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As a party to the Paris Agreement, Saudi Arabia submitted a baseline emissions reduction
target as part of its nationally determined contribution.

However, Saudi Arabia’s quantitative baseline scenario is not publicly available.

Therefore, we use two different econometric methods within a univariate framework to
generate baseline emissions forecasts for Saudi Arabia.

In doing so, we extend current drivers, trends and policies into the future without making
assumptions about certain factors, such as economic growth, in the coming decades.
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» To inform climate policymaking by projecting Saudi Arabia’s baseline CO2 emissions.
» We use two different econometric methods: the STSM and Autometrics

» Using two different methods provides a robustness check, as each method has strengths and
weaknesses

» Make forecasts until 2060

» Forecast combination as an “insurance policy.”
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» Kone and Biike (2010), 25 top emitters, including KSA. Makes forecasts until 2030.
» Alshammari (2020). Makes forecasts until 2050.

» Energy Policy Simulator (EPS; KAPSARC 2022), 2050.

» Climate Action Tracker (2022). It provides projections up to 2030.




Methodology

General to Specific (Gets)
Modeling Approach

)

Structural Time Series

Autometrics - Multipath Modeling (STSM) ‘
block-search Machine- Approach
learning algorithm

J




€Oz, = intercept + @1C0p, | +@3C0p, , + @3C02, _, + @yCO9, , + random error term. (1)

J How is the trend modeled?
(J How are interventions modeled?
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Autometrics

coy, = ag + aycoy,_, +azcoy,_, + azcoy,_, +ayco,, , + 2570 1IS, + X1 1; SIS, + X7 @; DIIS, +

21 w; TIS, + &. (A1)

Here,
IIS; =impulse-indicator saturation, which takes a value of one at time t and a value of zero
otherwise;
SIS, = step-indicator saturation, which takes a value of one until time t and a value of zero
otherwise;

DIIS, =differenced impulse-indicator saturation, which takes a value of one at time t, a value of -
1 at time t+1 and a value of zero otherwise;
TIS;  =trend-indicator saturation, which takes a value of zero after time t+1, a value of -1 at time
t, a value of -2 at time t-1, a value of -3 at time t-2 and so forth.

a;, 9, T;, Q;, w; are regression coefficients to be estimated, and & is a random error term

with &,~ NID (0, 02).
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Structural Time Series Model

CO;, = Vi + @3C05, | + AxC05, 5 + A3C05, 5 + XyCOy, , + &. (A2)

Here, ¥, is the stochastic trend, which is also interpreted as a time-varying intercept, and &; is a
random error term with £,~ NID (0, ¢2).

The stochastic trend consists of a level y, and a slope 8, which are defined as follows:

My =g+ Brq + 1y, (A3)

Be = Br—1 T & (A4)

Here, 9.~ NID (0, 0,7) and &~ NID (0, Jg‘) are mutually uncorrelated random disturbance terms. If
the variance of either n; or ¢; is zero, then that component of the trend is deterministic. If both

hyperparameters are zero, then the stochastic trend collapses into a deterministic trend.
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Data, CO2 Emissions, Mt

The time series data on emissions for Saudi Arabia is from Enerdata (2022). Sample 1984-20

We model total CO2 emissions, excluding those associated with land use, land use change
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Autometrics Results

cop, = 0.1421" + 1.2878" "co,,_, — 0.3079" coy,_, — 0.1857"7"11S;9g4,

STSM Results

€oy, = ¥, +0.5803" co,y,_;, — 0.6591" " co3,_,.
The estimated trend (y;) is given by

Ve = fiy —0.0787 " Lvligg; — 0.0638" " I171959 + 0.0882" " Lvlyg9; + 0.0711" " Irryg96 + 0.0163"Slp,, +

0.0300" Irry919 — 0.0525 ' Slp,, .. (3.2)
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Estimated slope () and level (i) of the preferred STSM specification

A: Slope component of the estimated trend
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B: Level component of the estimated trend
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Forecast Results
Total CO2 emissions (in Mt)

»Source: Authors’ calculations.

Year Autometrics STSM Average »Note: Values reflect historical
1984 136.2 136.2 136.2 data up to 2019 and projections
1990 176.5 176.5 176.5 after that.
2000 257.3 257.3 257.3
2010 455.7 455.7 455.7
2019 540.4 540.4 540.4
2025 611.8 595.1 603.4
2030 670.8 632.2 651.2
2035 726.1 680.1 702.8
2040 777.5 726.5 751.6
2050 867.5 831.0 849.0

2060 940.9 947.9 944.4




Forecast Results
Total historical CO2 emissions (2010-2019) and projections (2020-2060) in Mt
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This study provides a robust baseline projection for Saudi Arabia’s CO2
emissions.

651 Mt (522 to 817) by 2030, the target year of Saudi Arabia’s NDC, in a
baseline scenario.

944 Mt by (585 to ) 2060, the year in which Saudi Arabia aims to achieve net-
Zero emissions.
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Preferred Autometrics specification

Time period 1984-2019

Estimated coefficients Residual diagnostics
g 0.1421*% AR[1-2) 0.76
oy 1.2878*** ARCH (1-1) 0.23
(e -0.2079** Normality 2.75
s - Hetero 0.69
fy - Hetero-X 0.54

Interventions/indicotor RESET 2.00

Impulse 1984 -0.1857%*=

Goodness of fit
R: 0.935
R= 0.994
F 2107

Source:Notes: *, ** and *** represent significance at the 10%, 5% and 1% levels, respectiv..y.
RZ is the coefficient of determination, and R? is the adjusted coefficient of determination. Fis
the overall goodness-of-fit statistic and follows an F3 25 distribution. AR{1-2) is the second-order
autocorrelation statistic, which follows an Fz, 0 distribution. ARCH (1-1) is the first-order
autoregressive conditional heteroskedasticity statistic, which follows an F;y, 54 distribution.

Page 26 of 33

Mormality is reflected by the Doornik and Hansen statistic, which follows an approximate xé)
distribution. Hetero and hetero-x are heteroscedastic statistics that follow Fi, z20p and Fis, 25

distributions, respectively. RESET is the Ramsey RESET statistic, which follows an Fz, 30
distribution.
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Preferred STSM specification

Time period 1984 to 2019

Estimated coefficients Residual diagnostics
@y 0.5803%** Normality 0.66
(s - H(8) 4.46
s -0.6591%** r(1) -0.12
Gy - r2) -0.02

Interventions r3) 0.13
Level 1987 -0.0787F== (&) 0.03
Irregular 1589 -0.0638*** ow 2.16
Level 1591 0.0882%** afe,4) 1.85
Irreqular 1596 0.0711%** Auxiliary residuals:
Slope 2001 0.0163* Normality - Irregular 0.64
Irregular 2010 0.0300** Normality - Level 0.84
Slope 2015 -0.0525%** Normality - Slope 1.03

Trend components Fixed level Prediction failure 11.08

Stochastic slope

Goodness of fit
p.e.v. 0.00023634
AlC -7.6836
BiC -7 1557
R* 0.9959
R 0.881

Source:Notes: *, ** and *** represent significance at the 10%, 5% and 1% levels, respectively. R®
is the coefficient of determination, and R.? is the coefficient of determination based on
differences. p.e.v. is the prediction error variance. A/C is the Akaike information criterion, and
BIC is the Bayesian information criterion. Normality is determined based on the Bowman-
Shenton statistic, which follows an approximate XEZ} distribution. H{8) is a heteroscedasticity
statistic that follows an Fis 5 distribution. r(1), r(2), r(3) and r{6) are the serial correlation
coefficients at the equivalent residual lags and are approximately normally distributed. DW is
the Durbin-Watson statistic. Q(6,4) is the Box-Ljung statistic, which follows a 134} distribution.

The prediction failure is a predictive failure statistic that follows a XEZ?] distribution.
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