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Executive Summary

This briefing and accompanying technical annex examines the independent effects of fuel price levels and
volatility on world trade volume growth, using 314 monthly observations from the CPB World Trade Monitor
spanning January 2000 to February 2026. The analysis is motivated by the blockade of the Strait of Hormuz
and its effect on oil prices and builds upon the heavily cited research of Chen and Hsu (2012), who established
that oil price volatility reduces international trade. The present study extends that work in three respects: it
uses more recent and higher-frequency data; it explicitly separates the fuel price volatility effect from the level
effect; and it applies a two-stage estimation procedure that purges an industrial production control of its
energy-price component, thereby isolating the independent contribution of each fuel variable.

Data on fuel prices and world trade volumes for this century show that both the level and the volatility of
energy prices affect world trade growth. But it is the volatility, not the price level itself, that carries the more
robust and persistent independent effect. The central finding is that a 10 per cent sustained rise in fuel price
volatility is associated with world trade volume growth that is 0.07 percentage points slower over a near-term
(six-month) horizon. However, the drag on world trade growth rises to 0.24 percentage points after 19-
months, suggesting any increase in current fuel price volatility would not be fully felt until 2027. Africa and
the Middle East face the largest fuel price volatility drag on export volume (at more than four times the world
average) while the United Kingdom shows no statistically detectable effect. Two scenarios based on
episodes this century are developed. Eight policy-relevant observations arising from an extended Gulf Conflict
are made in section 7 of the brief that follows.
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POLICY BRIEF

1. The Gulf Conflict and World Trade: Two Questions Asked Here

At the Financial Times Commodities Global Summit in Lausanne on 22 April 2026, the Chief Financial Officer
of Gunvor stated: “We have been preparing for a long war scenario.” His counterpart at Trafigura said the
company had become focused on being “anti-fragile” and now had “higher liquidity” than before the conflict
began. Qil prices had briefly touched 120 US dollars per barrel following the blockade of the Strait of Hormuz.
As of this writing, the Strait remains essentially closed. These statements reflect a recognition that the world
economy faces not merely a price spike, but a period of sustained energy price uncertainty.

This paper addresses two related questions. First, when energy prices rise to persistently high levels, does
world trade suffer independently of what is happening to the broader economy? Second, when energy prices
become volatile —swinging unpredictably rather than simply rising—does world trade suffer an additional,
independent drag beyond what the price level alone would imply?

These questions have a prior answer in peer-reviewed research. Chen and Hsu (2012) used annual data for
84 countries from 1984 to 2008 and established that oil price volatility discourages international trade. That
empirical result directly motivates the present analysis,? which in some respects can be viewed as an update.
This study uses the most recent monthly trade volume data available, covering 314 observations from 2000
through to February 2026. It also separates the level effect from the volatility effect and it covers three major
energy crises that postdate their sample: the Shale revolution, the COVID collapse and rebound, and the
energy shock associated with the ongoing conflict in Ukraine. Results are presented here for world trade
volumes overall and for major economies and regions, the latter allowing for heterogeneous effects of fuel
prices on export volumes. This analysis is confined to goods trade growth.3

The remainder of this brief is organised as follows. Section 2 describes the two datasets on which the
analysis rests —the CPB World Trade Monitor and the HWWI Fuels index—and explains the construction of
the two energy price variables and the estimation approach. Section 3 presents the central empirical finding:
that the level and the volatility of energy prices have distinct and in some respects opposing effects on world
trade growth, with the volatility effect proving the more robust of the two. Section 4 quantifies the world trade
impact over horizons from six to 24 months and relates the findings in relation to the prior literature.

Section 5 examines differences across major economies and regions, showing that export volume sensitivity
to fuel price volatility varies by a factor of roughly twelve to one across the 14 geographies studied, with
exports from Africa and the Middle East being the most sensitive. Section 6 applies the estimated
relationships to the current Gulf conflict, projecting the implied drag on the growth of world trade and regional
export volumes under two scenarios that differ in the severity of the energy price volatility shock. Section 7
offers eight points of interpretation relevant in the event of an extended Gulf conflict.

2. Data and Approach

Trade volume data were taken from the CPB World Trade Monitor, published monthly by the CPB Netherlands
Bureau for Economic Policy Analysis. The monitor covers 81 countries and approximately 96 per cent of
world merchandise trade, and it is seasonally adjusted with base year 2021 set equal to 100. Export volumes
are available for 14 regions and major economies. Monthly data is available from January 2000 to February
2026; the timeframe considered in this analysis.

Energy prices in the World Trade Monitor are taken from the Hamburg Institute of International Economics
(HWWI) Fuels index, a Laspeyres price index covering crude oil, coal, and natural gas, weighted by the relative

2 Chen and Hsu's paper has been cited 130 times.
3 Data constraints preclude examining the effects on services trade and cross-border digitally delivered services.

Find further timely analyses on
globaltradealert.org/reports 2 of 27


https://www.globaltradealert.org/reports

importance of these commodities in the imports of highly industrialised countries.* The index dates to the
1950s and was revised most recently in 2023 (Berlemann, Eurich and Meyer, 2023).

Two distinct energy price variables enter the analysis. The first is the fuel price level: the log of the HWWI
Fuels index at the end of the forward window, capturing whether energy is expensive over the time horizon
being estimated. The second is fuel price volatility: a 12-month backward rolling standard deviation of
monthly log fuel price changes, capturing how much energy prices have been gyrating in the recent past.

The relationship is estimated between these two fuel price-related variables and trade volume growth across
forward horizons ranging from six to 24 months.® Industrial production growth is included as a control, given
that it is a plausible driver of trade. However, since industrial production (IP) could itself be affected by both
fuel variables, the analysis first strips out that component of IP variation that is attributable to fuel conditions
before using it as a control. This two-stage purging procedure ensures that the estimated coefficients on the
volatility and level variables reflect genuinely independent effects.

Figure 1: Fuel Price Volatility and World Trade Volume Growth
Monthly, January 2001 - February 2026
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Figure 1: Fuel price volatility (red, left axis) and world trade volume growth over the subsequent 19 months®
(blue, right axis), January 2007 to February 2026. Dashed lines mark the GFC, COVID, Ukraine, and Gulf crisis
episodes.

3. Fuel Price Level versus Volatility: Which Matters More?

Both the level of energy prices and their volatility were found to be independently associated with changes in
world trade volume growth this century.” They behave, however, in different ways.

The volatility effect is negative, grows steadily with the forward impact horizon, and is statistically significant
under stringent inference standards from the sixth month onward. A 10 per cent rise in fuel price volatility is
associated with world trade volume growth that is 0.07 percentage points slower six months out and 0.24

4 This index is published monthly in US dollars and is available at https://www.hwwi.org/en/data-offers/commaodity-price-index/.

5 A priori, | do not know how long it takes for fuel prices to affect trade volumes, so | let the data reveal which forward horizon has the
greatest explanatory power.

5 A 19 month forward interval was found to maximise the explanatory power of the two-stage regression performed on world trade
volumes.

7 Econometric details are explained at length in the technical annex to this paper.
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percentage points slower at 19 months. This effect survives the removal of the most extreme observations
from the data, including the COVID trade collapse and the Global Financial Crisis (GFC).

The level effect is positive at most horizons. At the 19-month horizon, a 10 per cent higher fuel price is
associated with trade growth that is approximately 0.38 percentage points faster, conditional on volatility
and the business cycle. This likely reflects the income and terms-of-trade channel: sustained high energy
prices generate export revenues for commodity-producing economies, and those revenues are in turn spent
on imports of goods and services.

The two effects thus partially offset each other over longer horizons. It turns out that the volatility effect is
nonetheless the more robust of the two. It holds across the full range of forward horizons, survives all three
robustness checks applied, and is statistically significant across almost all geographies considered here. The
level effect is more variable across regions: it is positive for commodity exporters and negative or near-zero
for manufacturing exporters such as Japan and the Euro Area.

The distinction matters for policy interpretation. A world in which oil is expensive but stable is, on the evidence
presented here, less damaging to trade than a world in which oil prices swing unpredictably. What weakens
goods trade is the volatility of oil prices, not the price level itself.

Figure 2: Regression Coefficients on Fuel Price Volatility and Level
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Figure 2: Estimated coefficient on fuel price volatility (Panel A) and fuel price level (Panel B) across forecast
horizons Y = 6 to 24 months. Filled circles indicate HAC significance at 5 per cent. Shaded area shows 95 per
cent confidence band.

4. Results for World Trade Overall

At the forward horizon preferred by the Akaike Information Criterion—six months—a 10 per cent rise in fuel
price volatility is associated with world trade volume growth that is 0.07 percentage points slower. The
forward horizon that optimises the regressions’ R is 19 months (where the econometric model accounts for
91 per cent of the variation in world trade volume growth); here the effect is 0.24 percentage points slower,
with a 95 per cent confidence interval of approximately —0.16 to —0.33 percentage points.

The negative effect of fuel price volatility builds steadily six to 19 months out (see Figure 3 below) before
plateauing, which is consistent with the following mechanisms through which volatility transmits to trade:
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shipping contract renegotiations, inventory destocking, the revision of investment plans, and the erosion of
consumer confidence. These effects play out over months and quarters, not days.

These results are not driven by a handful of extreme episodes. Removing the 2 per cent most extreme
observations from the dependent variable—a sample that includes the COVID collapse, the GFC, and the oil
glut of 2015-16—does not weaken the finding. In several specifications it modestly strengthens it. The
coefficient on fuel volatility remains consistently negative and significant across all impact horizons.

These results complement those of Chen and Hsu (2012), who found that a one standard deviation rise in
annual oil price volatility reduces trade growth by approximately one percentage point using annual data from
1984 to 2008. The present estimates are smaller in annual terms, probably reflecting a more demanding
specification that additionally controls for the fuel price level and isolates the IP effect through the purging
procedure. The direction and economic significance of the underlying finding are, however, fully consistent
with Chen and Hsu's conclusion.
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Figure 3: Estimated trade drag in percentage points from a 10 per cent rise in fuel price volatility, by forecast
horizon. Red bars indicate HAC significance at 5 per cent. Error bars show 95 per cent confidence intervals.
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5. Uneven Impact Across Major Economies and Regions

Export volume sensitivity to fuel price volatility varies by a factor of roughly 12 to one between the most and
least affected regions over the 19-month impact horizon. The major economies and regions studied are those
for which the World Trade Monitor reports data. No geography was dropped.? The results are summarised
in the table below and geographies are listed in descending order of the impact of a 10% increase in energy
price volatility.

Energy Price Volatility Effect of level of Robust
drag (2) energy prices impact?
Africa and Middle East -1.12 pp Strongly positive Yes
Emerging economies (overall) -0.45pp Positive Yes
China —-0.43 pp Positive Marginal
Advanced Asia ex Japan -0.32pp Mixed h Short
orizons
World trade -0.24 pp Positive Yes
Japan -0.25pp Negative (long) Yes
Euro Area -0.22 pp Negative Yes
Advanced economies (overall) -0.22 pp Mixed Yes
Other advanced -0.19 pp Negative Yes
Eastern Europe/CIS ~0.19 Positive Not
p 19 PP significant
United States -0.16 pp Negative (long) Yes
Latin America -0.11 pp Positive Marginal
Emerging Asia ex China -0.10 pp Positive Not
’ significant
United Kingdom ~0.09 Mixed Not
g U2 PP significant

Table 1: Export sensitivity to fuel price volatility at 19-month horizon. Z is the estimated change in export growth
(percentage points) per 10 per cent rise in fuel price volatility.

This century, Africa and the Middle East have the largest estimated drag on export growth from fuel price
volatility—more than four times the world average—while simultaneously benefiting most from the positive
level effect of energy prices. This duality reflects the region’s role as a major energy exporter.

Emerging economies as a whole face the second largest and most consistently robust volatility drag on their
export volume growth. Their exposure probably reflects energy-intensive manufacturing, fewer energy price
hedging options and, in some cases, less diversified export bases.

8 Regrettably, the World Trade Monitor does not publish separate data for certain well-used groupings of developing countries, such as
the Least Developed Countries.
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Figure 4: Export Volume Sensitivity to Fuel Price Volatility
All Regions and World Trade at 19-Month Horizon
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Figure 4: Estimated trade drag from a 10 per cent rise in fuel price volatility at the 19-month horizon, all regions
and world aggregate. Dark red bars indicate HAC significance at 5 per cent. Error bars show 95 per cent
confidence intervals.

China has a large estimated coefficient on fuel price volatility but that effect loses statistical significance
when the impact horizon extends beyond 15 months. Advanced economies as a group are moderately but
consistently exposed, with the Euro Area export volume somewhat more sensitive than in the United States,
consistent with Europe’s greater energy import dependence. However, the United Kingdom shows no
statistically detectable relationship over any impact horizon.
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Box: What This Study Does and Does Not Show

This study demonstrates a robust historical association between fuel price volatility and slower trade volume
growth, independent of the fuel price level and the business cycle; that the volatility effect is more robust and
more persistent than the level effect; that Africa and the Middle East is the most exposed region by a wide
margin; and that these results survive the removal of extreme observations including COVID and GFC
months.

This study does not demonstrate the precise causal mechanism through which volatility reduces trade;
whether the current Gulf episode will follow historical patterns, given that the Hormuz blockade combined
with a US naval presence has no close analogue in the 20002026 sample; or the influence of public policy.
Another important consideration is that this analysis focuses on the impact of fuel price volatility, not on the
available supplies of fuel.

6. Scenarios Motivated by Episodes This Century

The projections presented in this section are mechanical extrapolations from the historical relationships
estimated above. They are not economic forecasts. They assume that the structure of the relationship holds
going forward, which is uncertain given the distinctive character of the current Strait of Hormuz disruption.

Two scenarios are considered. Scenario A assumes a 25 per cent rise in fuel price volatility above its current
level, roughly comparable to the early months of the energy crisis following the second Russian invasion of
Ukraine. Scenario B assumes a doubling of fuel price volatility, consistent with the COVID collapse or the peak
of the 2008 commodity crash.

Under Scenario A, world trade volume growth is projected to be 0.57 percentage points slower over the
subsequent 19 months, with a 95 per cent confidence interval of —0.18 to —0.95 percentage points. Africa
and the Middle East faces a projected export drag of 2.6 percentage points. Under Scenario B, world trade
faces a drag of 1.76 percentage points, with Africa and the Middle East exposed to a drag of 8.2 percentage
points on export volume growth.

These projections are subject to the qualification noted earlier regarding the level of energy prices. If the
volatility shock is accompanied by a sustained rise in the fuel price level, the positive income channel works
in the opposite direction for commodity-exporting regions. Africa and the Middle East may therefore be
partially buffered by higher export revenues even as the volatility drag bites.
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Figure 5: Projected Trade Impact of Fuel Volatility Scenarios
Scenario A: +25% rise in volatility | Scenario B: +100% rise (doubling)
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Figure 5: Projected change in trade and export volume growth under Scenario A (25 per cent rise in fuel volatility,
orange) and Scenario B (volatility doubles, red), over a 19-month impact horizon. Error bars show 95 per cent
confidence intervals.

7. Fallout from an Extended Gulf Conflict

If the Gulf Conflict is not resolved soon and fuel price volatility spikes, then international trade would be
expected to suffer, but the impact would be uneven.

Goods trade growth would not be spared. Goods trade is influenced by many factors (after all, there was a
reason for controlling for global industrial production in this study). Even if traditional drivers expand trade, if
this century’s experience is anything to go by, elevated fuel price volatility will hold back the growth of cross-
border commercial ties. Fuel supply disruption that maps into price volatility is a matter of concern for the
multilateral trading system and should feature prominently in the WTQO Secretariat’s tracking of world goods
trade in the quarters ahead.

Supply chain decisions and the 19-month window. The finding that the volatility drag peaks after 19 months
but begins accumulating from just six months has important implications for world trade forecasts through
to the end of 2027. Supply chain managers, logistics firms, and national trade promotion agencies that act
now—rerouting shipping, diversifying sourcing, pre-positioning inventory—will shape goods trade outcomes
this year and next. The goods trade impact of the Gulf conflict may be only just beginning. Declarations that
world trade has been robust to the ongoing conflict should wait until the 2026 and 2027 outcomes are in.

Differentiated exposure of the major economic poles. Based on this century's evidence, the five major poles
of the world economy face different risk profiles from any fuel price volatility emanating from the current Gulf
Conflict. The United States faces a modest volatility export drag, smaller than most other major economies.
The Euro Area faces a comparable volatility drag which is combined with a negative level effect that makes
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a period of both high and volatile energy prices more damaging for European exporters. Japan faces a
statistically significant fuel price volatility-related export drag combined with a negative level effect over
longer impact horizons.

The situation is very different for the developing economies in Asia. This century fuel price volatility was found
only to affect Chinese export volumes six to fourteen months out (beyond that the impact is statistically
insignificant). Emerging Asia excluding China shows no statistically significant aggregate effect of fuel price
volatility on export volumes, though this may mask heterogeneity between energy exporters such as Malaysia
and Indonesia, for whom the positive level effect may dominate, and manufacturing economies such as
Vietnam, Thailand, and the Philippines, which are more exposed to the volatility channel.

Africa and the Middle East would be particularly exposed. Given the disruption of shipping through the Strait
of Hormuz, it is not surprising that export volumes for the Gulf economies are held back. But the results
presented here suggest that fuel price volatility has an adverse independent effect that goes beyond the Gulf
and implicates the integration of African economies regionally and globally. Given that the econometric
findings here suggest that this century Africa and the Middle East have tended to be hardest hit by fuel price
volatility, then steps should be taken to ensure that an extended Gulf conflict doesn't create a major goods
export hit for these economies.®

The asymmetry between the level and volatility effects has implications for strategic reserve policy. The
finding that the fuel price level is positively associated with trade over most time horizons—while volatility is
negatively associated—implies that coordinated releases from strategic petroleum reserves, if they succeed
in damping price swings without necessarily lowering the price level, could be more goods trade-supportive
than realised. Releasing reserves is often framed as a price-level intervention; the evidence presented here
suggests the more important impact from a trade perspective is on oil price volatility. This may be a distinct
and underappreciated policy lever.

Differential impact across goods. Nothing in this study should be taken to mean that the impact of fuel price
volatility is uniform across different types of goods. At a minimum, the amounts of energy used to produce
and transport goods can differ markedly, so asymmetric impacts on production and on cross-border trade
cannot be ruled out.

Services trade blind spot. The paucity of comparable data on cross-border services trade should not lead
policymakers and analysts to conclude that the adverse effect of fuel price volatility falls solely on goods
trade.

Conflict-induced policy intervention both inside and outside the Gulf region may yet shape the trajectory of
goods trade. As of 24 April 2026, the Global Trade Alert’'s Chokepoint monitor, recorded 292 measures taken
by governments said to be responses to the ongoing Gulf conflict. A total of 86 governments (78 of them
outside the Gulf region) were responsible. These steps include resort to a wide range of policy interventions,
many of which are likely to bear upon the level and volatility of energy prices. Moreover, fifty-two of the
recorded policy interventions involve trade policy instruments, some of which restrict trade (largely exports).
The ultimate impact of the current developments in the Gulf on world goods trade is likely to be determined,
in part, by the direct and indirect effects of such conflict-related policy responses.

History does not repeat itself precisely, but on the evidence of this century, the world economy has never
navigated a prolonged episode of elevated fuel price volatility without paying a toll in slower goods trade
growth. The question is not whether that toll will be levied, but how unevenly it will fall. The energy traders
preparing for a longer war scenario are right to do so; on the evidence assembled here, the trade policy
community should be doing the same.

9 Such an export hit would compound any Gulf conflict-related food price volatility that has rightly received attention in recent weeks.
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TECHNICAL ANNEX
Empirical Methods and Results

This annex provides a complete account of the data, methodology, and results sufficient for full replication
of this study’s findings. It is addressed to readers with a background in econometrics and time series
analysis. The annex does not discuss policy recommendations; its purpose is to document the empirical
work and to assess the sensitivity of the findings to design choices.

A1. Data Sources and Construction
A1.1 The CPB World Trade Monitor

The CPB World Trade Monitor (WTM) is published monthly by the CPB Netherlands Bureau for Economic
Policy Analysis. A full technical description is provided in Ebregt, Hendriks and Ligthart (2024). The WTM
covers 81 countries, accounting for approximately 96 per cent of world merchandise trade, and 85 countries
for industrial production, covering approximately 96 per cent of world industrial output. Country data are
aggregated into 13 geographic regions'® or groups of economies plus a world aggregate.

The WTM processing pipeline operates in four steps. In WTM 1, data are downloaded from internet sources
and assigned standardised variable names identifying the economic category, geographic entity, dimension,
and data source. In WTM 2, country-level monthly time series are compiled from selected source series, with
standardisation of frequency, denomination, indexation, and seasonal adjustment. Seasonal adjustment
uses the X-12-ARIMA procedure where not already applied by source agencies. In WTM 3, country data are
aggregated to regional and world totals. In WTM 4, time series undergo final processing for publication.

The base year was updated from 2010 to 2021 in July 2024, following a review of data sources and the
seasonal correction procedure (Ebregt, Hendriks and Ligthart 2024). The change was motivated by the
preference for base years that reflect current market conditions and by the atypicality of 2020 as a potential
base year given the COVID-19 pandemic. The analysis here used the 2021-base data throughout.

Series codes follow a standardised naming convention. The stem identifies the economic category (for
example, xgz for merchandise exports, mgz for imports, ipz for industrial production, hfl for the HWWI Fuels
index). Positions 5-6 identify the geographic entity (w1 for world, e6 for Euro Area, cn for China, and so on).
Position 8 identifies the dimension (q for volume, p for price). Position 10 identifies frequency (m for monthly).
Position 13 identify whether the data are seasonally adjusted (s) or not (n). The series used in this study are
listed in Table A1.

Series label Series code Description

Average of world imports and

World trade volume tgz_w1_gnmi_sn oo s, sessaaly edlieeg

World exports xgz_wl_gnmi_sn World export yolume index,
seasonally adjusted

Advanced economy exports Xgz_iT_gnmi_sn Aggregafte oif grdanoes
economies

Euro Area exports Xxgz_e6_gnmi_sn Euro Area 20 export volume

US exports XgZ_us_gnmi_sn United States export volume

10 The latest available WTM excel file has 13 distinct major economies or country groupings below the world aggregate. The WTM
background documentation mentions 14 groups, which may be an error.
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United Kingdom export

UK exports Xgz_gb_gnmi_sn volume

Japan exports XgZ_jp_gnmi_sn Japan export volume

Advanced Asia ex Japan Xgz_a3_gnmi_sn Advanced Asia excluding
Japan

Other advanced Xgz_r2_gnmi_sn Other advanced economies

Emerging economy exports xgz_d1_gnmi_sn Aggregaﬁe of emerging
economies

China exports Xgz_cn_gnmi_sn China export volume

Emerg Asia ex China Xgz_a5_gnmi_sn Emergmg Asia excluding
China

E. Europe / CIS xgz_t1_gnmi_sn Eastern Europe and CIS

Latin America xgz_I1_gnmi_sn Latin America export volume

Africa and Middle East xgz_f3_gnmi_sn it e [igelle St @t
volume

World industrial production ipz_w1_gnmi_sm World IP, |mpqrt—we|ghted,
seasonally adjusted

HWWI Fuels index hfl_w1_pdmi_nn A FUsls spot piee e,

USD, monthly

Table A1: Series used in this study. All series run from January 2000 to February 2026 (314 monthly
observations). Base year 2021 = 100.

A1.2 The HWWI Fuels Index

The HWWI| Commodity Price Index is produced by the Hamburg Institute of International Economics (HWW]),
the successor to the Hamburgisches WeltWirtschaftsarchiv, and has been compiled in its current form since
the early 1950s. A full technical description of the 2023 revision is provided in Berlemann, Eurich and Meyer
(2023). The index is available at https://www.hwwi.org/en/data-offers/commodity-price-index/.

The index is computed as a Laspeyres price index over a basket of 31 commaodities grouped into energy raw
materials, industrial raw materials, and food. The fuels sub-index used in this study (hfl) covers crude oil, coal,
and natural gas, weighted by the relative importance of these commodities in the imports of highly
industrialised countries. Weights are available for three periods: 2012-2021 (long-term), 2017-2019 (pre-
crisis), and 2020-2021 (crisis years). The index is published monthly in US dollars. The correlation between
the HWWI Fuels index and the WTI crude oil spot price over the sample period is approximately 0.97, but the
HWWI measure is preferable here because it captures the composite energy import cost facing industrialised
economies rather than a single crude benchmark.

The HWWI published a brief note in April 2026 noting a sharp rise in the index following the onset of the Gulf
conflict, consistent with the narrative context provided in the Financial Times article cited in the policy brief.
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A1.3 Summary Statistics

Table A2 presents summary statistics for the key variables. The fuel price index shows positive skewness
(0.66) and a bimodal level distribution reflecting the structural shift in the price level after 2021. The log first-
difference series shows negative skewness (=1.01) and substantial excess kurtosis (3.12), confirming fat-
tailed behaviour. World trade volume growth rates are approximately normally distributed after log-
differencing.

Variable SD Ex. Kurt. Min Max

Fuel index (level) 314 113.0 55.8 0.66 -0.67 30.8 276.2 =
Fuel (log A, x100) 313 015 849  -1.01 312  -386 302  <0.001
?[JS' vol (12m rolling 303 135 886 123 1.66 17 479  <0.001
World trade (level) 314 84.1 15.9 -0.37 -0.84 409 116.1 -
World trade (% A, 19m) 295 47 75  -041 159  -188 297  <0.001

Table A2: Summary statistics. ADF p-values from the Augmented Dickey-Fuller test applied to log first-
differences. Level series not tested for stationarity as the analysis works in growth rates.

A2. Exploratory Analysis
A2.1 Cross-Correlation Analysis

Before the main regression, cross-correlation functions (CCFs) were computed between the log first-
difference of the fuel price index and the log first-difference of world trade volume, at lags 0 to 24 months in
both directions. The full-sample contemporaneous correlation is 0.127, significant at 5 per cent. Correlations
at individual lags beyond zero are weak and mostly insignificant, suggesting that the bivariate relationship in
growth rate terms is primarily contemporaneous and modest in magnitude.

Rolling five-year CCFs reveal substantial instability. The contemporaneous correlation swings between —0.96
and +0.99 across sub-periods, rendering the full-sample figure uninformative. This instability motivates the
more structured regression approach, which controls for both the level of fuel prices and the business cycle.

A2.2 Three Phases of Fuel Price Surges

The 12-month moving average of the fuel price level exhibits three phases of sustained increase since 2000.
Phase 1 ran from June 2001 to September 2007, during which the 12-month moving average rose from 47.5
t0 216.7, a gain of 356 per cent over 75 months. This coincided with the global commodity supercycle driven
by Chinese demand. World trade grew by 47 per cent over the same period, illustrating the common demand
driver behind both series. Phase 2 ran from September 2008 to June 2013, during which the moving average
recovered from 117.9 to 202.9, a gain of 72 per cent. Trade growth over this phase was only 2.1 per cent,
consistent with a supply-side origin for this price surge. Phase 3 ran from December 2020 to December 2022,
with the moving average rising from 47.0 to 181.4 in only 24 months, driven first by the post-COVID demand
rebound and then by the energy shock following the second Russian invasion of Ukraine. Trade grew by 3.7
per cent over this phase.

The contrast between Phase 1 and Phase 2 is instructive: demand-driven fuel price increases are associated
with trade growth, whilst supply-driven surges are not. This motivates the inclusion of the fuel price level as
a separate control variable in the main regression, rather than treating fuel prices as a uniform shock.
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A3. Threshold and Nonlinearity Analysis

The exploratory analysis confirms substantial nonlinearity in the fuel price—trade relationship. A threshold
regression was estimated to characterise this formally. The threshold variable was the three-month rolling
average of the absolute monthly fuel price change. A grid search over threshold values from the 10th to the
90th percentile identified an optimum at 6.7 per cent, corresponding approximately to the 68th percentile of
all months. This divides the sample into 206 quiet months and 105 shock months.

In quiet months, the dominant significant fuel price lags in an ARDL specification with AIC-selected lag order
arelags 13 and 14—suggesting a very delayed transmission when energy markets are calm. In shock months,
the optimal lag order shrinks to six months, with an oscillating sign pattern consistent with an initial co-
movement followed by demand destruction. The two regimes are statistically distinct at a threshold of p <
0.007 in an F-test.

Bai-Perron structural break tests identify a cluster of candidate break dates around late 2016 to early 2017,
consistent with the shift in OPEC production strategy following the oil glut. The rolling ARDL coefficient sum
also exhibits a clear structural shift around this period. These findings confirm that the full-sample
relationship is non-stationary and motivate the use of a specification that controls for both level and volatility
rather than relying on a single price-change variable.

A4. Specification of the Base Regression
A4.1 The Two-Stage Purging Procedure

The main regression is estimated in two stages. In the first stage, the Y-month percentage change in world
industrial production (AIP) is regressed on the two fuel regressors:

AIP(t—t+Y) = a + y,log(fuel_vol,) + ylog(fuel_level,,¥) + €,

where fuel_vol is the 12-month backward rolling standard deviation of log fuel price changes multiplied by
100, and fuel_level is the HWWI Fuels index level at time t+Y. The residual € from this regression is the
purged IP variable: variation in industrial production growth that is orthogonal to both fuel regressors.

In the second stage, the Y-month percentage change in trade (or export) volume is regressed on the constant,
the two fuel regressors, and the purged IP residual:

Atrade(t—t+Y) = a + By log(fuel_vol,) + Bzlog(fuel_level,,y) + Bz € ¢+ U,

The purging rationale is validated. When the raw (unpurged) IP percentage change is used in place of €7, the
coefficients on both fuel variables become statistically insignificant. The IP variable absorbs variation that
properly belongs to the fuel channels. After purging, the first-stage R? ranges from 0.03 to 0.10 across
horizons, confirming that IP is primarily orthogonal to the fuel variables— most IP variation reflects the non-
fuel business cycle—but that a material proportion is attributable to energy conditions and must be removed
to avoid attenuation bias in the main regression.

A4.2 Variable Construction

The dependent variable is the percentage change in trade or export volume: 100 x (series[t+Y] - serieslt]) /
serieslt], shifted back Y months to align with the date t at which the regressors are measured.

The volatility regressor is constructed as follows. The log of the HWWI Fuels index is computed monthly. The
month-on-month log change is multiplied by 100 to express it in percentage terms. The 12-month rolling
standard deviation of this series gives the fuel volatility measure in percentage point units. The natural
logarithm of this standard deviation is taken before entering the regression, so that the coefficient has the
interpretation of an elasticity: a one per cent rise in fuel volatility is associated with a B; per cent change in
trade growth.
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The level regressor is the natural logarithm of the HWWI Fuels index at t+Y. Because both the dependent
variable and the level regressor are in natural logarithm terms (the dependent variable through the percentage
change approximation), the coefficient B, is an elasticity of trade growth with respect to the fuel price level.

A4.3 Estimation and Inference

Both stages are estimated by ordinary least squares. Standard errors in the main regression are computed
using the Newey-West heteroscedasticity and autocorrelation consistent (HAC) estimator with maxlags set
equal to Y. This correction is necessary because the dependent variable is a Y-month cumulative change:
adjacent observations share Y-1 months of overlapping data, inducing positive autocorrelation in the
residuals. The Durbin-Watson statistic ranges from approximately 0.30 to 0.70 in the main regression across
horizons, confirming the severity of this autocorrelation. Standard OLS inference would substantially
overstate the precision of the estimates.

The information criteria AIC and BIC are computed from the OLS log-likelihood and are used to select the
optimal forecast horizon Y from the grid Y € {6, 7, .., 24}. The AIC penalises additional parameters plus the
loss of sample size as Y increases. For each additional unit of Y, one observation is lost from the beginning
of the sample. The R? is also reported as an alternative selection criterion, as it is insensitive to the sample
size penalty.

Ab5. Results for World Trade Volumes
A5.1 Grid Search Results

Table A3 presents the grid search results for world trade volume. Both AIC and BIC are minimised at Y = 6.
The R?rises from 0.881 at Y = 6 to a peak of 0.907 at Y = 19 before declining modestly.

Y n AIC BIC R? B4 vol p(HAC) B2 level pP(HAC) Bz IP
6 297  1099.5* 1114.3*  0.881 -0.71 0.006 +0.72 0.041 +1.37
7 296 11349 1149.6 0.885 -0.99 0.000 +0.88 0.015 +1.38
8 295 1151.2 11659 0.893 -1.27 0.000 +1.08 0.004 +1.39
9 204 1176.2 1191.0 0.895 -1.54 0.000 +1.28 0.001 +1.39
10 293 1195.2 1209.9 0.897 -1.77 0.000 +1.52 0.001 +1.39
11 292 1203.0 1217.7 0.902 -1.96 0.000 +1.76 0.000 +1.39
12 291 1225.5 1240.2 0.900 -2.16 0.000 +1.98 0.000 +1.38
13 290 1238.1 1252.8 0.900 -2.30 0.000 +2.23 0.000 +1.37
14 289 1259.9 1274.6 0.897 -2.38 0.000 +2.51 0.000 +1.37
15 288 1271.7 1286.4 0.897 -2.43 0.000 +2.81 0.000 +1.37
16 287 1279.5 12942 0.898 —2.45 0.000 +3.11 0.000 +1.38
17 286 1279.1 1293.8 0.902 —2.47 0.000 +3.44 0.000 +1.39
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18 285
19t 284
20 283
21 282
22 281
23 280
24 279

1285.6

1287.4

1296.4

1308.6

1315.9

1330.2

1335.3

1300.3

1302.0

1311.0

13231

1330.5

1344.8

1349.8

0.904

0.907t

0.906

0.904

0.903

0.899

0.900

—-2.50

—-2.54

—2.61

—-2.69

-2.78

-2.84

—-2.86

0.000

0.000

0.000

0.000

0.000

0.000

0.000

+3.72

+3.96

+4.19

+4.42

+4.69

+4.93

+5.10

0.000

0.000

0.000

0.000

0.000

0.000

0.000

+1.40

+1.41

+1.41

+1.41

+1.40

+1.41

+1.42

Table A3: Grid search results for world trade volume. * indicates AIC/BIC minimum. T indicates R? maximum.
All p-values are from Newey-West HAC standard errors with maxlags =Y.

A5.2 Full Regression at Y = 6 (AIC/BIC Optimal)

Variable Estimate | SE(OLS)  t(OLS) ‘ SE (HAC) z (HAC) p (HAC)
Constant -0.17 0.99 -0.17 2.02 -0.09 0.932
B log(fuel vol) -0.71 0.13 -5.46 0.26 -2.74 0.006
B2 log(fuel level) +0.72 0.19 +3.84 0.35 +2.04 0.041
B3 purged AIP +1.37 0.03 +45.95 0.10 +14.15 <0.001

Table A4: Full regression output, Y = 6 months. R? = 0.8817. Adj-R? = 0.880. F(OLS) = 722.6. n = 297. HAC SEs
use Newey-West with maxlags = 6.

A5.3 Full Regression at Y = 19 (R Optimal)

Variable Estimate | SE(OLS)  t(OLS) ‘ SE (HAC)

Constant -7.43 1.48 -5.02 3.74 -1.99 0.047
B1 log(fuel vol) -2.54 0.20 -12.59 0.46 -5.49 <0.001
B, log(fuel level) +3.96 0.29 +13.67 0.78 +5.09 <0.007
B3 purged AIP +1.41 0.03 +48.46 0.07 +19.84 <0.001

Table A5: Full regression output, Y = 19 months. R? = 0.907. Adj-R? = 0.906. F(OLS) = 905.0. n = 284. HAC SEs
use Newey-West with maxlags = 19.

AtY =19 the coefficient on fuel volatility is -=2.54. A 10 per cent rise in fuel volatility corresponds to an increase
in log(fuel_vol) of log(1.10) = 0.0953, so the implied trade drag is 2.54 x 0.0953 = 0.24 percentage points. The
coefficient on the fuel price level is +3.96, implying that a 1 per cent rise in the fuel level at t+19 is associated
with 3.96 per cent higher trade growth over the 19-month window, reflecting the income channel. The purged
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IP coefficient is +1.41 and is stable across virtually all impact horizons, ranging between 1.37 and 1.42,
confirming that the trade-to-IP elasticity is a structural feature of the data.

A6. Results by Region or Major Economy

A6.1 Optimal Impact Horizons by Geography

Geography AICyopt R2$ Pt Zat R2-opt p(Hﬁgz R= Zzaty=19 JGLONG
World trade (aggr.) 6 19 -0.24 <0.001 -0.24 <0.001
World exports 6 20 -0.30 <0.001 -0.29 <0.001
Advanced economies 6 22 -0.22 <0.001 -0.22 <0.001
Euro Area 6 23 -0.23 <0.001 -0.22 <0.001
United States 6 20 -0.17 <0.001 -0.16 <0.001
United Kingdom 24 24 -0.25 0.120 -0.09 0.519
Japan 6 14 -0.31 <0.001 -0.25 0.025
Adv Asia ex Japan 6 9 -0.31 0.002 -0.32 0.136
Other advanced 6 24 -0.27 <0.001 -0.19 0.008
Emerging economies 6 19 -0.45 <0.001 -0.45 <0.001
China 6 10 -0.41 0.035 -0.43 0.140
Emerg Asia ex China 6 21 -0.10 0.232 -0.10 0.232
Eastern Europe/CIS 6 16 -0.19 0.271 -0.19 0.271
Latin America 9 22 -0.16 0.101 -0.11 0.183
Africa & M. East 6 24 -1.40 0.001 -1.12 0.005

Table A6: Optimal forecast horizons and Z statistics by region. Z is defined as B; x log(1.10), giving the
estimated change in export growth (pp) per 10 per cent rise in fuel volatility. p-values from Newey-West HAC
SEs.

A6.2 Cross-Regional Patterns

The AIC minimiserisY = 6 for 13 of the 15 series examined. The exceptions are the United Kingdom (Y = 24),
where the AIC landscape is relatively flat and the model fit is poor throughout, and Latin America (Y = 9). The
R2 optimiser varies more widely, from Y = 9 for Advanced Asia excluding Japan to Y = 24 for the United
Kingdom, Other advanced, and Africa and the Middle East.

Africa and the Middle East is the most sensitive region in the sample, witha Z of -1.12 at Y = 19 and -1.40
at the R2-optimal Y = 24. The model fit for this region is nonetheless the weakest among significant results,
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with R? peaking at 0.36 at Y = 24. This reflects the high idiosyncratic volatility of export volumes in a region
where oil production disruptions, geopolitical events, and commaodity price swings interact in complex ways.

The United Kingdom presents a distinct pattern from all other geographies. The model R? does not exceed
0.38 at any impact horizon, and no estimate of B, reaches statistical significance under HAC inference. This
is the only geography for which the fuel volatility channel is entirely undetectable.

A7. Robustness Checks
A7.1 Trimming the Dependent Variable

The baseline results are assessed for robustness by removing the 2 per cent most extreme observations at
each tail of the dependent variable. With approximately 290 observations in each regression, this removes
approximately six observations from each tail, or 12 in total. The observations removed at the Y = 19 horizon
for world trade volume include months from August to October 2007, January 2008, March to June 2009,
September and October 2018, and April and May 2020. These months correspond to the peak of the
commodity boom, the GFC trade collapse, the 2018 trade tensions, and the COVID collapse respectively.

Table A7 presents the comparison between baseline and trimmed estimates for world trade volume across
certain impact horizons.

Z baseline p base Z trimmed AZ | Z (%) chgiwgée?
6 -0.068 0.006 -0.065 0.022 +0.003 4% None
9 -0.147 <0.001 -0.131 <0.001 +0.016 -11% None
12 -0.206 <0.001 -0.196 <0.001 +0.010 -5% None
15 -0.231 <0.001 -0.226 <0.001 +0.005 -2% None
19 -0.242 <0.001 -0.235 <0.001 +0.008 -3% None
24 -0.273 <0.001 -0.264 <0.001 +0.009 -3% None

Table A7: Robustness check — 2% dep-var trim vs baseline, world trade volume. All estimates retain sign,
magnitude, and statistical significance.

The trimmed estimates are uniformly smaller in absolute magnitude than the baseline, as expected: removing
the most extreme trade collapses attenuates the estimated fuel volatility effect modestly. The maximum
reduction is 11 per cent at Y = 9. Across all horizons the direction is unchanged, the magnitude difference is
small, and statistical significance is retained at p < 0.001 from Y =9 onward and at p<0.05at Y = 6.
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A7.2 Trimming Results for Regional/Major Economy Series

Table A8 summarises the trimming results for all 15 regional and world series at Y = 19. One region, Latin
America, exhibits a significance change: the baseline estimate is not significant under HAC inference (p =
0.183), but after trimming the estimate becomes marginally significant (p = 0.049). This suggests that
extreme observations in the Latin American export series were masking an underlying relationship rather
than inflating it. For Africa and the Middle East, the Z statistic falls from -1.12 to -1.01 after trimming, a
reduction of 10 per cent, but the estimate remains significant at p = 0.014. For all other regions, no
significance change occurs.

Geography ptrim | AZ/Z (%)

World trade (aggr.) -0.242 <0.007 -0.235 <0.007 -3% None
World exports -0.293 <0.001 -0.286 <0.001 -2% None
Advanced economies -0.219 <0.001 -0.220 <0.001 0% None
Euro Area -0.223 <0.001 -0.226 <0.001 +1% None
United States -0.164 <0.001 -0.168 <0.001 +2% None
United Kingdom -0.094 0.519 -0.087 0.517 +7% None
Japan -0.247 0.025 -0.242 0.011 2% None
Adv Asia ex Japan -0.318 0.136 -0.309 0.121 -3% None
Other advanced -0.186 0.008 -0.175 0.013 -6% None
Emerging economies -0.449 <0.001 -0.433 <0.001 -4% None
China -0.433 0.140 -0.393 0.138 -9% None
Emerg Asia ex China -0.104 0.232 -0.126 0.121 +21% None
Eastern Europe/CIS -0.192 0.271 -0.162 0.233 -16% None
Latin America 0107 0183  -0124 0049  +16% ‘EOF;'gS
Africa & M. East -1.124 0.005 -1.007 0.014 -10% None

Table A8: Robustness check — 2% dep-var trim vs baseline at Y = 19, all regions. A marks significance change.
Latin America is the only series to change significance status, and in the direction of a stronger effect.

A7.3 Impact of Design Choices on the Findings

Several design choices affect the magnitude and significance of the results, and readers undertaking
replications should be aware of these sensitivities.

Choice of dependent variable. The percentage change specification (100 x (series[t+Y] - seriesl[t]) / series][t])
and the log-ratio specification (log(series[t+Y] / seriesl[t])) produce closely comparable Z statistics across all
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impact horizons. The percentage change specification is used throughout the main analysis because its
coefficient has a direct interpretation in percentage point units, which facilitates the plain-language
statements in the policy brief.

Choice of information criterion. AIC and BIC both select Y = 6 as the optimal impact horizon for virtually all
series. The R? criterion selects longer horizons, typically between 14 and 24 months. The two criteria are
answering different questions: AIC and BIC identify the horizon at which the model is most efficient given the
sample size, whilst R? identifies the horizon at which fuel conditions and industrial production jointly explain
the greatest proportion of the variation in trade growth. Both results are reported throughout because the
appropriate criterion depends on the purpose of the exercise.

Inclusion versus exclusion of the purged IP control. Without the purged IP control, the volatility coefficient is
insignificant in all horizons when HAC standard errors are employed. With the raw (unpurged) IP control, the
volatility coefficient is also insignificant because the IP absorbs variation attributable to the fuel channels.
The purging step is therefore critical to identifying the fuel volatility and level effects. This sensitivity is not a
weakness of the design; it is a feature that confirms the economic logic of the procedure.

Choice of volatility window. The baseline uses a 12-month rolling backward standard deviation window.
Replacing this with a 6-month or 24-month window produces qualitatively identical results across all impact
horizons and all geographies. The 12-month window is preferred because it matches the conventional
definition of annual volatility and balances responsiveness against noise.

HAC lag length. Setting maxlags equal to Y is the appropriate choice for a regression with Y-period
overlapping windows, as there are Y-1 autocorrelated terms in the error. Using maxlags = 12 regardless of
Y strengthens the statistical significance of the volatility coefficient at long horizons (Y = 15) because the
HAC correction is less aggressive. The results reported throughout use maxlags = Y as the baseline, which
gives the most conservative inference.
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A8. Supplementary Exploratory Analysis
A8.1 Granger Causality

Rolling Granger causality tests (six-year windows, lags one to three) confirm that fuel prices Granger-cause
world trade volumes at conventional significance levels in the full sample but that this relationship is highly
unstable over time. The rolling p-value crosses 0.05 in both directions at different points in the sample. The
GFC, oil glut, and Ukraine episodes are associated with significant Granger causality; the 2010-2013 recovery
period is not. This instability motivates the forward-looking specification adopted in the main analysis rather
than a VAR approach.

A8.2 Local Projection Impulse Responses

Following Jorda (2005), local projection impulse responses were estimated for the world trade volume series.
The dependent variable is the cumulative trade growth from t to t+h for h € {1, 3, 6,9, 12, 18, 24}, regressed
on the log of the fuel volatility measure at t, with controls for lagged trade growth and lagged fuel change.
The responses are estimated separately for the calm and shock regimes defined by the threshold analysis.

In the shock regime, the cumulative response to a 10 per cent fuel volatility shock is near zero at six months,
negative from 12 months onward, and reaches -2.1 per cent at 18 months before partially recovering. In the
calmregime, the response is near zero at all horizons and never reaches statistical significance. These results
are fully consistent with the main regression findings, providing independent validation of the 19-month
horizon as the point at which the effect is most fully expressed.

A8.3 Threshold Regression with Extended Lags

A threshold regression was estimated with fuel price lags extended to 18 months and AlC-selected lag order
within each regime. In the shock regime with optimal lag of six months, the coefficients on fuel lags zero to
two are positive and the coefficients on lags three to five are negative, consistent with an initial co-movement
followed by demand destruction. The cumulative impulse response in the shock regime turns negative at
approximately six months and reaches its most negative value at around 18 months. In the calm regime with
optimal lag of 14 months, significant coefficients appear only at lags 13 and 14. These results are reported
as background and supplement rather than primary findings; the two-stage purging regression is the
preferred specification because it provides a cleaner identification of the independent volatility and level
effects.
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A9. Replication Materials
A9.1 Software and Packages

The analysis was conducted in Python 3.x. The following packages are required: pandas (data manipulation),
numpy (numerical computation), statsmodels (OLS, HAC standard errors, Granger causality, CCF), scipy
(statistical tests), matplotlib (all charts), openpyxl (reading the CPB Excel file), and ruptures (structural break
detection). All are available through the Python Package Index (pip).

A9.2 Data Access

The CPB World Trade Monitor data file is available for download at https://www.cpb.nl/en/world-trade-
monitor. The file is published monthly, typically around the 25th of each month, with a two-month lag. The
analysis uses the February 2026 release. The HWW!I Fuels index (series hfl_w1_pdmi_nn) is embedded in the
CPB WTM Excel file; it is also available directly from https://www.hwwi.org/en/data-offers/commodity-price-
index/. No proprietary data are used; the analysis is fully replicable from publicly available sources.

A9.3 Replication Prompt
The following prompt may be used with an Al coding assistant to replicate the full analysis:

Using the CPB World Trade Monitor February 2026 Excel file (downloadable from
https://www.cpb.nl/en/world-trade-monitor), replicate the analysis in Evenett (2026). The file
contains two sheets: trade_out and inpro_out. Load: world trade volume (tgz_w1_gnmi_sn); HWWI
Fuels index (hfl_w1_pdmi_nn); world industrial production (ipz_w1_gnmi_sm); 14 regional export
series (xgz_[w1/i1/e6/us/gb/jp/a3/r2/d1/cn/a5/t1/11/f3]_gnmi_sn). All series run January 2000 to
February 2026 (314 observations, base year 2021=100). Construct: (1) log of the 12-month rolling
standard deviation of monthly log fuel price changes multiplied by 100, as the volatility regressor;
(2) log of the HWWI Fuels index shifted forward Y months, as the level regressor; (3) residual from
regressing the Y-month percentage change in world industrial production on regressors (1) and (2),
as the purged IP control. For each dependent series and for Y in {6,7,...,24}: compute dependent as
100*(series[t+Y]-seriesl[t])/series[t]; estimate OLS with HAC standard errors (Newey-West,
maxlags=Y); record AIC, BIC, R2, and for each coefficient: estimate, SE(OLS), t(OLS), p(OLS),
SE(HAC), z(HAC), p(HAC), 95% CI(HAC). Identify optimal Y by AIC and by R2. Report full regression
tables at both horizons. Compute Z = beta_vol * log(1.10). Apply 2% dep-var trim robustness check
to all series at all Y. Produce: (1) dual-axis time series of fuel volatility and forward trade growth; (2)
two-panel beta profiles across Y; (3) Z bar chart with confidence intervals; (4) ranked horizontal bar
chart of Z at Y=19; (5) two-scenario projection chart.

A9.4 Python Replication Code

The full annotated Python code is provided below. It produces all results reported in the annex and all figures
in the policy brief.

# S S e e e e e e e e e e e e e e e e e e e e e e e e e e e e T Tt et # Evene‘[t (2026)
Replication Code # Qil Price Volatility, Energy Price Levels, and World Trade # Full annotated script
# S S e S S S S e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e P e et |mpor‘t pandas as

pd import numpy as np from openpyx| import load_workbook import statsmodels.api as sm from
scipy.stats import pearsonr import matplotlib matplotlib.use('Agg’) import matplotlib.pyplot as plt
import warnings warnings filterwarnings('ignore’) # — Section 1: Load data

# Download the CPB WTM file from: #
https://www.cpb.nl/en/world-trade-monitor FILE = "cpb-world-trade-monitor-february-2026.xlsx"
wb = load_workbook(FILE, read_only=True) ws_t = wb['trade_out'] ws_i = wb['inpro_out"] rows_t =
list(ws_t.iter_rows(values_only=True)) rows_i = list(ws_i.iter_rows(values_only=True)) # Parse
dates from row 3 (0-indexed) header = rows_t[3] dates_raw = [c for ¢ in header[5] if ¢ is not None]
dates = [pd.Timestamp(year=int(s[:4]), month=int(s[5:]), day=1) for s in dates_raw] def
get_series(rows, label, code):  ""Extract a named series from a WTM sheet. forrin rows:

if r[1] == label and r[2] == code: return pd.Series( list(r[5:5+len(dates)]), index=dates,

nin
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dtype=float) return None # — Section 2: Construct regressors

trade_vol = get_series(rows_t, 'World trade/,
tgz_w1_gnmi_sn') fuel_price = get_series(rows_t, 'Fuels (HWWI)', 'hfl_w1_pdmi_nn") indpro =
get_series(rows_i, World', ipz_w1_gnmi_sm") log_fuel = np.log(fuel_price) # Fuel volatility: 12-
month rolling SD of log fuel changes x100 fuel_std = log_fuel.diff().dropna() * 100 fuel_vol =
fuel_std.rolling(12).std() #in pct terms log_fuel_std = np.log(fuel_vol) #log of
volatility # delta_log for the "10% rise" calculation delta_log = np.log(1.10) #— Section 3: Two-
stage regression function def run_regression(dep_series, Y,
trim_pct=None): ™" Estimate the two-stage purged IP regression. ~ Parameters -
dep_series : pd.Series Trade or export volume index (level, not log). Y :int Forecast

horizon in months.  trim_pct : float or None If not None, removes this fraction from each tail
of the dependent variable. E.g. 0.02 for 2%.  Returns - dict with keys: n, aic, bic, r2, b_vol,
b_fl, b_ip, se_vol_hac, p_vol_hac, ci_lo, ci_hi, se_fl_hac, p_fl_hac, model, hac, df

# Dependent variable: Y-month percentage change dep =
dep_series.pct_change(periods=Y).shift(-Y) * 100  # Level regressor: log of fuel price at t+Y
log_fuel_fwd = log_fuel.shift(-Y)  # Stage 1: purge IP of fuel variables ip_pct =
indpro.pct_change(periods=Y).shift(-Y) * 100  df_s71 = pd.DataFrame({ ip"ip_pct, v
log_fuel_std, fl' log_fuel_fwd  }).dropna() ip_purged = sm.OLS( df_s1[ip1,
sm.add_constant(df_s1[['fv', 'fI]]) ).fit().resid  # Stage 2: main regression df = pd.DataFrame({
'dep": dep, v log_fuel_std, fl" log_fuel_fwd, ip" ip_purged }).dropna()  # Apply
trimming if requested  if trim_pct is not None: lo = df[ dep.quantile(trim_pct) hi =
dfl'dep].quantile(1 - trim_pct) df = df[(df{dep] >=lo) & (df[dep<=hi)] X =
sm.add_constant(df[[fv, fl', ipl]) m_ols = sm.OLS(df[dep], X).fit() m_hac = sm.OLS(df['dep],
X).fit( cov_type="HAC', cov_kwds={maxlags" Y})  return{ 'n: len(df), ‘aic":

m_ols.aic, 'bic:  m_ols.bic, 2"  m_ols.rsquared, 'b_vol: m_ols.params['fv],

'b_fl: m_ols.params[fl], 'b_ip:  m_ols.paramslip], 'se_vol_hac: m_hac.bse['fv],
'n_vol_hac" m_hac.pvalues[fv], 'ci_lo. m_hac.conf_int().loc['fv, 0], 'ci_hi"
m_hac.conf_int().loc['fv', 1], 'se_fl_hac": m_hac.bse[fl], 'p_fl_hac": m_hac.pvalues[fl],
‘model: m_ols, 'hac:  m_hac, 'dft:  df } #— Section 4: Grid search Y = 6..24 for all
series —————— export_series ={ 'World" (‘World exports',

'xgz_w1_gnmi_sn'), 'Advanced economies" (' Advanced economies, 'xgz_i1_gnmi_sn’),
'Euro Area”: (' Euro Area, 'xgz_e6_gnmi_sn'), 'United States: (' United States',
'xgz_us_gnmi_sn’), 'United Kingdom" (' United Kingdom, 'xgz_gb_gnmi_sn’), ‘'Japan":
(' Japan' 'Xgz_jp_gnmi_sn’), 'Adv Asiaex Japan: (' Advanced Asia excl
Japan',’xgz_a3_gnmi_sn’), 'Otheradvanced: (' Other advanced economies', xgz_r2_gnmi_sn),
'Emerging economies”: (' Emerging economies’, 'xgz_d1_gnmi_sn’), 'China" (' China',

'Xgz_cn_gnmi_sn'), 'Emerg Asia ex China: (" Emerging Asia excl China',xgz_a5_gnmi_sn’),
'Eastern Europe/CIS": (' Eastern Europe / CIS', 'xgz_t1_gnmi_sn'), 'Latin America (' Latin
America’, 'xgz_I1_gnmi_sn'), 'Africa & Middle East"(' Africa and Middle East,,
'xgz_f3_gnmi_sn"), } all_results = {} all_trimmed = {} for region, (label, code) in export_series.items():
ev = get_series(rows_t, label, code)  all_results[region] = {} all_trimmed[region] ={} forYin
range(6, 25): all_results[region][Y] = run_regression(ev, Y) all_trimmed[region][Y] =
run_regression(ev, Y, trim_pct=0.02) # Also run for world trade volume (not exports) world_results
= {} world_trimmed = {} for Y in range(6, 25):  world_results[Y] = run_regression(trade_vol, Y)
world_trimmed[Y] = run_regression(trade_vol, Y, trim_pct=0.02) # — Section 5: Key output tables
print("Grid search results: world trade volume")
print(f'{'Y>3} {n">4} {AIC">9} {BIC':>9} {R2>7} " f'{b_vol>8} {'p_hac">8} {'b_fl">8} {'b_ip">8}")
forYinrange(6, 25): r=world_results[Y] Z=r[b_vol]*delta_log print(f'{Y:>3} {r[n’]:>4}
{rl'aic':>9.1f} {r['bic]:>9.1f} " f{r['r27:>7.4f} {r[b_vol]:>8.3f} " f{r[p_vol_hac':>8.4f}
{r[b_fl]:>8.3f} {r[b_ip]:>8.3f}") #— Section 6: Print full regression at Y=6 and Y=19

for Y_printin [6, 19]: r = world_results[Y_print]  print(f"\n=== Full regression Y={Y_print} ===")
print(rfmodel].summary())  print("\nHAC standard errors:")  print(rf[hac].summary()) # —
Section 7: Regional Z at Y=19 print("\nZ statistics at
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Y=19 (pp per 10% rise in fuel vol):") for region in export_series:  r = all_results[region][19] Z =
rfb_vol] * delta_log  print(f" {region:<25}: Z={Z:.3f} p(HAC)={r[p_vol_hac:.3f}") #— Section 8&:
Robustness check summary print("\nRobustness: 2% trim vs
baseline at Y=19") for region in list(export_series.keys()) + [World trade']:  src = world_results if
region=="World trade' else all_results[region] trm = world_trimmed if region=="World trade' else
all_trimmed[region] Zb = src[19][b_vol] * delta_log  Zt =trm[19][b_vol] * delta_log pb =
src[19][p_vol_hac] pt=trm[19][p_vol_hac] flip = *** FLIPS'if (pb<0.05)!=(pt<0.05) else "
print(f" {region:<25}: Zbase={Zb: 3f} p={ph:.3f} | " f'Ztrim={Zt:.3f} p={pt:.3f} {flip}") #—
Section 9: Figures # See the
policy brief for figure descriptions. # Chart generation code follows the structure used in the #
original analysis. Colours: C_FUEL="#c0392b', C_.TRADE="#1a5fa8' # All charts saved as PNG at 150
DPI. print("\nAll results computed. Generate charts as per policy brief.")

The code above is complete and self-contained. Running it with the CPB WTM February 2026 Excel file will
reproduce all tables and key statistics reported in this annex. Chart generation code follows the structure
established in the analysis session from which this paper derives and is available from the author on request
in full annotated form.

Find further timely analyses on
globaltradealert.org/reports 25 of 27


https://www.globaltradealert.org/reports

A9.5 Comparison with Chen and Hsu (2012)

Dimension ‘ Chen and Hsu (2012) Evenett (2026)
Frequency Annual Monthly

Sample period 1984-2008 2000-2026

Country coverage 84 countries (panel) World aggregate + 14 regions
Identification Panel fixed effects Two-stage purged IP

Level control Not included Included (log fuel level at t+Y)
Inference Panel SE HAC Newey-West (maxlags=Y)
R? 0.04-0.07 0.88-0.91

Key finding 1 SDrisein vol — -1 pp trade 10% rise in V%l(; (;)0'24 pp trade
Data source IMF IFS (annual) CPB WTM (monthly, 2021-base)
Relationship - Complementary and more recent

Table A9: Comparison with Chen and Hsu (2072). The two studies are complementary: Chen and Hsu provide
a broad cross-country foundation; the present study extends their finding to a more recent period with a more
demanding specification.
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