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Zipline: Delivery,
at scale.

Autonomous electric delivery
Medicine. Meals. Groceries.

Low-altitude flight

0-500 ft above ground

Weather decisions

Reliable flights. Less downtime.

John Celenza
FPAW - October 28, 2026

= Zipline

FPAW - October 28, 2026
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Reliability comes at a downtime cost

Better forecasts should recover uptime at the same aircraft reliability.

Aircraft reliability T

Less restrictive

More conservative

Same reliability target

= Zipline

Weather downtime >

Current forecasts

Better forecasts

Conservative triggers
Catch more hazardous weather.

Also block safe missions.

Better forecasts
Recover safe missions at the

same reliability requirement.

FPAW - October 28, 2026



Better forecasts where we fly

0-500 ft AGL - wind primarily; icing and low cloud also matter

Wind speed & gusts Icing & cloud ceiling

Most disruptive. Ceiling is poorly forecast

Forecast severe events. at our altitude.

Frontal / synoptic winds: *easier. Anticipate supercooled liquid-water
Thunderstorms: the main challenge. exposure.

Proposed: assimilate our weather observations

Fleet + ground g Assimilation, better local g Local / regional models
weather data models Government CONUS: explore

Test forecast skill and recovered uptime at a fixed reliability target.
: Zipline FPAW - October 28, 2026 6



The thunderstorm challenge

FastEddy derecho simulation - 11 Aug 2026 - near DeMotte, Indiana

Pre-gust-front Gust-front passage Post-front cold pool 80 'm AGL - 16:23 UTC ’\
16:05-16:15 UTC 16:20-16: 30 UTC 16:40-16:50 UTC 11 Aug 2026 - 60 x 60 km
1000 %
» Dursheed: 16:23 UTC

800
s (0 A SRS o
2 400
200
V] 5 10 15 20 25 0 5 10 15 20 25 ] 5 10 15 20 25
Mo s LB O PSRy & R F R 23.04 m/s
16:23 UTC at 80 m AGL
Will it form? Where? Characterize Turbulence in each part?

: Zipline FPAW - October 28, 2026 7
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Low-Altitude Predictions for Part 121 Operations

Lessons Learned & Persistent Gaps

—— S potential
» o reasonable
a low chance (20% chance)
certainly possibility.

FEXLAB-Co | Iege of DuPage R

NEXR
[dBz1

-

90

Chance of
threshold
exceedance

Predicting low-altitude weather and predicting low-

altitude operating environment are not the same L
Favor.a'ble _outcomes occur when forecast in!tial * How do we communicate forecast risk, likelihood, and uncertainty, while
conditions include operational thresholds and constraints still giving operators enough confidence to make decisions?

Example: Landing RWY 13L - AAR drops from 36 to 28 * How are these forecast attributes used in highly-autonomous operations?

* What are the contingency strategies?
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Prediction Performance, Trust, Value






What does 1t mean for a forecast to be good?



What does 1t mean for a forecast to be good?

Is 1t capable of being good? Is 1t actually good?



What does 1t mean for a forecast to be good?

Is 1t capable of being good? Is 1t actually good?
What information 1s being provided?

How 1s the information being provided?

Can the information be provided 1n a timely manner?

How expensive 1s it to provide the information?



What does 1t mean for a forecast to be good?

Is 1t capable of being good? Is 1t actually good?




Is 1t capable of being g Is 1t actually good?

What information 1s beig@provided? Does it capture, e.g.,

Intensity of event?

Location of event?

Can the 1nf ' provided 1 a timely manner? Timing of onset of event?

Duration/timing of cessation of event?

Translation of weather to operational disruption?



Forecast Uncertainty
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Determinstic Forecast
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Probabilistic Forecast




Forecast Scenarios
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Advanced Forecasts, Constraint Translations, and Decision Models for Improved ATM given Weather Uncertainty, 2020 AMS Annual Meeting, Boston MA
M. Robinson (MITRE), T. Niznik (AA), John Williams (TWC), Christine Taylor (MITRE)

Impact Response Prediction:
LGA GDP Forecast

User Experience

(Human-Machine Teaming)

| 24|

Ensemble
Weather Forecasts

Capacity Impact
Prediction

Impact Response
Prediction

Economic Risk
Model / Predicti

Risk Optimized
Decision Strategy
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+ Wind Direction, Gust,
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© 2020 The MITRE Corporation. All rights reserved.

Higher-End Constraint (75%)
vaLID[aarR|MC]  WIND  [DELAY

7 il s

Moderate Constraint (50%)
vaLD[aarR[MC]  WIND  [DELAY

[11Z |40 [V 25011G18KT | © |
(127 |[40 |V 26011G1GKT | 10 |
[13Z |[40 [V 26011G18KT | 10 |
[14Z |[40 [V 25012G20KT| 5 |
[15Z |40 |V 25012G21KT| & |
[18Z |40 [V 26013G23KT| &5 |
[17Z |[40 [V ET017G20KT| 5 |
[18Z |[40 [V 28017G32KT| & |
(102 |[40 [V 20018G32KT| 15 |
[20Z |[40 [V 20018G31KT| 5 |
[21Z |[40 [V 30017G30KT | 10 |
(227 |[40 [V 30017G20KT| 5 |
23z |[40 |V 30017G30KT| 5 |
[00Z |40 [V 30017G20KT| & |
[01Z |40 [V 20018G2EKT| & |
[02Z |[40 |V 30015626KT| 10 |
[03Z |40 [V 20015625KT | 10 |
047 | 36 | W |30014G24KT| 5

DSZ | 36 | v |30014G23KT, O

DBZ | 36 | v |31013G22KT O

O7Z | 36 | v |31013G22KT, O

DEZ | 36 | v |30012G21KT, O

DBZ | 36 | v |20011GZ0KT, O

10Z | 26 | V |30010G1TKT| O

Lower-End Constraint {25%)
VALID[AAR[MC|  WIND _ |DELAY

(112 [40 [V 24010G1TKT | © |
(122 [40 [V 26011G12KT | 10 |
[13Z (40 [V 25011G19KT | 10 |
(142 (40 [V Z5011G20KT | & |
[16Z (40 [V 25012G21KT| & |
[18Z (40 [V 26012G24KT | & |
[17Z [40 [V Z7018G31KT | & |
[18Z [40 [V 28018G34KT | & |
(182 (4D [V 28018G34KT | 15 |
[20Z [40 [V 20017831KT| 5 |
[21Z |[40 [V Z9017G20KT | 10 |
(227 (40 [V 20017G20KT 5 |
23z [40 |V 20017G30KT | & |
[DOZ (40 [V 30017G30KT & |
[01Z (40 [V 20017G28KT & |
o2z [ 40 |V 20015G26KT | 10 |
02Z | 36 | V |30014G23KT| 10
04Z | 36 | V |30014G24KT| &
05Z | 36 | W |31014G24KT| 0
0BZ | 36 | V |31013G23KT| 0
07Z | 36 | V |31013G22KT| O
08Z | 36 | V |30012G21KT| O
0BZ | 36 | V |ZBOTIGIEKT| O
10Z | 36 | W |30010G17KT| O
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OSSE Results (Observing System Simulation Experiments)

Temperature Wind
“HRRR” temperature errors
maximized around 800 hPaand ;
wind errors maximized in the E
mid/upper troposphere. d
15km-135km-12hr
oss O';iap RMS[:;(SK) o0 oss ! UGRD_\/zéRD VECTiaMSE(m/Bs')0 >

15km-335km-2hr

b) i c) i d) \
l l 1 i
|
| !
! 1
! 1

More often is better than from more
stations, despite assimilating the
same number of profiles per day

Ej

1 1
-20 0 -20 -10 0 -20 0 0 100 200
temperature (%) specific humidity (%) wind (%) mean profiles per hour




All Often
CIN Depth and NWS Survey
. op oy Fire
CIN: Convective Inhibition Flood m
Hurri
Cohen's D N urricane
015 0.20 025 0.30 0.35 S | Severe thunderstorm
' ' : ' S
‘S| Lake effect snow
MLCDaass Q . e e s
MLCAPE __ | Winter precipitation
MUCAPE S | Air quality
c
SBCAPE .g Blowing dust
MLCD: RS Icing
MLCIN s
MUCD o < Temperatures
SBCDoas Turbulence
MUCD: . Visibility
SBCD.c
MUCIN Waves
SBCIN Winds «
ﬁ 1'n zln 3n qn 5n .M Based on Mean Priority Score

B Temperature profile in mixed precipitation
n Hydrometeor type in winter
BRI Radar gaps

n Near-storm vertical wind profile
“ Ground conditions for flooding

Winter phenomena dominate the
phenomena that are difficult to
forecast because of data gaps.

Significantly Good Differences

MLCD,;,=Mixed-layer CIN depth

CIN depthis the best discriminator
between environments that support deep
convection initiation from those that don’t.



What’s Changed, What May FPAW Be Underserving

Applied (Tested and Demonstrated) Science and Technology

Metro Weather T
GuardianWind LIDAR  "iontis VWeather
Obs Station
- (MWOS)
M 2 —_—
i @uereo
. . » - Ct

-

Oklahoma launches 3D Mesonet system to improve
weather forecasts

UAS Data Assimilation Impacts: Mesoscale Flows

Drainage

19 June Drainage Flow Case

Impact of UAS DA

+ Captures transition to up-canyon flow @ 09 LT

« Excellent timing of wind shift in ensemble mean

« Southerly flow captured with UAS DA but not
as strong as observed.

« Biasesin T & MR removed for 5 hours.
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Courtesy of NCAR

HOW ZIPLINE TURNED ITS
AIRGRAFT INTO FLVING
WERTHER STRTIONS

Zipline collects real-time weather data from an unexplored portion of the airspace. At scale, more
accurate weather predictions could change how we fly in the skies and live on the ground.

JOULES 9-18 hr forecast, 25-m winds, complex environment

velocity (mis) velocity (m/s)

o »

JOULES windspeed, z=4.5m (21jun 2025, 09:00 LT)

HRRR windspeed, 2=0.0m (21jun 2025, 09:00 LT)

bongitude longitude

JOULES REAL-TIME, integrated, meters-scale visibility / wind / turb forecasts

.

_ T

 CRis

Al-powered
weather forecasts




How Can JOULES FORECAST Advance Low-Altitude
Aviation Missions and Ecosystems?

JOULES Forecast: transforms and physically downscales coarse (unrepresentative)
mesoscale / global NWP input into REPRESENTATIVE REAL-TIME

microscale constraint prediction
- 25 m resolution .

[ — JOULES windspeed, z=4.5m (21jun 2025, 09:00 LT)

HRRR windspeed, z=0.0m (21jun 2025, 09:00 LT)

9 - 18 hr forecast, valid
9AMto 6 PM LT, 21 Jun 2025

120 1 a2 7 -120.00
longitude longitude

© 2026 Aeris LLC. All Rights Reserved. 30



Near-Surface Boundary Layer CAN BE

More Contained Modeling Problem
Opportunity for Significant Increase in Expansive, Hyperlocal Weather Intelligence

Wind Speed (mph) | k=0 | average over 21 steps (5700-6900 5)
32.0 km x 29.1 km (64045823 cells)

JOULES 5-meter surface winds - Entire City of Raleigh (3 PM)
39.2 MILLION grid points, among 2.8M urban obstacles

Wind Speed (m/s) | k=0 | average over 21 steps (5700-6900 s)
32.0 km x 29.1 km (6404x5823 cells)
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JOULES 5-meter Wet Bulb Globe Temp (WBGT)
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