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A Experimental Design and Implementation

A.1 Sample Recruitment and Construction
Figure A.1: Experimental sample ow and GPS analysis panel construction

72,076
Active GPS-tracked subscriptions

40,701
Recruitment frame

10,491
Baseline records

6,621
Randomisation sample

6,596
Final six-arm randomised sample

6,451
GPS analysis panel

Notes: Counts are vehicles. The recruitment frame applies the passenger-four-wheeler, owner-driver, tracking-history,
geographic, and non-pilot restrictions to active subscriptions. Baseline records comprise completed baseline surveys
before the nal respondent and GPS eligibility restrictions. The 25 drivers whose incentivised choices were implemented
were removed before the second-stage Reminder versus No-Reminder randomisation. The GPS analysis panel comprises
vehicles in the nal six-arm randomised sample observed at least once in the cleaned GPS data between 17 November

2025 and 22 August 2026.



A.2 Treatment Materials

A.2.1 Private Information

Figure A.2: lllustrative Private Info treatment message

Falcon-i Weekly Driving Tip

For [Plate No.], [Make and Model]
Dear [Driver Name],

Early-2000s engines don't need warm-up. Drive sooner to waste less fuel & cut engine wear (US
EPA).

You can reduce engine wear & save fuel if you turn your engine o for stops longer than 10 sec
while driving (US EPA & DOE).

In recent weeks, you spent 103 min per week (Mon{Sat) with your engine on during stops longer
than 30 sec.

Save about Rs 8 on fuel for each min you cut from 103. Max weekly savings are Rs 864. That's Rs
3456 per month.

Notes: The gure reconstructs the participant-facing Private Info message from the nal implementation script.
Identifying elds are shown as placeholders; numerical elds reproduce the values generated for a driver with the
median weekly idling benchmark in the treatment-delivery data. Messages were delivered through the partner's mobile
app, WhatsApp Business account, and o cial email platform.



A.2.2 Social Information

Figure A.3: lllustrative Private & Social Info treatment message

Falcon-i Weekly Driving Tip

For [Plate No.], [Make and Model]

Dear [Driver Name],

Early-2000s engines don't need warm-up. Drive sooner to waste less fuel, pollute less & cut engine
wear (US EPA).

You can reduce engine wear, save fuel & release [e€9©, if you turn your engine o for stops
longer than 10 sec while driving (US EPA & DOE).

In recent weeks, you spent 101 min per week (Mon{Sat) with your engine on during stops longer
than 30 sec.

Save about Rs 8 on fuel for each min you cut from 101, & help lower environmental harm (e.g.,
oods, heat) worth about Rs 3. Max weekly savings are Rs 1186. That's Rs 4744 per month.

Engine-on stops emitPM2.5, a pollutant that cuts the average Pakistani's life by 3.3 years (Univ
of Chicago).

Tailpipe CO » adds to ooding Tailpipe PM 25 shortens lives

Notes: The gure reconstructs the participant-facing Private & Social Info message from the nal implementation
script. Identifying elds are shown as placeholders; numerical elds reproduce the values generated for a driver with
the median weekly idling benchmark in the treatment-delivery data. Messages were delivered through the partner's
mobile app, WhatsApp Business account, and o cial email platform.



A.2.3 Payments and IdleGuard

Figure A.4: lllustrative Private & Social Info + Pay + Reminder treatment message

Falcon-i Weekly Driving Tip

For [Plate No.], [Make and Model]
Dear [Driver Name],

Early-2000s engines don't need warm-up. Drive sooner to waste less fuel, pollute less & cut engine
wear (US EPA).

You can reduce engine wear, save fuel & release [e€9©, if you turn your engine o for stops
longer than 10 sec while driving (US EPA & DOE).

In recent weeks, you spent 100 min per week (Mon{Sat) with your engine on during stops longer
than 30 sec.

Save about Rs 8 on fuel for each min you cut from 100, & help lower environmental harm (e.g.,
oods, heat) worth about Rs 4. Max weekly savings are Rs 1179. That's Rs 4716 per month.

For each min you cut from 100 this week (Mon{Sat), we can pay you Rs 4. Max payment for this
week: Rs 400. Paid next Mon.

If you forget, IdleGuard can remind. It beeps at 30 sec, then every 30 sec, to remind you to turn
o the engine if your stop is still over 30 sec.

Engine-on stops emitPM,.5, a pollutant that cuts the average Pakistani's life by 3.3 years (Univ
of Chicago).

Tailpipe CO , adds to ooding Tailpipe PM 25 shortens lives

Notes: The gure reconstructs the participant-facing week-one Private & Social Info + Pay + Reminder message
from the nal implementation script. Identifying elds are shown as placeholders; numerical elds reproduce the
values generated for a driver with the median weekly idling benchmark in the treatment-delivery data. Messages were
delivered through the partner's mobile app, WhatsApp Business account, and o cial email platform.



B Data Construction

B.1 Engine Status and Movement Classi cation

Ping-level idling classi cation. In the raw ping-level data, | initially classify a ping as candidate

idling when the vehicle's ignition status is on and its recorded speed is zero. | then address two
potential measurement concerns. First, because ignition status records whether the vehicle's ignition
circuit is powered rather than directly whether the engine is running, | validate it using tracker-
recorded battery voltage. Second, because a recorded speed of zero does not guarantee that the
vehicle remained stationary between consecutive pings, | use GPS displacement to identify and
reclassify false positives arising from slow movement.

Battery-voltage validation. The GPS tracker records a binary ignition-status eld indicating
whether it detects the vehicle's ignition circuit as active. | use this eld as a proxy for whether the
engine is running. A potential concern is that the ignition circuit could remain active while the
engine is o, for example when a vehicle is in accessory mode. | validate the interpretation of the
ignition-status eld using battery voltage recorded independently by the tracker.

Figure B.1 compares battery-voltage distributions across three mutually exclusive tracker states:
ignition o, ignition on while moving, and ignition on while stationary. Moving ignition-on pings
provide a benchmark in which the engine is known to be running. The voltage distribution for
stationary ignition-on pings closely resembles that of moving ignition-on pings and di ers sharply
from the ignition-o distribution. In particular, both ignition-on distributions are concentrated
in the higher charging-voltage range, whereas ignition-o observations are concentrated at lower
voltage.

Table B.1 examines whether xed battery-voltage cut-o s provide a viable alternative engine-state
classi cation. Battery voltage is observed for 99.5% of pings classi ed as idling. Depending on
the cut-o, voltage screening retains 78.8{85.6% of idling pings and 78.0{84.9% of measured idling
minutes. These excluded shares cannot, however, be interpreted as accessory-mode contamination.
The same cut-o s also exclude 4.8{10.5% of moving pings, even though the engine must be running
while the vehicle is moving. Low voltage therefore does not provide a reliable stand-alone indicator
that the engine is 0.

Taken together, the battery-voltage evidence validates the ignition-status eld as the engine-
on measure. Stationary ignition-on observations closely resemble known engine-running moving
observations and di er sharply from ignition-o observations. Because universal voltage cut-o s also
exclude genuine engine-running observations, | use battery voltage to validate rather than replace
the ignition-status measure.

GPS displacement and slow-movement correction. A recorded speed of zero does not
necessarily imply that a vehicle remained stationary between consecutive pings. In slow-moving



Figure B.1: Battery voltage by ignition and movement state

Notes: The gure uses ping-level GPS tracker data from the twelve pre-treatment study weeks. Each distribution is
normalised separately and reports the share of pings within 0.1-volt bins. Ignition on, moving consists of pings for
which ignition status equals one and recorded speed is positive. Ignition on, stationary consists of pings classi ed
as idling under the GPS-adjusted idling de nition. The vertical dashed lines mark the alternative battery-voltage
cut-o s of 12.8, 13.0, and 13.2 volts examined in Table B.1.

Table B.1: Validation of ignition status using battery voltage

Minimum battery voltage Idling pings retained Idling minutes retained Moving pings excluded
12.8 volts 85.6% 84.9% 4.8%

13.0 volts 82.6% 81.9% 6.3%

13.2 volts 78.8% 78.0% 10.5%
Battery-voltage availability among idling pings 99.5%

Notes: The table uses ping-level GPS tracker data from the twelve pre-treatment study weeks. Idling pings
retained is the share of voltage-observed pings classi ed as idling whose recorded battery voltage is at or above
the indicated cut-o . Idling minutes retained is the corresponding share of measured idling duration. Moving
pings excluded is the share of ignition-on pings with positive recorded speed whose battery voltage falls below the
indicated cut-o . Because the vehicle is moving in these observations, they provide a benchmark in which the
engine is known to be running. Battery-voltage availability is the share of all pings classi ed as idling with a
recorded voltage between 8 and 18 volts.

tra c, for example, the tracker may report zero speed even when the vehicle moves between
observations. | therefore use GPS displacement to diagnose and correct potential creeping within
the speed-based idling classi cation.

To calibrate this correction, | use the rst complete week of high-frequency GPS data, 17{22
November 2025. For each pair of consecutive candidate-idling pings, | calculate the haversine
distance d between their recorded coordinates. Candidate-idling pairs are retained for this diagnostic



only when both pings have ignition status on and recorded speed equal to zero, belong to the same
vehicle and calendar date, and have valid GPS coordinates. This restriction excludes comparisons
that cross vehicle or date boundaries or rely on invalid location records.

Figure B.2 shows the distribution of displacement up to 50 metres. The sharp mass ad = 0
indicates that most candidate-idling pairs are genuinely stationary. Small positive displacements are
also common and may re ect ordinary GPS jitter rather than actual vehicle movement. | therefore
retain observations with displacement of no more than ve metres as idling. Displacements satisfying
5<d 25 metres are reclassi ed as movement because they are more consistent with slow rolling
or creeping. Values above 25 metres are not automatically reclassi ed: such large jumps are less
plausibly generated by creeping between consecutive candidate-idling pings and may instead re ect
GPS or telemetry anomalies.

Figure B.2: GPS displacement between consecutive candidate-idling pings

Notes: The gure uses ping-level GPS tracker data from 17{22 November 2025 and reports haversine distance between
consecutive candidate-idling pings up to 50 metres. Candidate-idling pings have ignition status on and recorded speed
equal to zero. Consecutive pairs are retained only when both pings belong to the same vehicle and calendar date and
have valid GPS coordinates. The distribution is measured before applying the GPS-based slow-movement correction.
Displacements of no more than ve metres are retained as idling, while displacements greater than ve and no more
than 25 metres are reclassi ed as movement.

Figure B.3 presents the full displacement distribution on a logarithmic scale. The transformation
makes both the dense near-zero region and the much thinner upper tail visible. The gure reinforces
the distinction between a narrow GPS-jitter band near zero and larger displacement values that are
more consistent with movement. The bounded correction uses this distinction without treating all
large GPS jumps as plausible creeping.
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Figure B.3: Full distribution of GPS displacement between consecutive candidate-idling pings

Notes: The gure uses ping-level GPS tracker data from 17{22 November 2025 and reports the log-transformed
haversine distance between consecutive candidate-idling pings before applying the GPS-based slow-movement correction.
Candidate-idling pings have ignition status on and recorded speed equal to zero. Consecutive pairs are retained
only when both pings belong to the same vehicle and calendar date and have valid GPS coordinates. The bounded
cleaning rule reclassi es displacements greater than ve and no more than 25 metres as movement; larger values are
not automatically reclassi ed.

Comparison with alternative idling de nitions. | next assess whether the GPS-based
correction materially changes measured idling. Using the same diagnostic week, | construct three
alternative vehicle-day measures of total idling duration. The rst uses the baseline ignition-and-
speed de nition, under which ignition-on pings with recorded speed equal to zero are classi ed as
idling. The second uses an ignition-and-GPS benchmark based on realised displacement rather than
recorded speed. The third is the preferred cleaned measure, which begins with the ignition-and-speed
de nition and reclassi es only candidate-idling observations with displacement satisfying 5<d 25
metres.

| compare total vehicle-day idling rather than average spell duration because alternative de nitions
may generate di erent numbers of detected spells. Vehicle-day totals therefore provide a common
outcome that is not mechanically a ected by variation in the number of spells.

Figure B.4 compares the ignition-and-GPS benchmark with the baseline ignition-and-speed
de nition. Observations are concentrated close to the 45-degree line, indicating that the speed-
based measure is highly aligned with the displacement-based benchmark. The GPS benchmark
nevertheless produces modestly lower idling totals on average, consistent with the ignition-and-speed
rule classifying some slow movement as idling.
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