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AR Recon: Improving Forecasts of Landfalling Atmospheric

Rivers on the US West
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Research Questions

How do AR Recon dropsondes modify AR 45°N
initial conditions? 40°N

PLAN VIEW: AR and essential structures
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Model and experiment seip

Approximate mesh resolution (km)
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2026 North Pacific IOP water vapor transport composite

Composite mean of IVT magnitude (kg m-'s-') using 43 IOP dates
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2026 North Pacific IOP water vapor transport anomalies

Composite mean anomaly (kg m™'s) w. r.t. ERA5 DJFM cllmatology
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Summary of dropsonde distribution and sensitivity QPF metrics
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AR Recon IOP01: December9a PNW AR
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Impacts on IVT at initial time

IVT Difference: MPAS wdrop - ndrop
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More IOPs-Dropsonde impacts on IVT magnitude at IT
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|IOP26: Impacts on IVT forecasts, initial time 00Z 7 Feb 26, f048
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Summary on IVT forecasts— % skill change using MAE

MAE % change relative to ndrop

Verification region: NEPC Northeast Pacific
IVT MAE % Change by Forecast Hour
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Summary on IVT forecasts— % skill change using MAE

Verification region: MIDDLE

IVT MAE % Change by Forecast Hour

Il

10.0 ¢

Not published

MAE % change relative to ndrop

? ? Preliminary

k| L] L]
B e S S T S S e L A e
O 0.0 D @ > ® © AV AR DS PO R AX D O A D XD O D AX S O
NN MR GT 08 @T AT AT & O 070 R KV NI R T AN R0 RO N VTR A D A DAY Y

Forecast hour



Summary on IVT forecasts— % skill change using MAE

Verification region: EAST

IVT MAE % Change by Forecast Hour
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Summary on IVT forecasts— % skill change using MAE

MAE % change relative to ndrop
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Summary on IVT forecasts— % skill change using MAE

Verification region: SOUTH

IVT MAE % Change by Forecast Hour

T

] e
2.51

o.o:;%étlill gl Ll H ;
e T W | T s

=

=

1

LT
I

MAE % change relative to ndrop

-5.0

-7.51

] .
-0 -7 7T7— 77T 77771 —+—+H—1 —



|OP36-Feb 22

Are the downstream impacts physical? Case 2:

Difference

IVT Difference: MPAS wdrop - ndrop
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: Hovmoller diagram FO00-F240
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Case 2: Hovmoaller diagram FO00-F240

WithDROP-NoDROP MAE Change
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Ongoing and future work

4 )
1. AR Recon 2026 all-IOP exp. summary (drops, drifters, WindBorne)

2. MPAS-JEDI sensitivity experiments (optimal use of dropsonde data)

3. Ensemble observational impacts (promising preliminary results!)
- J
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Questions can be directed to:
Minghua Zheng (email:
mzheng@ucsd.edu
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Open question: when perturbations reach coastal regions

Real challenge: discontinuity

Ocean — Land contrast

Mean sea level — High terrains (e.g., >2 km over
Olympics Mts)

Will the "correct perturbations” still be correct over
land? Over mountains?



Case 2: Hovmoaller diagram FO00-F240
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Highlighted finding 1: Data gaps within & near ARs
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Impact on initial conditions: WithDROP — NoDROP (changes due
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Impacts at forecast time FO06

IVT Difference: MPAS wdrop - ndrop

IVT Absolute Error Change: |[wdrop-ERA5| - |ndrop-ERAS5|
Init: 00Z 09 Dec 2025 Valid: 06Z 09 Dec 2025 FO006

Init: 00Z 09 Dec 2025 Valid: 06Z 09 Dec 2025 FO006

Degrade
120 60
100 50
80

'S
<)

30

T T
[ [3%]
o O

T
o

N

(=}
IVT Difference [kg m~* s71]
Abs. Error Change [kg m~! s~1]

F-10

-40 F-20

60 -30

-80 -40

100 -50

. 120 N ' 60

. |Domain mean |wdrop - ndrop| = 1.7 kg m~1 s-1|~ . |Domain mean Alerror| / mean |ndrop - ERA5| = -3.2%|~ |mpr0ve
PT0W  150°W  140°W  130°W  120°W  110°W  100°W PT0OW  150°W  140°W  130°W  120°W  110°W  100°W



Impacts at forecast time F012

IVT Difference: MPAS wdrop - ndrop IVT Absolute Error Change: |[wdrop-ERA5| - |ndrop-ERAS5|
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Impacts at forecast time F018

IVT Difference: MPAS wdrop - ndrop IVT Absolute Error Change: |[wdrop-ERA5| - |ndrop-ERAS5|
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Impacts at forecast time F024

IVT Difference: MPAS wdrop - ndrop

IVT Absolute Error Change: |[wdrop-ERA5| - [ndrop-ERAS5|
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|OP 02 and IOP 03
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Why degradation occurs at initial time?

z (km)

In short: data assimilation system is suboptimal.

Reasons:

1. MPAS JEDI background error covariance
model (BUMP) needs to be improved.

2. Ensemble has flaws.

3. Pure 3D EnVar treats all obs at the center
analysis time.

z (km)

verification cross section: qv; top level = 162.9 hPa

qv: wdrop - ndrop; top level = 162.9 hPa

124

Single dropsonde assimilation experiment

104

0 50 100 150 200 250

absolute error change: |wdrop - verification| - [ndrop - verification|; top level = 162.9 hPa

z (km)

0.004825 0.006030

qv

0.000004 0.001209 0,00%620 0.009646

0.002415

0.007236 0.008441
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T T T
—-0.673 0.000 0.673
uReconstructMeridional absolute-error change

1.345 2.018 2.691

—2.691

—-2.018 —1.345
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