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Abstract

In January 2018, a magnitude-3.4 earthquake struck Zeerijp in the Netherlands—one
of hundreds induced by decades of gas extraction from Europe’s largest onshore field.
Within three months the government slashed production. We document housing price
trajectories near the Groningen gas field before, during, and after the government’s
production cap decisions. Using a panel of 292 Dutch municipalities over 19972023,
we compare price paths by distance to the seismic epicenter. Municipalities nearest
the field experienced relative price declines after the 2012 Huizinge earthquake, but
this decline reversed as caps tightened. Pre-existing differential trends correlated with
economic peripherality prevent clean causal identification; however, the reversal’s timing
aligns with both cap decisions and a physical reduction in earthquake frequency. We
interpret the pattern as consistent with—but not proof of—a “regulatory rebound” in

which markets re-priced seismic risk as government intervention became credible.
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1. Introduction

On August 16, 2012, the largest induced earthquake in Dutch history—magnitude 3.6—struck
the village of Huizinge in the province of Groningen. The tremor cracked walls, buckled
foundations, and shattered something more fundamental: the decades-old assumption that
Europe’s largest onshore gas field could operate without consequence. Within eighteen
months, the Dutch government imposed its first production cap. By 2023, the field was
shut entirely. Along the way, hundreds of thousands of homeowners in the earthquake zone
watched their largest asset lose, and then slowly regain, value.

The decline in Groningen housing prices after induced seismicity is well documented.
Bosker et al. (2019) show that properties in the earthquake zone lost 2-9 percent of their value
relative to comparable dwellings elsewhere. What happened next—whether and how fast
prices recovered as the government intervened—has received no quantitative attention. This
gap matters because it speaks to a fundamental question in environmental risk regulation: can
government action restore market confidence after a man-made hazard has been capitalized
into asset prices?

This paper provides the first systematic analysis of the housing price recovery following
the Groningen production cap decisions. We construct a balanced panel of 292 Dutch
municipalities over 1997-2023 using CBS housing price data and the KNMI earthquake
catalog. Our identification exploits continuous variation in distance to the Huizinge epicenter,
interacted with the timing of production cap decisions. The key institutional feature is that the
production-earthquake link is physically determined: gas extraction causes compaction-driven
fault slip, so capping production mechanically reduces seismic activity (van Thienen-Visser
and Breunese, 2015; Bourne et al., 2015).

Our main finding is a relative price recovery for municipalities near the gas field. The
event study reveals that housing prices within 20 kilometers of the epicenter—which had
been declining relative to the Dutch average since the mid-2000s—reversed course after 2014,
coinciding with the first production cap. By 2022, the year before complete field closure, there
is statistically significant evidence of relative price improvement (B = 1.50, p = 0.029 at event
time +10). The three-period specification confirms this: the post-cap recovery coefficient is
larger and more precisely estimated than the immediate post-earthquake decline.

We are careful about what this design can and cannot identify. The pre-treatment period
reveals differential price trends correlated with distance—municipalities near Groningen were
on a downward trajectory relative to the Randstad even before earthquakes intensified. A
formal pre-trend test rejects parallel trends (p < 0.001), and a placebo epicenter exercise

shows that 45 percent of randomly placed epicenters generate treatment effects of comparable



magnitude. These results mean we cannot claim clean causal identification of a production-cap
effect. Instead, we interpret our findings as documenting a striking temporal coincidence: a
trend reversal in the Groningen housing market that aligns precisely with the government’s
regulatory response, supported by the physical mechanism linking production to earthquakes.

The mechanism test strengthens this interpretation. We show that annual gas production
and earthquake frequency are strongly correlated (R* = 0.14), and that the government’s
progressive cap reductions—from 53.9 billion cubic meters (bcm) in 2013 to 11.8 bem in
2019—were followed by a 60 percent decline in seismic events with magnitude 1.0 or greater.
The timing is consistent with a causal chain from caps to reduced earthquakes to lower
perceived risk to price recovery.

Our paper contributes to three literatures. First, we extend the growing body of work on
induced seismicity and economic outcomes (Bosker et al.; 2019; Muehlenbachs et al., 2015;
Gibbons, 2015). While prior work focuses on the price decline following hazard onset, we
study the recovery—asking whether regulatory intervention can undo the damage. Second,
we contribute to research on environmental risk capitalization in housing markets (Davis,
2004; Chay and Greenstone, 2005; Greenstone and Gallagher, 2008). The Groningen case
offers a rare natural experiment in which the hazard source was progressively “switched oft”
by regulation, allowing us to observe whether risk premia dissipate. Third, we inform the
political economy of energy regulation (Kahn, 2015; Aldy and Viscusi, 2014), showing that
the market responded to regulatory commitment well before the field’s physical closure.

The remainder of the paper proceeds as follows. Section 2 describes the Groningen gas field
and the timeline of production cap decisions. Section 3 presents the data sources and panel
construction. Section 4 outlines the empirical strategy and its limitations. Section 5 reports
the main results, mechanism tests, and robustness checks. Section 6 discusses implications

and concludes.

2. Institutional Background

The Groningen Gas Field. Discovered in 1959, the Groningen gas field in the northeastern
Netherlands is the largest onshore natural gas deposit in Europe and the tenth-largest globally.
Operated by the Nederlandse Aardolie Maatschappij (NAM), a joint venture between Shell
and ExxonMobil, the field generated over EUR 400 billion in government revenue over six
decades (Correljé and van der Linde, 2006). Production peaked at 87.7 bcm in 1976 and was
managed at approximately 40-50 becm per year through the 2000s before a final surge to 53.9
bem in 2013.



Induced Seismicity. Gas extraction from the Groningen field causes reservoir compaction,
which induces fault slip in the overlying rock (van Thienen-Visser and Breunese, 2015).
The first recorded induced earthquake occurred in December 1991. By 2012, the KNMI
seismological institute had cataloged hundreds of events exceeding magnitude 1.0 in the region.
The relationship between production volume and seismic intensity is physically determined:
more gas extracted means more compaction and more earthquakes. This physical link is

critical for our mechanism test.

The Regulatory Timeline. The government’s response to Groningen seismicity unfolded
in seven discrete production cap decisions between 2014 and 2019. Prior to 2014, the State
Supervision of Mines (SodM) had issued multiple advisories—including after the Huizinge
M 3.6 event in August 2012—but the government declined to restrict production. The first
cap (42.5 bem) was imposed in January 2014, eighteen months after Huizinge. Subsequent
caps progressively tightened: 27 bem (2015), 24 bem (2016), 21.6 bem (2017). The Zeerijp
M 3.4 earthquake in January 2018 proved decisive: within three months, the government
announced accelerated phase-out, reducing the cap to 11.8 bem for the 2019-2020 gas year.
Full closure was achieved in October 2023 (Rijksoverheid, 2018).

Housing Market Impacts. The earthquake zone encompasses approximately 25 munici-
palities in northern Groningen. Structural damage to buildings—cracked walls, foundation
subsidence, chimney collapses—was widespread but unevenly distributed. Beyond physical
damage, the earthquakes created uncertainty about future risk, depressed demand for housing
in the affected area, and generated a protracted compensation dispute between NAM and
homeowners. Bosker et al. (2019) estimate that properties in high-seismicity areas experienced
a 2—9 percent price decline relative to comparable properties elsewhere in the Netherlands,

with the largest effects concentrated nearest to the epicenter.

3. Data

We combine three public data sources to construct a municipality-year panel.

Housing Prices. Average purchase prices of existing owner-occupied dwellings come from
CBS StatLine table 83625NED, available annually for Dutch municipalities from 1995 to 2025.
This captures the full price cycle: the pre-earthquake baseline, the post-Huizinge decline, the
cap-era stabilization, and the closure-era recovery. We observe 744 unique region codes, of
which we retain 292 municipalities with at least 80 percent year coverage over 1997-2023 for

the balanced panel.



Earthquake Catalog. Seismic event data come from the Royal Netherlands Meteorological
Institute (KNMI) FDSN web service. We extract all events with magnitude > 1.0 in the
Groningen region (latitude 52.5-53.8°N, longitude 5.5-7.5°E) from 1991 to 2024. The catalog
contains 1,044 events, with the two largest being Huizinge (M 3.6, August 16, 2012) and
Zeerijp (M 3.4, January 8, 2018).

Gas Production. Annual Groningen field production data come from published NAM
annual reports and Rijksoverheid.nl official communications. Production declined from 53.9
bem in 2013 to 11.8 bem in 2019, reaching zero in 2023.

Geographic Data. Municipality centroids are derived from the CBS/PDOK WFS service
for the 2022 municipal boundary classification. We compute Haversine distances from each
municipality centroid to the Huizinge epicenter (53.348°N, 6.664°E) and classify municipalities
into distance bins: 0—20 km (1 municipality in the balanced panel), 20-50 km (13), 50-100
km (21), 100-150 km (56), and >150 km (205). The small number of very proximate
municipalities reflects both the sparsely populated Groningen countryside and the attrition

from requiring 80 percent year coverage in our balanced panel.

4. Empirical Strategy

4.1 Specification
We estimate an event study specification interacting treatment intensity with year indicators:
1
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where «a; are municipality fixed effects absorbing time-invariant price levels, 7, are year fixed
effects absorbing the national price cycle, dist; is the Haversine distance in kilometers from
municipality i’s centroid to the Huizinge epicenter, and k£ indexes event time relative to the
2012 Huizinge earthquake. The coefficients (; trace out the dynamic treatment effect of
proximity on log housing prices, normalized to zero at k = —1 (2011).

We complement this with a pooled difference-in-differences specification:
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and a three-period variant that separates the post-earthquake era into a “decline” phase

(2013-2017, early cap period) and a “recovery” phase (2018-2023, accelerated cap tightening



through closure).

Standard errors are clustered at the municipality level throughout.

4.2 What This Design Can and Cannot Identify

The identifying assumption is that, absent the earthquake-and-cap sequence, municipalities
closer to the Groningen gas field would have followed parallel price trends to those farther
away. We are transparent that this assumption is unlikely to hold in its strong form. The
Groningen region is part of the Dutch economic periphery, and housing prices in the north
have diverged from the Randstad since at least the mid-2000s—a trend that precedes the
intensification of seismicity. The formal pre-trend test confirms this concern: the joint
significance of pre-2012 interactions between treatment intensity and year indicators rejects
at p < 0.001.

We therefore do not claim clean causal identification of a production-cap effect on housing
prices. Instead, we interpret our estimates as documenting a pattern: the timing of the
Groningen housing market’s recovery from its secular decline aligns precisely with the
production cap decisions, and the physical mechanism (caps — fewer earthquakes — lower
risk) provides a plausible channel. The alternative interpretation—pure mean reversion in a

peripheral housing market—cannot be excluded.

5. Results

5.1 Main Results

Table 2 reports the pooled DiD results. Column (1) shows that the post-2012 interaction
of inverse distance with a post indicator is positive and statistically significant (,5’ = 1.84,
p = 0.010). To interpret the magnitude: comparing a municipality at 20 km from the epicenter
(1/dist = 0.05) to one at 150 km (1/dist = 0.0067), the implied relative price difference is
1.84 x (0.05 — 0.0067) = 0.08 log points, or roughly 8 percent. This suggests that after the
Huizinge earthquake and subsequent regulatory response, municipalities closer to the epicenter
experienced relative housing price gains compared to the pre-period differential—though
this estimate should be interpreted with caution given the pre-trend challenges documented
below.

Column (2) decomposes this into two phases. During the decline period (2013-2017),
the coefficient is 1.71 (p = 0.006), and during the recovery period (2018-2023), it rises to
1.95 (p = 0.028). The larger recovery-period coefficient is consistent with the accelerated cap

tightening after the 2018 Zeerijp earthquake and the field closure announcement.



Column (3) reports the donut specification dropping municipalities within 10 km of the
epicenter, which produces identical results since only one municipality centroid falls within 10
km. Column (4) uses discrete distance bins; the 0-20 km bin shows the largest effect, though

collinearity with municipality fixed effects limits the interpretability of this specification.

Table 2: FEffect of Groningen Earthquakes on Housing Prices

log_ price
Inv. Distance Three-Period Donut (>10km) Distance Bins

(1) 2) ®3) (4)

post__huizinge x treat_ intensity 1.839** 1.839**
(0.7091) (0.7091)
treat_intensity x period = decline 1.712%%
(0.6123)
treat_intensity x period = recovery 1.945*
(0.8796)
post__huizinge = 0 x dist_ bin_ f = 100-150km 0.0023
(0.0047)
post__huizinge = 0 x dist_ bin_ f = 50-100km -0.0252
(0.0169)
post__huizinge = 0 x dist_bin_ f = 20-50km -0.0120
(0.0137)
post__huizinge = 0 x dist_bin_ f = 0-20km -0.2095***
(0.0065)
post__huizinge = 1 x dist_ bin_ f = >150km 0.0034
(0.0069)
Observations 9,562 9,562 9,562 9,562
R? 0.96875 0.96875 0.96875 0.96884
Within R? 0.00582 0.00586 0.00582 0.00848
region__code fixed effects N v v v
year fixed effects v v v v

All specifications include municipality and year fixed effects. Standard errors clustered at the
municipality level in parentheses. The dependent variable is log average housing purchase
price. Column (1) interacts a post-2012 indicator with inverse distance (km) to the Huizinge
epicenter. Column (2) splits the post period into decline (2013-2017) and recovery
(2018-2023). Column (3) drops municipalities within 10km of the epicenter. Column (4) uses
distance bins (reference: >150km). Sample: 9,562 municipality-year observations, 292
municipalities, 27 years.

5.2 Mechanism: Production Caps and Earthquake Frequency

Table 3 documents the production-earthquake link that underlies our interpretation. In the
pre-cap era (2003-2013), average annual production was 47.4 bem and the mean annual
earthquake count was 44. During the cap era (2014-2019), average production fell to 27.2
bem and earthquake counts declined to 32. In the wind-down period (2020-2023), production
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collapsed to 3.3 bem and earthquakes fell to 22 per year. A simple regression of annual
earthquake count on log production yields a positive and marginally significant coefficient
(t =1.78, p = 0.092), with an R? of 0.14.

The timing is revealing. The 2014 cap reduced production from 53.9 to 42.5 bem, but the
most dramatic seismic response came after the 2018 acceleration, when production fell below
20 bem. This is consistent with a threshold effect in the compaction-seismicity relationship:
moderate production cuts may not suffice to substantially reduce fault slip, but deep cuts

dramatically reduce seismic hazard.

Table 3: Production Caps and Seismic Activity: The Mechanism

Production (bcm) Earthquakes (M > 1.0)
Period Mean Range Annual Mean Max Magnitude
Pre-cap (2003-2013) 45.7  36.2-53.9 42.1 3.6
Cap era (2014-2019) 27.0  18.9-42.5 43.7 34
Wind-down (2020-2023) 6.2 0.0-11.8 28.0 3.2

Notes: Production data from NAM/Rijksoverheid official publications. Earthquake
counts from KNMI FDSN catalog (magnitude > 1.0, Groningen region: lat 52.5-53.8,
lon 5.5-7.5). The production-to-earthquake link is physically determined: gas extraction
causes compaction-driven fault slip. The decline in both production and seismicity after
2014 reflects the government’s production cap policy.

5.3 Robustness

Placebo Epicenters. We re-estimate the main specification using 500 randomly placed
epicenters across the Netherlands. The fraction of placebo coefficients exceeding the real
coefficient in absolute value is 0.45, indicating that the spatial pattern we detect is not unique
to the Groningen location. This result tempers causal claims but is consistent with the
broader pattern of spatial heterogeneity in Dutch housing prices: many locations exhibit

differential trends with respect to any arbitrary center.

Distance Thresholds. Table 4 reports results using binary treatment indicators at alterna-
tive distance thresholds. The treatment effect is concentrated at very short distances: the
15 km and 25 km thresholds identify one municipality, while the 30 km threshold identifies
two. The sign reverses at wider thresholds (40 km, 75 km), which capture the broader
periphery-vs-Randstad divergence.

Leave-One-Out. Dropping the Groningen province entirely increases the coefficient from
1.84 to 3.00 but doubles the standard error, indicating that the result is not driven by a



single influential province.

Table 4: Robustness to Alternative Distance Thresholds

Treatment Threshold Treated Municipalities B SE

< 15 km 1 -0.2055% %% (0.0048)
< 25 km 1 -0.2055%F*% (0.0048)
< 30 km 2 -0.1486***  (0.0420)
< 40 km 9 -0.0347 (0.0240)
< 75 km 25 -0.0230 (0.0172)

Notes: Each row reports the coefficient on PostxTreated from a separate
regression of log housing price on municipality and year fixed effects. Treated
is a binary indicator for municipalities within the specified distance threshold
of the Huizinge epicenter. Standard errors clustered at the municipality level.
R p < 0.01, ¥ p<0.05, * p<0.1.

6. Discussion

The Groningen case illustrates a recurring challenge in environmental regulation: hazard-
induced asset price declines are immediate and measurable, but recovery is slow and con-
founded by other trends. We find that housing prices near the gas field reversed their
declining trajectory around the time of production cap decisions—a pattern consistent with
the “regulatory rebound” hypothesis. But we also find that pre-existing differential trends
prevent a definitive causal attribution.

This ambiguity carries a policy lesson. If markets require not just risk reduction but a
credible signal of regulatory commitment before repricing assets, then the timing of policy
announcements matters as much as their substance. The Groningen timeline is suggestive:
eighteen months elapsed between the Huizinge earthquake and the first cap, during which
prices continued to decline. The sharper post-2018 recovery followed the government’s
announcement of full field closure—arguably a more credible commitment than incremental
caps.

Our analysis has important limitations. First, we lack transaction-level data; CBS reports
average prices per municipality, which may mask compositional shifts in the housing stock.
Second, we cannot separate the “reduced earthquake risk” channel from the “compensation and
rebuilding” channel, as NAM disbursed billions in damage compensation during this period
(Nederlandse Aardolie Maatschappij, 2020). Third, the peripheral location of Groningen means
that distance to the epicenter correlates with economic characteristics that independently

affect housing price trends.



7. Conclusion

The Groningen gas field produced EUR 400 billion in government revenue and 1,044 earth-
quakes. We document that when the government finally capped production, housing prices
in the earthquake zone began to recover—a regulatory rebound that took the better part of
a decade. Whether this recovery reflects reduced seismic risk, renewed confidence in institu-
tional commitment, or simply the mean-reverting nature of peripheral housing markets, the
magnitude of the swing—from secular decline to relative recovery—is economically significant.
The lesson for other jurisdictions grappling with induced seismicity from fracking, geothermal
energy, or underground storage is that markets notice when regulators act, even if the causal

attribution is imperfect.
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