= Urban? Yes

LPG Burners: Double (vs. Single) 4

LPG Burners: Triple_or_more (vs. Single) -
Negative perception: Medium (vs. Small) 4

Negative perception: High (vs. Small)

T T T T T

00255075 20 25 30 35 40 45
Odds Ratio with 95% CI

Figure S112: Coefficient plot for all the three processes (ref: Figure 1) of LPG transition only showing
predictors that were found to be statistically significant for the three choices. exp(Estimate) provides the
odds value of the factor using the exponential of the estimate (coefficient value) of the binary logistic
regression. The circles represent the odds value while the line shows the 95% confidence interval around
the odds value.
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Transition Choice Qutcome. Binary Logistic Regression

LPG Uptake: LFPG as Main Fuel: LPG as Exclusive Fuel:
Yes (1), No (0) Yes (1), No (0) Yes (1), No (0)
All  Significant  All Significant  All Significant

Wealth Index: MiddleClass (vs. Poor) 172" 1™t aa™ -0.16
©21)  ©21)  (0.65) (0.59)
Wealth Index: Rich (vs. Poor) 331777 334" 097 =078
(0.:22) (0.22) (0.65) (0.607)
Primary Cook: Middle Age (vs. Young) 0.03 034" 0.00
{0.10) {0.16) (0.16)
Primary Cook: Old (vs. Young) -0.15 -0.38 =017
(0.14) D24y (0.25)
Primary Cook: Male (vs. Female) 020 L™ 2™t 1™ 128
(0.15) 027y (0.25) (0.200) (0.18)
Frimary Cook HigherEducation: Yes (vs. No) 065 069 055 073 030"
(1) (1) (017 (©13)  (0.18)
Household Head: Middle Age (vs. Young) 042777 pag™™t 002 0.03
(011 (©10) (017 (0.16)
Household Head: Old (vs. Young) 07377 083" 9™ -0.10
©0.15) 0.12)  (024) 0.27)
Household Head = Female? Yes 002 -0.07 034" 033"
{0.09) (0.15) (0.15) (0.14)
Household Head HigherEducation: Yes (vs.No) p44™"" p42™° 0.8 041™  o0s8™
11 (1) (017} (0.18) (0.12)

Family Size: Medium (vs. Small) 042" 04d™" a00™ 0™ 0™ od™
(010)  ©0%) ©17)  (©14) (015  (0.13)

Family Size: Large (vs. Small) B0 - S 6 T . S I S U7 A . ~ S
©13)  012)  (022) (019 (027 0.24)
Convenient Access to Fuel: Yes (vs. No) 006 =0.15
(0.14) (0.14)
Location: Urban (vs. Rural) 092" pe2”™" ps4™T pag™™” 0.15
(0.09) (008 (0.15) (0.14) (0.16)
Positive perception: Middle (vs. Small} 026"t 0.10 -0.26
(0.11) {0.17) 0.17)
Positive perception: High (vs. Small) -0.05 001 034"
(0.11) (0.18) (0.18)
Negative perception: Medium (vs. Small) 054" o880 ooyt -0.17 027
(1) (011 (019 (018 (025 (0.23)
Negative perception: High (vs. Small} 16177 1es T 1™ 27 033 0.17
(1) 011y (019 (018  (0.23) 0.22)
LPG Bumners: Double (vs. Single) 086 OBE 029"
018y 017y (017
LPG Burners: Triple(vs. Single) 129" 12177 0.10
017} 015 (0.16)
Observations 4.604 4 604 1.741 1,788 1288 1411
Log Likelihood -1967.09 -1975.26 -780.85 -B4689 -750.36 -838.01
Akaike Inf. Crit. 3970.19 397452 160371 171377 154271 1469202
Bayesian Inf. Crit. 4086 40517 17184 1768.7 1651.1 1734
McFadden pseduo R’ 0368 0366 0218 0.8 0.157 0.142
Hosmer Lemeshow goodness of fit- p value 0.073 0.162 0.877 03553 0218 0982
Note: “pet1; “pan0g; " pednl

Main fuel implies LPG use as primary or exclusive fuel

291
292 Table S113: Summary of binary logistic regression for all three transition nodes using only categorical

293 variables
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SI5: Inspection of the independent variables and the outcome of LPG transition

choices

In addition to wealth index score and urbanicity, we have plotted the association (and

statistical results) among the other eleven predictor variables and LPG transition choice
outcomes as shown here. The figures were created using the ggstatsplot package in R

platform (Patil, 2021).

LPG Transition Outcome vs. Convenience of LPG fuel access
Loarson(1) = 0.50, p = 0.48, Vramer = 0.00, Closy, [0.00, 1.00], ness = 1,823

LPG Main Fuel [Jli] No ©) [l Yes )

(n = 525) (n=1,298)
No Yes

Lareon(1) = 2.89, p = 0.09. Vg amer = 0.04, Clgss; [0.00, 1.00], 1y = 1,337

LPG Exclusive Fuel [JJi] No ©) [Jl] Yes (1)

(n = 379) (n = 958)

No Yes
Convenience

Figure S114: Association between convenience to access LPG fuel and LPG transition choice outcomes.

Only LPG users are considered.
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307
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309

LPG Transition Outcome vs. LPG Stove Burner Number
twelcn(1044.56) = 10.43, p = 2.67€~24, Ghedges = 0.53, Closs, [0.42, 0.63], Ngps = 1,830

1 1 |

No (0) - @ E !
=
©

:
]
. |
Yes (1 ) e @ I
1 3 5
twelcn(1337.03) = -3.44, p = 6.02e-04, /g\Hedges =-0.19, Clgse, [-0.29, —0.08], ngps = 1,341
]
i
No (0) - @ |
()
=
5
]
: |
Yes (1 )= @ |
: 5 5

Burner No.

Figure SI15: Association between the number of burners in LPG stove and LPG transition choice
outcomes. Only considered for LPG users.
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LPG Transition Outcome vs. Family Size
tweicn(4400.78) = —18.25, p = 9.17€~72, Ghiedges = —0.46, Clgss, [-0.51, —0.41], Ngps = 7,276

ﬁmean=3-39
No (0)-  F—HHHH Ll LT LT A e

Yes ()= - IT T I TiTi Pttt

Uptake

W=
(6)]
~
©

- -

tweicn(793.48) = ~10.87, p = 9.016-26, Gheages = —0.58, Close, [-0.69, —0.47], Ngps = 1,963

No(©- i} | idi b

Main
P
g
= |
[}
N
w
[{e)

Yes (1)- o

tweicn(1427.81) = —14.80, p = 3.32e—46, Ghieqges = —0.77, Clgss, [<0.88, —0.67], Ngps = 1,450

Tmean = 2.86
No(0)- = |1 Pl | P~

(0]
>
z
E
W B 1]
Yes (1)- | | .| @i i
3 5 7 9

Family Size

Figure S116: Association between family size (standard adult) and LPG transition choice outcomes
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LPG Transition Outcome vs. Age of Primary Cook
tweicn(3937.5) = —11.28, p = 4.47€-29, Ghiedges = —0.29, Closs, [~0.34, —0.24], Ngps = 7,276

Qnean = 40.59
No (0) - HHHHHHH TR T

ﬁmean=36-54
Yes (1)- HHHHHHHHHITITT T H A

15 25 35 45 55 65 75 85

Uptake

tweicn(806.69) = —4.82, p = 1.69€-06, GHedges = ~0.26, Cloge, [-0.36, —0.15], Ngps = 1,963

amean =39.08

No (0) - l
[
‘©
=
Yes (1)- FHHT
15 25 35 45 55 65 75 85
tweicn(1446.41) = =3.65, p = 2.746-04, Gyiegges = —0.19, Clgss, [~0.29, —0.09], Nops = 1,450
o No(0)- K i s
2
7]
b
©
>
w Yes (1) - :

15 25 35 45 55 65 75 85
Primary Cook Age

95

95

95

Figure SI117: Association between primary cook age and LPG transition choice outcomes
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LPG Transition Outcome vs. Age of Household Head
tweicn(3746.06) = —15.08, p = 6.44€~50, Griedges = —0-39, Closs, [-0.44, —0.34], N gps = 7,276

Timean = 48.06

No(©-  FrrHHHHHHHHHHHHHTT LTI THHHH

ﬁmean=42-29
Yes (1) - enananaanans INNNNRNN] K ENENNN S s saanasnnnnnnns

15 25 35 45 55 65 75 85

Uptake

tweicn(832.75) = —8.22, p = 7.56€~16, GHedges = ~0.43, Cloge, [-0.54, —0.33], Ngps = 1,963

ﬁmean =46.83

No (0) : A e

£
m ~
E
Yes (1)- e e
15 25 35 45 55 65 75 85
tweicn(1436.72) = —6.69, p = 3.23e—11, Giedges = —0.35, Closs, [-0.46, —0.25], Ngpe = 1,450
Timean = 42.94
o No(0)- HHEH K e arrsanss
2
g
W ves (1) - T R s
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HH Head Age
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95
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Figure S118: Association between Household Head Age and LPG transition choice outcomes
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LPG Transition Outcome vs. Positive Perception Score
tweicn(4588.44) = —2.77, p = 5.606—03, Ghedges = —0.08, Clgss, [-0.14, —0.02], Nops = 4,687

ﬁmean =0.66

No (0) - : : : : - —— e | I

-1.0 -0.5 0.0 0.5 1.0

Uptake

tweicn(792.64) = 1.58, p = 0.11, Ghedges = 0.08, Clgss, [-0.02, 0.19], Ngps = 1,917

-0.5 0.0 0.5 1.0

Main

tweicn(1368.47) = —1.40, p = 0.16, Gieqges = —0.07, Clgss, [-0.18, 0.03], Nops = 1,420

o No(0)-

2

(g ~

:

>

W ves (1) - '—D—‘

-0.5 0.0 0.5 1.0
Pos. Perception Score

Figure S119: Association between positive perception score and LPG transition choice outcomes
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LPG Transition Outcome vs. Negative Perception Score
twelcn(3953.69) = 32.64, p = 4.246—207, Griedges = 0.97, Clase, [0.91, 1.04], N gy = 4,687

ﬁmean =-0.25
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Figure S120: Association between negative perception score and LPG transition choice outcomes
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LPG Transition Outcome vs. Primary Cook Gender
Roarson(1) = 65.24. p = 6.64€-16, Veramer = 0.09, Class, [0.07, 1.00], ops = 7,276

LG uptake [l No (o) [l] Yes ()

(n =6,527)

(n=749)

Female Male

(1) =58.26, p = 2.30e-14, Vamer = 0.17, Clagy, [0.13, 1.00], ngps = 1,963

2
Xpearson

LPG Main Fuel [JJi] No 0) [Jli] Yes (1)

29%
(29%

(n = 1,668)

(n = 295)

Female Male

Roarson(1) = 109.19, p = 1.48€-25, Veramer = 0.27. Clasy, [0.23, 1.00], nobs = 1,450

LPG Exclusive Fuel [Jli] No (0) [l Yes (1)

(n=1,179) (n=271)
Female Male
Cook Gender

Figure S121: Association between primary cook gender and LPG transition choice outcomes
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LPG Transition Outcome vs. Household Head Gender
Roareon(1) = 3.04, p = 0.08, Viramer = 0.02, Clasy [0.00, 1.00], ngos = 7,276

LG uptake [l No (o) [l] Yes ()

(n=4478) (n=2,798)

Male Female

(1) = 0.06, p = 0.81, Vgyamer = 0.00, Clggs, [0.00, 1.00]. ngp, = 1,963

2
Xpearson

LPG Main Fuel [JJi] No 0) [Jli] Yes (1)

(n=1,176) (n=787)
Male Female

Roarson(1) = 3.05. p = 0.08. Vramer = 0.04, Clasy, [0.00, 1.00], ngps = 1,450

LPG Exclusive Fuel [Jli] No (0) [l Yes (1)

(n=871) (n=579)
Male Female
Head Gender

Figure S122: Association between household head gender and LPG transition choice outcomes
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LPG Transition Outcome vs. Primary Cook HigherEducation
Wooarson(1) = 1362.71, p = 2.67€-298, Vicramer = 0.43, Clogy, [0.41, 1.00], nops = 7,275

LG uptake [l No (o) [l] Yes ()

(n =5,790) (n=1,485)
NoHigherEducation HigherEducation

(1) = 127.60, p = 1.38€-29, Vig,amer = 0.25. Clasy [0.22, 1.00]. nops = 1,963

2
Xpearson

LPG Main Fuel [JJi] No 0) [Jli] Yes (1)

(n =999) (n =964)
NoHigherEducation HigherEducation

Roaraon(1) = 60.22, p = 8.47€-15, Veramer = 0.20, Clasy, [0.16, 1.00], nobs = 1,450

LPG Exclusive Fuel [Jli] No (0) [l Yes (1)

:

(n=1628) (n=822)
NoHigherEducation HigherEducation
Cook Education

Figure S123: Association between primary cook higher education and LPG transition choice outcomes
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LPG Transition Outcome vs. Household Head HigherEducation
Rosarson(1) = 1134.55, p = 1.026-248, Vramer = 0.40, Clogy, [0.38. 1.00], nops = 7,248

LG uptake [l No (o) [l] Yes ()
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NoHigherEducation HigherEducation
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Figure S124: Association between household head education and LPG transition choice outcomes
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S16: Discussion on LPG stacking

The national (Figure SI27) and urban/rural (Figure S128) breakup of cooking
technology stacking pattern provide insight into stove stacking in Ghana. Literature
suggests that household cooking in low- and middle-income countries often exhibits
considerable stove stacking (when households have two or more stoves at home). To
our knowledge, our data collection effort is the first to characterize stacking in Ghana in
a nationally representative sample. We measured stacking by asking primary cooks for
the quantity and type of every functioning stove owned by the household. Following this
information, we asked respondents to rank their stoves from the most to least commonly
used in their day-to-day cooking activities. We find that the majority of households that
cook primarily with three-stone or charcoal stoves do not stack stoves (66% and 71%,
respectively), meaning that they do not report using a secondary stove. Households that
cook primarily with a three-stone stove most often report a charcoal stove as their
secondary stove type, while charcoal stove users are roughly equally divided between
those who stack with LPG and with three-stone stoves. Finally, LPG owners are the
most likely to have a secondary stove, usually charcoal. Figure 3 depicts these results.

Our sample is about equally split between rural and urban households. We observe
more stove stacking in urban areas. The main difference happens with charcoal users
who have a secondary stove. Those in urban areas generally use LPG stoves as their
second option, whereas in rural areas, three-stone stoves are more prevalent.

Given that the vast majority of households use a charcoal stove, three-stone fire, or
LPG stove, we combined the remaining options (such as electric stoves) into an “other
stove” category. Notably, discussions on stove stacking are limited to primary and
secondary stoves as 97% of households report that they do not have any tertiary
stoves. Also, while these questions were asked with respect to stove use during the dry
season when the surveys were conducted, they remained representative of year-round
stove use patterns in Ghana, as 94% of respondents reported not changing their
primary stove in the wet season.
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3 Stone Fire/ Open Fire
3528 (48%)

Charcoal Stove
2258 (31%)

Total Surveys
7276

LPG stove
1450 (20%)

Secondary
Stove

Figure S125: Breakup of stove use pattern at the national level. For the purpose of readability, the figure

does not display choices that are less than 1%. Hence, only three main cooking technologies are shown
as the primary stove. Other cooking technologies and 'No Stove/ No Data' is not displayed for the primary
stove. Similarly, other cooking technologies and 'primary/secondary same stove' are not displayed for the

secondary stove.
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409

410

411

3 Stone Fire/ Open Fire 3 Stone Fire/ Open Fire
2807 (74%) 721 (21%)

Total Rural Surveys Charcoal Stove Total Urban Surveys Charcoal Stove
3808 699 (18%) 3468 1559 (45%)

No Stove
489 (70%)

3 Stone Open Fire

Fire/
13 (4%)
Charcoal Stove
120 (42%)

No Stove
138 (48%)

LPG stove
289 (8%)

LPG stove
1161 (33%)

Charcoal Stove
557 (48%)
No Stove
547 (47%)

Figure S126: Breakup of stove use pattern at urban (left panel) and rural (right panel) levels. For the
purpose of readability, the figure does not display choices that are less than 1%. Hence, only three main
cooking technologies are shown as the primary stove. Other cooking technologies and 'No Stove/ No
Data' is not displayed for the primary stove. Similarly, other cooking technologies and 'primary/secondary
same stove' are not displayed for the secondary stove.
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1 Initial Household SES Variables

1.1 Variables selected for first PCA estimation

The variables selected for generating the wealth index is derived from household’s durable asset ownership as
well as household utilities and facilities. Table 1 provides the categories and some examples of the variables
used for computing the initial wealth index.

Table 1: Variables included in wealth index
Productive Assets Non-productive Assets Household Facilities

Livestock (bulls) Table Land ownership
Livestock (cattle) Mattress House ownership
Chicken Radio Main light source
Other poultry TV (black, color) Main water source
Goats Room divider, cupboard Main toilet facility
Sheep Satellite dish Floor material
Pigs Fridge, freezer Wall material
Grass cutter Phone, camera Roof material
Rabbit Bicycle, motor Cooking space
Horse, donkey, cart Personal car

Tractor Commercial vehicle

Electric appliances

1.2 Recoding Variables
1.2.1 Variables coded as 0
e Missing
e Don’t know
e Don’t want to answer

e Other (in some instances)
Example 1 Inthe example in Table 2, the first question (left-hand side sub-table) is “Does the HH currently
own any livestock, herds, other farm animals?”. Several participants respond with ’i don’t want to know’

and i don’t want to answer’. This shows up in the subsequent questions as missing. For example in the
subsequent question of ’how many bulls does your household own’ (right-hand side sub-table).

Table 2: Responses to household ownership of livestock

Frequency  Share

1 16 0.22

Frequency  Share g 173 812

I Don’t Know 11 0.15 4 9 0'03
I Don’t Want to Answer 2 0.03 ’

5 3 0.04

No 5354 72.71 7 9 0.03

Yes 1996 27.11 8 1 0'01

Total 7363 100.00 204 1 0.01

7318 99.39

Total 7363 100.00




I recode the missing observations from the previous table as zeros in Table 3.

Table 3: Summary statistics of variables used for asset index

Frequency  Share

0 7318 99.39
1 16 0.22
2 13 0.18
3 7 0.10
4 2 0.03
5 3 0.04
7 2 0.03
8 1 0.01
20 1 0.01

Total 7363 100.00

I recode the response to the question on land ownership; but subsequently drop this variable from the
analysis as the question was randomized.

1.2.2 Categorical variables

e Recode categorical variables as binary

Table 4: Responses to household ownership of land

Frequency  Share

I Don’t Know 3 0.04 o S
Acres 124 1.68 q v

0 6830 92.76
Hectares 4 0.05
. 6827 92.72 Total 7363 100.00
Total 7363 100.00

Example 2

e Recode categorical variables as new categorical variables
Example 3 The options for house ownership were: 1, Sole Ownership | 2, Joint Ownership | 3, Fam-
ily /relation’s house | 4, House provided rent free for unlimited time | 5, Perching | 6, Renting | -8, Other |
-99, I don’t know | -88, I don’t want to answer.

I recoded to (-99=0) (-88=0) (-8=1) (3/5=1) (6=2) (1/2=3). 'Other’ was also coded as ’1’ because all
the options provided fell under government housing or mission housing.

Please see the do file for more details on the recoded variables.
1.3 Analysis

e Review and revise variables included in principal component analysis (PCA)

e First principal component is the wealth index

e Choice of using index as continuous or categorical (i.e. wealth quintiles)



1.4 Initial SES Index

Table 5 shows the distribution of the socio-economic status across the study households. This index is from
the initial exploration with all potential variables that. The sample of households for which there is an SES
index is a mere 3,622, just about half of the national sample. This brings up the question of how to revise
the selected variables. I address this in the PCA post estimation section.

Table 5: Socio-economic status
Frequency  Share

least poor 724 19.99
less poor 724 19.99
poor 725 20.02
more poor 724 19.99
very poor 725 20.02
Total 3622 100.00

Table 6 presents the summary statistics of the variables used.



Table 6: Summary statistics of variables used for asset index
Mean Standard deviation Min Max

bull 0.02 0.33 0 20
cat 0.17 2.03 0 100
chick 3.34 9.32 0 100
o pltry  0.32 2.92 0 100
gt 1.04 3.41 0 50
shp 0.57 2.98 0 100
pg 0.13 1.39 0 50
rbt 0.03 0.61 0 30
grsct 0.00 0.20 0 16
hors 0.01 0.15 0 5
tv_bl 0.04 0.27 0 9
tv_c 0.63 0.63 0 7
cam 0.02 0.22 0 8
was 0.02 0.17 0 8
gen 0.01 0.19 0 9
clck 0.21 0.48 0 10
mat 1.31 1.11 0 10
div 0.36 0.66 0 9
rad 0.57 0.56 0 10
tvd 0.49 0.61 0 9
tabl 1.33 1.13 0 10
phn 1.63 1.27 0 10
frd 0.34 0.56 0 10
frz 0.08 0.31 0 4
bic 0.25 0.58 0 10
cmv 0.05 0.25 0 6
car 0.05 0.27 0 5
trt 0.01 0.17 0 10
fn 0.83 1.02 0 10
ac 0.02 0.23 0 7
cmp 0.10 0.36 0 9
irn 0.43 0.58 0 9
bat 0.01 0.18 0 10
sm 0.13 0.44 0 10
str 0.12 0.40 0 10
ktl 0.08 0.33 0 9
ckr 0.01 0.17 0 10
tstr 0.02 0.23 0 10
r_ckr 0.07 0.27 0 4
mwv 0.04 0.24 0 9
stv 0.01 0.17 0 10
Ind 0.07 0.26 0 1
hown 2.97 1.88 0 6
kit 0.53 0.57 0 2
lgt 0.81 0.39 0 1
fir 0.87 0.34 0 1
wll 0.40 0.49 0 1
rof 0.46 0.50 0 1
wat 2.22 0.77 0 3
toi 0.94 0.61 0 2




1.5 Initial PCA Post-estimation

Table 7 presents the output of standard methods for studying correlation matrices to assess whether the
variables have strong linear relations with each other. These methods can be seen as pre-estimation rather
than as post-estimation methods. The first column contains the output for the inspection of the squared
multiple correlation (the regression R? ) of each variable on all other variables. The SMC measures help
identify variables that cannot be explained well from the other variables, and can help reevaluate whether
they should be included in the analysis. Some of the SMC are small but may not warrant exclusion.

The variables with the smallest SMC and under consideration for exclusion are

e animals (grass cutter, pig, rabbit)

® camera

battery (inverter)
e stove top pressure cooker and
e kitchen space.

The second column of Table 7 contains the Kaiser-Meyer—Olkin (KMO) measure of sampling adequacy,
which compares the correlations and the partial correlations between variables. If the partial correlations are
relatively high compared to the correlations, the KMO measure is small, and a low-dimensional representation
of the data is not possible.

Using the Kaiser (1974) characterization of KMO values,

e (.00 to 0.49 unacceptable
e 0.50 to 0.59 miserable

e 0.60 to 0.69 mediocre

e 0.70 to 0.79 middling

e (.80 to 0.89 meritorious
e 0.90 to 1.00 marvelous

we can say that our KMO value, 0.90 is marvelous.



Table 7: Squared Multiple Correlation and Kaiser-Meyer-Olkin

Variable Name Variable SMC KMO
Livestock (bulls) bull 0.15  0.55
Livestock (cattle) cat 0.16  0.61
Chicken chick 0.28 0.75
Poultry (other) o_pltry 0.18 0.71
Goats gt 0.25 0.75
Sheep shp 0.31 0.69
Pigs pg 0.10 0.62
Rabbit rbt 0.03 0.62
Grass cutter grsct 0.02 0.50
Horse/donkey /cart hors 0.15 0.60
TV (black and white) tv_bl 0.16  0.36
Color TV tv_c 0.58 0.91
Camera cam 0.06 0.93
Washing machine was 0.19 0.95
Generator gen 0.42 0.90
Clock clck 0.26 0.96
Mattress mat 0.51 0.93
Cupboard /wardrobe /room divider div 0.41 0.96
Radio rad 0.14 0.91
Satellite dish tvd 0.55 0.92
Table tabl 0.31 0.95
Phone phn 0.42 0.93
Fridge frd 0.44 0.96
Freezer frz 0.27 0.95
Bicycle bic 0.17 0.80
Commercial vehicle cmv 0.22 0.92
Personal car car 0.38 0.89
Tractor trt 0.42 0.80
Fan fn 0.60 0.96
Air conditioning ac 0.25 0.89
Computer (desktop/laptop) cmp 0.33 0.95
Electric iron irn 0.50 0.96
Battery (inverter) bat 0.03  0.82
Sewing machine sm 0.11 0.84
Store/shop/kiosk str 0.18 0.93
Electric kettle ktl 0.40 0.95
Electric pressure cooker ckr 0.64 0.77
Electric toaster tstr 0.51 0.91
Rice cooker r ckr 0.30 0.94
Microwave oven mwyv 0.29 0.93
Stovetop pressure cooker stv 0.03 0.90
Land ownership Ind 0.06 0.86
House ownership hown 0.10 0.87
Kitchen space kit 0.08 0.86
Main light source lgt 0.31 0.92
Floor material fir 0.34 0.82
Wall material wll 0.42 0.86
Roofing material rof 0.22 0.84
Main water source wat 0.29 0.94
Toilet toi 0.35 0.94
Overall 0.90




The scree plot in Figure 1 displays the number of the principal component versus its corresponding
eigenvalue. We can use the scree plot to select the number of components to use based on the size of the
eigenvalues. The ideal pattern is a steep curve, followed by a bend, and then a straight line. It’s recommended
to use the components in the steep curve before the first point that starts the line trend. The first component
is used to predict the socio-economic status for our sample. This is because the first accounts for a large
proportion while the remaining principal components account for a very small proportion of the variability
(close to zero) and are probably unimportant.

Figure 1: Scree plot of initial PCA
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Figure 2 displays the loading plot and is used to identify which variables have the largest effect on
each component. Loadings can range from -1 to 1. Loadings close to -1 or 1 indicate that the variable

strongly influences the component. Loadings close to 0 indicate that the variable has a weak influence on
the component.

Figure 2: Loading plot of initial PCA
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Based on the loading plot, the variables under consideration for exclusion are

e animals (grass cutter, chicken, rabbit, other poultry, horse)

battery (inverter)

e stove top pressure cooker

bicycle

2 Revised PCA and SES Index

From the initial PCA post estimation, I exclude variables with the smallest SMC and lowest effect on the
first component loadings. I also exclude materials used to construct wall, roof and floor of house, as they
was randomly assigned to a subset of the sample - this was the cause of the SES sample size being available
for just about 3,622 households. I re-run the PCA and subsequently exclude land ownership and house
ownership as they have a close to zero effect on the first component loadings.
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Figure 8 presents the revised SES index. The sample size here is larger, and the SES is available for 7,306
households.

Table 8: Socio-economic status
Frequency  Share

least poor 1461 20.00
less poor 1461 20.00
poor 1461 20.00
more poor 1461 20.00
very poor 1462 20.01
Total 7306 100.00

2.1 Revised PCA Post-estimation

Table 9 presents the SMC and KMO for the revised PCA post estimation. The KMO of 0.93 is marvelous
and higher than the initial KMO.

Table 9: Revise Squared Multiple Correlation and Kaiser-Meyer-Olkin

Variable Name Variable SMC KMO
Color TV tv_c 0.55 0.92
Camera cam 0.04 0.92
Motorcycle was 0.12 0.93
Generator gen 0.22 0.83
Clock clck 0.25 0.96
Mattress mat 0.48 0.94
Cupboard/wardrobe/room divider div 0.41 0.97
Radio rad 0.11 0.92
Satellite dish tvd 0.51 0.92
Table tabl 0.30 0.95
Phone phn 0.39 0.94
Fridge frd 0.43 0.96
Freezer frz 0.21 0.96
Commercial vehicle cmv 0.10 0.90
Personal car car 0.27 0.93
Fan fn 0.60 0.96
Air conditioning ac 0.19 0.88
Computer (desktop/laptop) cmp 0.31 0.95
Electric iron irn 0.47 0.96
Sewing machine sm 0.09 0.86
Store/shop /kiosk str 0.13  0.94
Electric kettle ktl 0.25 0.95
Electric pressure cooker ckr 0.18 0.75
Electric toaster tstr 0.13 0.87
Rice cooker r_ckr 0.27 0.93
Microwave oven mwv 0.29 0.92
Kitchen space kit 0.06 0.92
Main light source lgt 0.24 0.92
Main water source wat 0.25 0.93
Toilet toi 0.33 0.94
Overall 0.93
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The scree plot indicates that the first component is sufficient to compute the socio-economic status index
for our sample.

Figure 3: Scree plot of revised PCA
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The loading plot suggests that the selected variables have a stronger influence on the first component,
compared to the initial selection.

Figure 4: Loading plot of revised PCA
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3 SES by Rural-Urban, Region and Stove Type
3.1 SES by Rural-urban households and by region

Table 10: Socio-economic status by rural-urban households

Frequency  Share

rural

least poor 322 4.41

less poor 505 6.91

poor 729 9.98

more poor 988 13.52
very poor 1275 17.45
Total 3819 52.27
urban

least poor 1139 15.59
less poor 956 13.09
poor 732 10.02
more poor 473 6.47

very poor 187 2.56

Total 3487 47.73
Total

least poor 1461 20.00
less poor 1461 20.00
poor 1461 20.00
more poor 1461 20.00
very poor 1462 20.01
Total 7306 100.00

As expected, Greater Accra has the highest percentage of 'least poor’ households and the lowest percentage
of 'very poor’ households.

Table 11: Socio-economic status by region (percent)

Region least poor less poor  poor more poor very poor Total
Ahafo 4.24 5.13 4.79 6.84 3.49 4.90
Ashanti 14.92 14.03 9.86 7.26 3.90 9.99
Bono 6.43 6.23 5.34 4.72 2.87 5.12
Bono East 3.56 3.29 5.13 5.54 6.98 4.90
Central 5.89 7.94 11.36 11.02 6.16 8.47
Eastern 9.51 10.20 10.95 10.47 4.17 9.06
Greater Accra 25.19 14.58 5.82 2.81 0.55 9.79
North East 0.68 1.23 4.45 5.68 12.11 4.83
Northern 2.33 3.97 5.07 4.18 14.02 5.91
Oti 3.01 4.24 6.64 6.43 4.31 4.93
Savannah 1.85 2.26 4.52 6.78 9.17 4.91
Upper East 1.98 3.29 3.29 5.89 12.79 5.45
Upper West 2.53 3.15 3.29 5.13 9.78 4.78
Volta 4.59 5.27 6.57 6.78 4.86 5.61
Western 8.28 10.06 8.01 5.34 1.16 6.57
Western North 5.00 5.13 4.93 5.13 3.69 4.78
Total 100.00 100.00 100.00 100.00 100.00 100.00
(1461) (1461) (1461) (1461) (1462) (7306)
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3.2 SES by stove type

As expected the least poor household largely use LPG while the most poor household typically use the
3-stone cook stoves or open fires as primary cookstoves.

Figure 5: Primary stove by SES
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Table 12: Socio-economic status by primary stove

Primary Stove least poor less poor  poor  more poor very poor Total
Electric: Hotplate 0.21 0.07 0.07 0.00 0.00 0.07
Electric: Induction 0.00 0.07 0.00 0.00 0.00 0.01
Electric: Rice Cooker 0.48 0.69 0.14 0.00 0.00 0.26
Gas:(LPG)/cooking gas stove 54.30 29.03 11.56 3.70 0.90 19.99
Solid Fuel: Manufactured 0.00 0.07 0.00 0.00 0.00 0.01
Solid Fuel: Traditional (not-manufactured) 0.07 0.21 0.28 0.21 0.21 0.19
3-stone stove/open fire 15.97 27.15 47.51 65.62 87.22 48.62
Charcoal stove 28.97 42.71 40.43 30.47 11.67 30.83
Total 100.00 100.00  100.00 100.00 100.00 100.00
(1453) (1440) (1427) (1434) (1440) (7194)
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In figure 6 all socio-economic groups use charcoal as secondary stove. However the least poor tend to

have charcoal stoves as secondary stoves compared to other SES groups.

Figure 6: Secondary stove by SES
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Table 13: Socio-economic status by secondary stove

Sec Stove least poor less poor  poor more poor very poor Total
Electric: Hotplate 0.00 0.34 0.21 0.00 0.00 0.11
Electric: Rice Cooker 6.08 2.18 0.21 0.26 0.00 2.56
Gas:(LPG)/cooking gas stove 20.55 24.20 13.12 8.01 1.85 15.92
Solid Fuel: Traditional (not-manufactured) 0.34 0.34 0.00 0.00 0.31 0.23
3-stone stove/open fire 7.12 12.10 18.33 17.57 11.73 12.34
Charcoal stove 65.90 60.84 68.12 74.16 86.11 68.84
Total 100.00 100.00  100.00 100.00 100.00 100.00
(871) (595) (480) (387) (324) (2657)
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4 Nomalizing the wealth scores

The range of wealth index score (pl) was -3.8 to +43.9 with median of -0.5. As negative wealth index scores
are intuitively difficult to comprehend, we planned a modified score list such that the lowest score is +1. So,
we added +4.8 (+3.8 +1) to pl values for transformation. Thus, we created a modified wealth index score
(mod_sc) with range of +1 to +48.7 and median value of +4.3
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