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Introduction
Background & Motivation Study Objectives
* Integrated Water Vapor Transport (IVT) is the primary metric used to identify and  Evaluate a high-resolution, near-real-time AR forecast model using radiosonde
characterize atmospheric rivers (ARs). observations.
* Accurate prediction of IVT magnitude, direction, and vertical structure is important ¢ Assess model performance in predicting IVT magnitude, flow direction, and vertical
for forecasting orographic precipitation. extent of moisture transport, and other environmental characteristics respective of
* Previous forecast verification focuses primarily on IVT magnitude and precipitation, AR flow direction.
with less attention to errors in flow direction and the vertical distribution of * |ntroduce a novel verification metric that evaluates the vertical location depth of
moisture transport. the concentrated water vapor flux column to evaluate model to predictions.
AR Core Identification Methods
Radioi?dfﬂc;sr:frv:/ti:iﬂcatiOn — Sounding: f:ii:fai,()260311‘2101 — I\/IodeIL;aI:IITRiI;;ch:\wf Observational Inputs
s ] @ T - — s =] * Radiosonde observations from Bodega Bay (USBOD) and Marysville (USYUB) in
northern California.
o s =S "« 518 radiosonde launches collected between December 2021 and March 2024.
o | o 0! 700 |  Bodega Bay samples the coastal transition zone, while Marysville represents the
| windward Sierra Nevada environment.
=l L. =) Y | = B H Model Inputs
_ / \fy _ ; * Evaluated the West-WRF deterministic forecast model initialized with NCEP GFS
% B o i e .5 analyses.
§ Lead Time: 33hrs Lead Time: 45hrs Lead Time: 57hrs ., @ 2+ Model output was interpolated to each radiosonde profile and matched to
= 2 — e Ls0 o — et |50 = — e [s0 E observations within £30 minutes of the 800-hPa ascent time via a linear barycentric
woo- " e oo o100 2 interpolation through 3-D space.
" IVT Core Layer
e L e N "« Interested in finding the most concentrated portion of vapor transport to determine
i most efficient layer of conveyance
_  Defined an Integrated Vapor Flux (IVT) Core Layer as the thinnest vertical layer
/ . . / - / containing 25% of the total integrated water vapor flux through an iterative search
] ———— | —————; " | ———; Lo over layer thickness and position.
Figure 1. Trajectory of individual radiosonde oveRralgil{I{)r;/] water vapor flux of the atmospheric column. Identified * Used to evaluate the predicted vertical location and depth of concentrated moisture
AR Core highlighted in cyan (modelled) and blue (observational) with terrain blacked out on the x-axis. Each panel transport.

represents a different lead time from 9hrs to 57hrs lead time.

Climatology of IVT Core Layer

Distribution of IVT Core Pressure Bounds

IVT Core Layer Climatology via USYUB and USBOD Radiosondes
. . 35 - Core Bottom Pressure _
 Represents the most concentrated portion of atmospheric Core Top Pressure Figure 2.
e : : Histogram of
water vapor transport. ldentifying its vertical location helps a0+ bressure
isolate pressure levels where model biases occur. locations
»5 (hPa) for the
Key Findings top of the IVT
* The most common core top & bottom: ~1000 hPa, ~900 hPa. > (lelfe;azgg
-
* Most IVT Core Layers have tops below 850 hPa, corresponding 2 bottom of the
. L
to a typical core depth of 100-150 hPa. T s IVT core
* Most frequent core top is slightly higher at Marysville (~880 lizf;g(%;ﬁga?
hPa) than at Bodega Bay (~¥910 hPa). 10 - both Bodega
 Few cases exhibit elevated IVT Core Layers (>800 hPa), Bay and
demonstrating the need for a verification metric that evaluates 5 - Maré’zvme’
moisture transport throughout the atmospheric column rather |
than Only at IOwer IeVEIS. ° lOI{}O 960 860 ?OIO 660 SEl}O 460
Pressure (hPa)
Core Score Analyses
USBOD: C S Medi IQR oo . . H e
| | Core Score (Median = 1QR) - Core Score Verification Metric Key Findings
0.8 ~ To evaluate how well forecasted and  West-WRF captures the overall vertical
o  observed IVT Core Layers agree, the study structure of ARs but systematically
I R T . | introduces a Core Score that combines: underestimates total and core IVT
. 7 N=81 - N -1 o 1
. e NS NeTs v T i ~ * Vertical overlap between forecast and magnitude.
| observed core layers (Overlap Fraction) ¢ IVT errors occur in a context of
O[|,_CoreScorelaR | a) ~ + Agreement in core thickness (Thickness systematic temperature and moisture
0.2 - ;b :& ﬂﬁ" ;g:n é‘b ‘@ ﬁ} ?} ,@ ﬁﬁ, 9,5 - Factor) biases, va.rlable. wind errors, and cpld
“ N N @ S %\ 2 S & S A and dry biases in the lower and mid-
USBOD: Overlap Fraction & Thickness Factor CO_TB 5 core. — troposphere.
L | | | | 1 Qverlap Fraction * Thickness Factor : :
oal T = . . . —- -— i - * |Improving the representation of flow-
| © Thic stud luated IVT +h aligned moisture transport and vertical
0.6 o— ' - . .
\—"”’\ e 4—\/ IS study evaluate error wi core position has potential to improve
0.4 ' . . .
respect to: forecast skill over complex terrain.
- ~* Along-tlow and cross-flow IVT: * Future work will extend this framework
d Overlap QR —s—Overlap median b) ~* Totaland cc;r.e-lz.ag/er.IVT mggnltu.del. " to ensemble forecasts to evaluate
02| Thickness IOR —s—Thickness median | | | | | — ?ore Score ISLH utlo.n an \c;ert.lcg |as.0I forecast uncertainty and probabilistic
. mperatur w point, and win . :
A rﬁﬁm @ﬁ@ rg,v@ @ﬁ: @9&‘* @;& @ﬂw @9@ emperature, dew point, a spee skill
Figure 3. (a) Core score and (b) overlap fraction (red) and thickness factor (blue). The solid line in Acknowledgments
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