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Abstract: Many believe good government to be essential for a nation’s progress, but, in fact, gov-
ernance is a multidimensional concept with uncertain implications for economic development and
global sustainability. The World Bank has tracked six country-level Worldwide Governance Indicators
since 1996. Statistical regression analysis across 150 countries identified two of these indicators, Gov-
ernment Effectiveness and Regulatory Quality, that consistently help to explain changes in economic
growth and CO; emissions. The regression results provided the evidence needed to incorporate the
effects of governance in an existing climate-population simulation model. Policy testing of the revised
model led to findings about what improved governance can and cannot do. The testing suggested
that the best combination of such improvements could boost progress on emissions reduction without
hindering economic development—but not enough to strongly mitigate climate change. Achieving
the double goal of economic development and strong climate change mitigation would thus require
some kind of extra effort that does not fall under the usual definitions of good national governance.

Keywords: governance; climate change; emissions; economic growth; statistical regression; global
modeling; simulation; system dynamics

1. Introduction

It is widely accepted that good government is a cornerstone of national and global
progress. Goal 16 of the UN’s 17 Sustainable Development Goals (SDG) proclaims the
importance of effective governance, including promoting the rule of law, ensuring equal
access to justice for all, reducing corruption and bribery, and ensuring responsive, inclusive,
participatory, and representative decision-making at all levels [1].

Indeed, the World Bank has long maintained that all six of its Worldwide Governance
Indicators (WGI, listed in Table 1 and tracked country by country since 1996 [2]) are strongly
related to faster or better national development [3,4]. However, some analyses call this
claim into question as a general proposition—finding, for example, that governance has
effects that differ by region, with Asia behaving differently than other regions [5-7].

Some observers are quite enthusiastic about the potential of good government, saying
that it not only speeds economic growth but also could be the key to addressing climate
change [8]. One causal-loop analysis finds that good governance may be among the most
important SDGs for global sustainability [9]. Similarly, a qualitative cross-impact analysis
finds that effective governance can support progress toward many of the other SDGs:
reducing poverty and inequality while improving health, sanitation, public infrastructure,
natural resource protection, and climate change mitigation and adaptation [10].

But these are qualitative analyses, and, when it comes to climate change, they beg a
fundamental quantitative question. Can something that promotes economic growth also
drive down the emissions intensity of GDP (i.e., kilograms of CO;-equivalent emissions
per dollar of GDP) enough to yield a net reduction in greenhouse gas (GHG) emissions?

Economic growth to date has in fact reduced GHG emissions intensity, through greater
use of energy efficient technologies (including electrification), but not nearly enough to

Systems 2022, 10, 37. https:/ /doi.org/10.3390/systems10020037

https:/ /www.mdpi.com/journal/systems


https://doi.org/10.3390/systems10020037
https://doi.org/10.3390/systems10020037
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/systems
https://www.mdpi.com
https://orcid.org/0000-0003-3690-9892
https://doi.org/10.3390/systems10020037
https://www.mdpi.com/journal/systems
https://www.mdpi.com/article/10.3390/systems10020037?type=check_update&version=2

Systems 2022, 10, 37

20f11

reduce overall emissions [11,12]. As a result, global emissions have continued to rise. Could
much better governance change this equation and get us out of the awful bind in which
economic development is both friend and existential enemy?

Table 1. The six Worldwide Governance Indicators (adapted from [2]).

Ability of citizens to select their government, plus

1. Voice and Accountability freedom of expression, freedom of association, and a
free media.
2 Political Stability and Absence Likelihood of political instability and/or politically

of Violence and Terrorism motivated violence, including terrorism.

Quality of public and civil services (and their
independence from political pressures), plus quality of

5 Government Effectiveness government policy process and credibility of
government commitment to such policy.
4 Regulatory Quality Formulation and implementation of sound policies

and regulations affecting private sector development.

Quality of contract enforcement, property rights, the
5. Rule of Law police, and the courts, plus the likelihood of crime
and violence.

Minimizing use of public power for private gain, plus
6. Control of Corruption avoiding capture of the state by elites and
private interests.

2. Materials and Methods

This paper is intended to at least make a start on answering this question. The approach
was to start with a relatively compact model of climate, population, and economy [13] and
to incorporate key governance variables (selected from the World Bank’s WGI) based on
statistical analysis across 150 countries and over more than 20 years.

This statistical analysis should be seen as a kind of “partial-model testing”, in which
one examines the ability of a proposed structure (even one as small as a single equation) to
produce historically accurate outputs when subjected to historical inputs. Partial-model
testing, using model components as small as the input and output evidence will allow,
has been established as a valid way of selecting and conducting initial calibration (with
the possibility of later fine-tuning) of pieces of structure for inclusion in a larger system
dynamics simulation model [14,15].

After ensuring that the revised model provided a good fit to historical data and
published projections, a number of policy tests were performed. The primary goal of
this testing was to determine whether improvements in the governance variables could
by themselves reduce emissions enough to strongly reduce climate change by 2060, but
without harming economic growth.

This use of data analysis and modeling to examine the impact of governance on
climate change and global economic development is a novel approach. Other system
dynamics models addressing the Sustainable Development Goals do include governance,
but primarily for its ability to boost public spending overall, rather than its specific ability
to reduce greenhouse gas emissions [16,17].

3. Results
3.1. Data
World Bank data were gathered on the more than 150 countries with 2020 population
of one million or more, encompassing more than 97% of the global population. These data
included:
e  The six World Governance Indicators (19962020 annual except 1997 and 1999 [2]),
originally reported on a scale of —2.5 to 2.5, converted to 0 to 1 indices;
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GDP per capita (GDPPC) in constant U.S. dollars (1990-2019 annual), from which
annual GDPPC growth rate (GDPPCGR) was also calculated, as well as the natural
logarithm of GDPPC; and

CO; emissions per capita in metric tons (1991-2018 annual), from which CO, inten-
sity of GDP (kilograms per dollar) was also calculated by dividing by GDPPC and
multiplying by 1000.

The WGI data show that countries may do better in some areas of governance than

others. Table 2 presents rankings for the 2015-2020 period for the 15 most populous
countries in the world, from 1 (best) to 150 (worst). China gets generally middling scores
but does better on Government Effectiveness and much worse on Voice & Voting. India
performs similarly to China on four of the six metrics but is much better on Voice & Voting
and worse on Stability & Non-Violence. The U.S. and Japan rank very well, though the U.S.
slips lower on Stability & Non-Violence. Indonesia, Mexico, Philippines, and Vietnam get
generally middling scores, while Russia, Ethiopia, and Egypt get generally poor scores, but
with exceptions for some metrics.

Table 2. Governance rankings (N = 150, ranking of 1 is best, 150 is worst) for the world’s 15 most

populous countries as of 2015-2020.

WGI Ranking for 2015-2020 (N = 150)

Voice and Stability and Government Regulatory Rule of Law Control of

Voting Non-Violence Effectiveness Quality Corruption
China 142 85 42 80 73 66
India 50 121 52 85 58 69
United States 23 46 16 17 15 20
Indonesia 60 98 60 74 78 76
Pakistan 107 147 105 109 108 114
Brazil 48 94 84 81 68 77
Nigeria 91 143 131 125 122 131
Bangladesh 101 128 119 124 104 122
Russia 119 113 71 99 113 120
Japan 26 6 11 18 16 16
Mexico 70 114 70 56 97 111
Ethiopia 129 136 106 132 91 81
Philippines 65 126 64 70 88 87
Egypt 130 134 99 121 94 99
Vietnam 137 55 63 90 60 83

Consider also global trends over time:

e WGI: On a population-weighted basis across 150 countries, most of the WGI indicators
either stayed about the same from 1996 to 2020 or slipped slightly. The worst of these
was Stability & Peace, which slipped by 10% in the early 2000s and has remained at
this lower level since then. Only Government Effectiveness has improved a bit, by
about 6% over the 24-year period.

e  GDPPC and GDPPCGR: Global average real GDP per capita grew by about 60% from

1990 to 2020. The annual growth rate has been erratic but generally increased from the
1990s (rising from 0% to 3% per year) to the 2000s (mostly about 3% per year), then
declining in the 2010s (mostly 1.5% to 2% per year). The decline may reflect what has
been described as the convergence effect [18], in which a country’s economic growth
typically slows as its GDPPC climbs to middle or higher income. “Unified growth
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theory” suggests that convergence across all economies will take place in the long
run [19].

e  CO; intensity of GDP: This metric declined steadily throughout 1991-2018, from
0.55 kg/USD2015 in the early 1990s down to 0.42 in the late 2010s, a rate of about 1%
per year.

3.2. Statistical Analysis

For purposes of statistical analysis, the gathered data were averaged across five 5-year
time periods: 1995-2000, 2000-2005, 20052010, 2010-2015, and 2015-2020. The 1995-2000
period was designated as the baseline period, and differences against the baseline were
calculated for each of the four subsequent 5-year periods. A series of linear regressions were
performed to test the following hypotheses for possible inclusion in the simulation model:

Hypothesis 1 (H1). Improvements in good governance boost GDPPC growth, after controlling for
the convergence (reducing) effect of increased GDPPC.

Hypothesis 2 (H2). Improvements in good governance reduce CO; intensity of GDP, after
controlling for the efficient technologies effect of increased GDPPC.

Hypothesis 3 (H3). Increases in GDPPC lead to improvements in good governance. This is
suggested, for example, by a qualitative analysis that found lower poverty and unemployment to
be moderate boosters of good governance [10], perhaps reflecting greater citizen involvement and
reduced social unrest.

Regressions were performed for each time period separately, hoping to find strong
associations that are consistent across most or all of the time periods. Insignificant factors
(with higher p-values) were winnowed sequentially to maximize adjusted R-squared. Key
results of the regression analysis are shown in Table 3 and may be summarized as follows:

e H1 (for GDPPCGR) was tested initially by including In(GDPPC) plus all six of the
WGI. After winnowing, the strongest equation included In(GDPPC) with a negative
coefficient (thus confirming the convergence effect), Government Effectiveness (GE)
with a positive coefficient, and Regulatory Quality (RQ) with a negative coefficient.
None of the other four WGI proved significant. H1 is thus partially supported (GE
boosts GDPPCGR after controlling for convergence), but we also encounter a surprise
(RQ suppresses GDPPCGR).

e Like H1, testing for H2 (for CO; intensity) initially included In(GDPPC) plus all six
of the WGI. After winnowing, the strongest equation included In(GDPPC) with a
negative coefficient (thus confirming the efficient technologies effect), as well as RQ
with a negative coefficient. None of the other five WGI proved significant. H2 is thus
supported, with Regulatory Quality revealed as the one aspect of governance in the
WGI that predictably reduces CO, intensity.

o  Testing of H3 indicates that In(GDPPC) is indeed a significant factor (with small
p-values) positively affecting both GE and RQ. (Similar results were found for the
other four WGI, but these results are irrelevant in light of the H1 and H2 results, which
suggested that only GE and RQ should be included in the extended simulation model.)

An observation may be helpful before moving on to discuss the model revision.
Although the WGI variables are described officially (Table 1) in a way that may seem
entirely positive and supportive of development, the statistical analysis here suggests that
the metrics are in fact defined in a way that (a) concentrates in Government Effectiveness
the economy-boosting aspects of government, and (b) concentrates in Regulatory Quality
those aspects of government that lead to greater energy efficiency but at some cost to
economic growth.
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Table 3. Statistical regression results across many countries (N = 150 or N = 147). by 5-year time
period, based on variables expressed as changes since 1995-2000. (ns = not significant and not present

in best regression equation).

Regressions Maximizing Adjusted R-Squared:
Coefficients (1st Row) and p-Values (2nd Row)

Time Period: 2000-05 2005-10 2010-15 2015-20

(H1) Y: GDPPC growth rate (N = 150)

X1: In GDPPC —0.091 —0.070 —0.069 —0.042
p-value 1x107% 2 x107% 4 x 1070 0.004

X2: Govt Effectiveness - 0.206 0.176 0.118
p-value ns 0.014 0.039 0.189

X3: Reg Quality - -0.171 -0.152 —0.141
p-value ns 0.032 0.049 0.074

(H2) Y: CO; intensity of GDP (N = 147)

X1: In GDPPC —0.600 —0.681 —0.648 —0.508
p-value 2x 1077 5x 10710 4x107% 5 x 107%

X2: Reg Quality —0.438 —0.763 —0.625 —0.940
p-value 0.227 0.070 0.166 0.050

(H3) Y: Govt Effectiveness (N = 150)

X: In GDPPC 0.047 0.047 0.069 0.106
p-value 0.020 0.013 1 x 1070 1x107%

(H3) Y: Regulatory Quality (N = 150)

X: In GDPPC 0.058 0.065 0.061 0.081
p-value 0.019 0.001 0.001 8 x 107%

3.3. Model Revision and Base Run Results

The statistical analysis above suggests formulation enhancements for two elements of
the original climate-population model [13]—namely, the GDPPC growth rate and the CO;-
equivalent emissions intensity of GDP. It also suggests how the new variables, Government
Effectiveness and Regulatory Quality, might be formulated. These model changes may be
seen diagrammatically in Figure 1, which gives an overview of the entire revised model
(implemented using Vensim™ Professional x64 version 8.2.1).
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Figure 1. Simulation model logic. Thicker arrows indicate revised structure since [13]. Blue arrows
indicate positive link polarity; red arrows negative. “B” feedback loops are balancing; “R” are reinforcing.
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The revised and new equations are shown in Table 4. Graphs from the revised model’s

base run are shown in Figure 2 (GDPPCGR and GDPPC compared with the original model)
and Figure 3 (GE and RQ compared with WGI data 1996-2020). Estimation of the equations
(and the resulting outputs) may be described as follows:

Equation (1) (GDPPC growth rate): Coefficients for In(GDDPC), GE, and RQ were
adjusted (within ranges suggested by regression H1 in Table 3) to maintain a good fit
to baseline projections for global GDPPC [20] through the 2020s and 2030s (Figure 2).
The new base run produces a more realistic convergent glide path (blue line; compared
with original model red line), with the growth rate declining to 0.2%/year by 2060,
similar to that of higher-income countries today. Lower GDPPC in the revised model
during 2040-2060 leads, in turn, to lower average life expectancy in 2060 (75.8 vs.
78.1 years). There is virtually no effect on the projection of total population (10.15 vs.
10.14 billion in 2060) because the lower life expectancy is fully offset by a higher birth
rate due to lower GDPPC. (For more detail on the projected impacts of changes in
GDPPC on life expectancy, birth rate, and total population, see [13]).

Equations (2) to (4) (Energy CO, intensity, Non-energy CO; intensity, Other GHG CO;-
equivalent intensity): Coefficients for In(GDPPC) and RQ were adjusted (as guided
by regression H2 in Table 3) to maintain a good fit to baseline projections for these
emissions intensities through the 2020s and 2030s (and for CO,e emissions overall)
from the En-ROADS model [21]. Beyond 2040, CO,e emissions in the revised model
dip slightly below those in the original model, ending in 2060 at 90.4 gigatons per year
(revised) compared with 94.1 (original). The impact on projected climate change is
very small: temperature above preindustrial (hereafter “temperature delta” in degrees
centigrade) in 2060 is 2.54 °C (revised) compared with 2.57 °C (original).

Equations (5) and (6) (Government Effectiveness, Regulatory Quality): Coefficients for
In(GDPPC) were adjusted (within ranges suggested by regressions H3 in Table 3) to
produce good fits to population-weighted global averages for GE and RQ from 1996 to
2020 (Figure 3). These coefficients are relatively small, so that, although global GDPPC
rose by 60% from 1990 to 2020 and in the base run rises another 53% from 2020 to 2060,
global GE rises only from 0.48 to 0.52 to 0.55, and global RQ only from 0.46 to 0.49 to
0.51. One may see this same sort of sluggish improvement in GE and RQ at the level of
individual countries historically; for example, while India’s GDPPC grew more than
threefold from the early 1990s to 2020, its GE grew only from 0.48 to 0.54 and its RQ
from 0.42 to 0.45.

Table 4. Six revised or new equations in the model, based on regression results and adjustment for fit

to analyst projections (Equations (1)—(4)) and historical data (Equations (5) and (6)).

GDPPC growth rate post-2017 = 0.04 — (In GDPPC ratio to 1990 x 0.04) + (Govt
effectiveness delta vs. 1990 x 0.18) — (Regulatory quality delta vs. 1990 x 0.15) — @

(Temperature delta vs. 2017 x 0.005)

Energy CO, intensity of GDP post-2017 = 0.412 x (1 — In GDPPC ratio to 2017 x

0.45) (1 — Regulatory quality delta vs. 1990 x 0.45) @

Nonenergy CO, intensity of GDP post-2017 = 0.092 x (1 — In GDPPC ratio to 2017 3)
x 0.90) (1 — Regulatory quality delta vs. 1990 x 0.90)

Other GHG COze intensity of GDP post-2017 = 0.194 x (1 — In GDPPC ratio to 2017 @)
x 0.45) (1 — Regulatory quality delta vs. 1990 * 0.45)

Govt effectiveness = 0.48 + (In GDPPC ratio to 1990 x 0.08) (5)

Regulatory quality = 0.46 + (In GDPPC ratio to 1990 x 0.05) 6)
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Figure 2. Original (red) and revised (blue) base run results 1990-2060 for world average (a) GDP per
capita growth rate (1/year) and (b) GDP per capita (2010 USD/person/year).
Govt effectiveness vs World Bank Regulatory quality vs World Bank
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Figure 3. Base run output 1990-2060 (blue) and world average calculated from WGI data 1996-2020
(red) for (a) Government Effectiveness (0-1) and (b) Regulatory Quality (0-1).

3.4. Policy Testing

Hypothetical policy tests were performed to determine whether strong improvement
in Regulatory Quality, balanced by strong improvement in Government Effectiveness,
could, in theory, (a) reduce emissions enough to significantly reduce the temperature delta
(from its baseline 2.54 °C above in 2060 down to about 2.0 °C) but (b) without harming
global economic development (and thus, life expectancy, which in the base run reaches
75.8 years by 2060). If even very strong governance improvements by themselves cannot
accomplish this double goal, then how much more action on emissions reductions (i.e.,
beyond strong regulations) must be undertaken to get the temperature delta down to about
2.0 °C by 20607

Figure 4 presents the results (for six model variables) of a representative layered
sequence of simulations. First comes the base run (blue line). Second, RQ is ramped up by
60% from 2020 to 2030 (red line). Third, in addition to the RQ ramp-up, GE is ramped up
by 45% from 2020 to 2030 (green line). Fourth, in addition to the RQ and GE ramp-ups, the
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three GHG emissions intensities are ramped down gradually by an additional 40% from
2020 to 2060 (grey line).

Govt effectiveness

1.0
34
0.75
1
—r
0.5
2
0.25
0
1990 2000 2010 2020 2030 2040 2050 2060
(a)
GDP per capita
24,000
= 18,000 1
= 34
Z
212,000
2
z 2
& 6000
0
1990 2000 2010 2020 2030 2040 2050 2060
(c)
Temperature vs preindustrial
3.0
25 1
20
O 24
§ 1.5
oD
2
1.0
0.5
0
1990 2000 2010 2020 2030 2040 2050 2060
(e)

Regulatory quality
1.0
34
0.75 2
1
0.5
0.25
0
1990 2000 2010 2020 2030 2040 2050 2060
(b)
CO2e emissions total
100
1
_ 75 3
-~
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Life expectancy
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£ 170 /( 2
.
60
50
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Figure 4. Layered policy testing results: 1-Blue: base run; 2-Red: boost Regulatory Quality 60%

by 2030; 3-Green: also boost Government Effectiveness 45% by 2030; 4-Grey: also ramp emissions
intensity of GDP down an additional 40% by 2060. For six output variables 1990-2060: (a) Govern-
ment Effectiveness (0-1), (b) Regulatory Quality (0-1), (c) GDP per capita (2010 USD/person/year),
(d) CO,e emissions (gigatons/year), (e) temperature delta (°C), (f) life expectancy (years).
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Start with the boost in Regulatory Quality (red line). This boost does reduce emissions
by 48%, but it also acts as a major restraint on economic growth (GDPPC is reduced 57%
vs. the base run by 2060). Reduced GDPPC, in turn, hurts life expectancy (reduced from
75.8 to 72.5 years in 2060), as well as GE (reduced from 0.55 to 0.48) and even RQ itself (the
60% boost in 2030 is eroded to a 44% boost by 2060). Although the RQ boost is somewhat
eroded, CO,e emissions are reduced by nearly 50%, and the temperature delta in 2060 is
reduced to 2.02 °C. Thus, climate change is mitigated as desired, but at the cost of severe
economic decline and concomitant decline in life expectancy.

Adding in a 45% boost in Government Effectiveness (green line) is sufficient to offset
the economic harm done by tightened regulations. GDPPC loses only 2% against the
base run through 2060, life expectancy reaches 75.7, and there is no erosion in GE or
RQ. However, having restored GDPPC growth, COje emissions are now reduced only
16% rather than 48%, and the temperature delta ends at 2.30 °C (44% of the way from
2.54 °C to 2.0). Thus, it appears that a balanced policy of governance improvements that
maintains growth in the economy (and life expectancy) is not capable by itself of bringing
the temperature delta down to the goal of 2.0 °C, although it does result in good progress
toward that goal.

All policy tests combining various improvement ramps for GE and RQ lead to this
same finding that governance improvement by itself cannot accomplish the double goal. It
is necessary to layer in an additional policy targeting emissions specifically, presumably
in ways that are non-regulatory and thus neutral with respect to economic growth. In the
last run (grey line), layering in an additional 40% reduction in GHG emissions intensities
by 2060 does achieve the double goal. CO,e emissions now assume a steep downward
trajectory like that seen in the RQ-only test (red line), and temperature delta is reduced to
2.01 °C by 2060.

4. Discussion

Regression analysis of World Bank data on some 150 countries from the 1990s to
2020 made it possible to identify two Worldwide Governance Indicators, Government
Effectiveness and Regulatory Quality, that help to explain changes in global-level changes
in economic growth and CO, emissions. GE was found to stimulate growth in GDP
per capita, while RQ was found to reduce the emissions intensity of GDP but to hinder
economic growth. The regression results provide the evidence needed to incorporate the
effects of governance (as well as the convergence effect of growing GDPPC) in an existing
climate-population simulation model.

Policy testing of the revised model led to findings about what improvements in gover-
nance can and cannot do. First, the current global pace of progress in GE and RQ (in the base
run) is slow and should not be expected to give much support to economic development
or climate change mitigation through 2060. Second, a commitment to tighter regulations
by itself could greatly reduce emissions but risks economic decline (and thus, a reversal
of global progress on life expectancy). Third, a commitment to both tighter regulations
and more effective government (e.g., guiding robust infrastructure development, with
proper vetting and oversight of government-funded contractors) could permit progress on
emissions intensity reduction while avoiding economic decline. However, fourth, even the
best combination of improvements in GE and RQ is not able to make enough progress on
emissions reduction to bring the 2060 temperature delta down to 2.0 °C as desired (without
hindering economic development).

Achieving the double goal of economic development and climate change mitigation
would thus require some kind of non-regulatory extra effort that does not fall under the
usual definitions of good governance. Much of this extra effort may need to occur through
global accords (e.g., incentivizing green technology diffusion) leading to a “green growth
paradigm” [22].

The present analysis does, of course, face the usual limitations of any data analysis
and modeling of a complex phenomenon. For example, the linear regressions were carried
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out across 150 countries without stratification and may have missed nonlinear effects that
depend on a country’s starting GDPPC. If, say, the positive effects of GE and RQ remain
strong at higher GDPPC, while the negative effect of RQ diminishes, one might reach a
rosier conclusion about the ability of good governance alone to achieve (or come close to
achieving) the double goal. A stratified data analysis might, therefore, be a good next step.
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