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How do AR Recon dropsondes modify AR 
initial conditions?

Research Questions PLAN VIEW: AR and essential structures

CROSS SECTION: Along transect B-B’

Real case
Jan 10, 2023 
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How do they affect AR and downstream 
winter storm forecasts? 

Why do forecasts improve or degrade?

Dropsondes

AR Recon samples 
ARs & essential 
atm. structures

Analysis / initial
conditions

Modify initial state 
& create analysis 

increments

AR Forecasts 
& QPF

Impacts on AR 
evolution & heavy 
precip. forecasts

Why improvement 
or degradation 

occurs
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Model and experiment set-up

NCAR Model for Prediction Across Scales (MPAS)
Joint Effort for Data Assimilation Integration (JEDI) DA framework

Zheng et al. 
(2026, MWR, 
in revision)

3DEnVar, 60–15-km variable mesh, 
55 levels, 30 km model top
Assimilate: conventional data, satellite derived 
wind and radiance, GPS Radio Occultation
Initial time: 42 IOPs + IOP00 (Dec 4, 2025)

W/ Drop   
Data

W/O Drop
Data

Figure source: Ice Age Character Scrat

Differences represent impacts 
from AR Recon data



2026 North Pacific IOP water vapor transport composite

Composite mean of IVT magnitude (kg m-1 s-1)  using 43 IOP dates

Figure credit: Zhenhai Zhang (UCSD/SIO/CW3E)



2026 North Pacific IOP water vapor transport anomalies

Composite mean anomaly (kg m-1 s-1)  w.r.t. ERA5 DJFM climatology 

Figure credit: Zhenhai Zhang (UCSD/SIO/CW3E)



Summary of dropsonde distribution and sensitivity QPF metrics

Heatmap figure credit: 
Jia Wang (UCSD/SIO/CW3E)



AR Recon IOP01: December 9 –a PNW AR
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M. Zheng, et al., 2026, 
in-prep for JHM



Impacts on IVT at initial time

Improve

Degrade



Improve

More IOPs –Dropsonde impacts on IVT magnitude at IT

IOP26 IOP36 IOP42

IOP08 IOP09 IOP13



Created by M Zheng (CW3E)

IOP26: Impacts on IVT forecasts, initial time 00Z 7 Feb 26, f048

Wdrop NoDROP WithDROP Error

NoDROP Error WithDROP-NoDROP Abs. Err. Change

Improve

Degrade

• 15.0% MAE reduction
• 4.8% improvement in spatial corr.
• Bias reduced from 7.22 to 0.89 kg m⁻¹ s⁻¹



Created by M Zheng (CW3E)

Impacts on QPF – initial time 00Z 7 Feb 26, targeted: f024-048

Ground truth: Stage-IV WithDROP NoDROP

NoDROP Error WithDROP-NoDROP Abs. Err. Change
Improve

Degrade

• 15.6% MAE reduction
• 5.4% improvement in spatial corr.
• Bias reduced from 1.90 to 0.27 mm



Created by M Zheng (CW3E)

Summary on IVT forecasts –% skill change using MAE

Verification region: NEPC Northeast Pacific 

NEPC

Preliminary
Not published



Created by M Zheng (CW3E)

Summary on IVT forecasts –% skill change using MAE

Verification region: MIDDLE

MIDDLE

Preliminary
Not published



Created by M Zheng (CW3E)

Summary on IVT forecasts –% skill change using MAE

EAST

Verification region: EAST

Preliminary
Not published



Created by M Zheng (CW3E)

Summary on IVT forecasts –% skill change using MAE

Verification region: NORTH
NORTH

Preliminary
Not published



Created by M Zheng (CW3E)

Summary on IVT forecasts –% skill change using MAE

Verification region: SOUTH

SOUTH

Preliminary
Not published



Are the downstream impacts physical? Case 2: IOP36 –Feb 22
Difference

Improvement

- Improvement

+ Degradation



Case 2: Hovmöller diagram F000–F240

Group spd

Phase spd

Group spd

ERA-5 NoDROP Error WithDROP ErrorOBS Lon



Case 2: Hovmöller diagram F000–F240

Correcting small initial errors can 
reduce both phase-speed and 
group-speed errors, with the 
latter potentially amplifying 
downstream development errors.

Preliminary
Not published

WithDROP-NoDROP MAE Change

Improve

Degrade



Ongoing and future work

A group under CW3E Modeling Team (Lead: M. Simpson) with a focus on 
atmospheric river data assimilation

Dr. Minghua Zheng Dr. Jia Wang Dr. Gime Casaretto Drew Hooker

What can we do?
Obs: Conv (buoys, 
sondes, etc), satellite 
retrievals & radiance,
Radar radial velocity 
& reflectivity
Models: regional 
model (WRF/MPAS)
Global model (MPAS 
variable mesh, GFS, 
IFS)
Initial condition 
sensitivity: FSOI–
WRFDA; Ensemble 
sensitivity analysis
Methods:
Variational, EnKF
families,  hybrid
OSE & OSSE (e.g., 
ASCAT)

F. Martin Ralph (CW3E Director), L. 
Delle Monache (Director of research), A. 

Wilson (Assis. Director for AR Recon)CW3E DA Group
Emilio Yanez

Sarah Ogle Sam Paulsen

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!)



THANK YOU 
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: Hovmöller diagram F000–F240



Clear-sky radiance

More weightLess weight

All-sky radiance (AMSUA Ch15)

Lower troposphere Lower troposphere

IVT
Kg/(m*s)

Highlighted finding 1: Data gaps within & near ARs

Zheng et al. 2021
BAMS



Figure source: Zheng et al. 2021 JGRA

Impact on initial conditions: WithDROP – NoDROP (changes due 
to drops)
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Impacts at forecast time F006
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Impacts at forecast time F012

Improve

Degrade



Le
ad

 ti
m

e 
(h

)
Impacts at forecast time F018
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Impacts at forecast time F024
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IOP 02 and IOP 03

75% of 2026 IOPs improved the initial 
conditions; 20% had neutral impacts; and 

5% showed degradation.

Improve

Degrade



Why degradation occurs at initial time? 

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. 

Single dropsonde assimilation experiment


	2026 AR Recon workshop and 2nd Observational campaigns workshop for better weather forecasts��Evaluation of 2026 AR Recon Observations for the Analysis and Forecasting of Atmospheric Rivers and Downstream Winter Storms Using MPAS-JEDI � �Minghua Zheng��Center for Western Weather and Water Extremes (CW3E)
Scripps Institution of Oceanography, UC San Diego�
	Slide Number 2
	Slide Number 3
	Model and experiment set-up
	2026 North Pacific IOP water vapor transport composite
	2026 North Pacific IOP water vapor transport anomalies
	Summary of dropsonde distribution and sensitivity QPF metrics
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	THANK YOU 
Questions can be directed to: 
Minghua Zheng (email: mzheng@ucsd.edu)
	
Extras
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33

