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National Blend of Models

A nationally consistent and skillful suite of calibrated forecast

guidance based on a blend of both National Weather Service

and external numerical weather prediction model data and g

post-processed model guidance. er ;3 _ |
, o

> "
el
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A highly accurate, skillful and

consistent starting point for

the gridded forecast. ¢ ST IIIIIIII ST,
Probabilistic and bias-corrected
weather elements across
several service areas.

V/

Providing forecasters with a

suite of information to use for

their forecasts.

V/ /4

An important part of the efforts to
evolve NWS capabilities to achieve
a Weather-Ready Nation.

The NBM is not a model! It's a

post-processed BLEND of available models

NBM Inputs

HRRR 3km RAP 13km
HiResARW 2.5km  NAM 12km
HiResARW2 2.5km RDPS 10km(CMC)
HiResFV3 2.5km  NAMNest 3km
RIOPS 5km SPC-POST

HWRF 2km

HMON 2km WTCM (NHC)

Mesoscale

SREF Ens 16km (CO) 30km (AK)
GEFS 0.25 deg

REPS 15km GEPS 0.5 deg (CMC)
NAVGEM 0.5 deg

ECMWFE 0.5 deg

GEWPS 0.25 deg

REWPS 0.022x0.031 deg
ACCESSE 0.3x0.45 deg

4 Ensembles

GFS 0.117 deg

GDPS 0.25 deg (CMC)

NAVGEM 0.5 deg (FNMOC)
ECMWFD 0.25 deg

ACCESSG 0.12x0.18 deg-res chg
RTOFS 0.3 deg

Global

GFS-MOS (station)
GFS GMOS 2.5km
LAMP (station)
GLMP 2.5km

NAM GMOS 2.5km
ECMWF MOS
ECMWFE MOS

p NOAA
P Canadian Meteorological Centre

> European Centre for Medium-Range
Weather Forecasts

> U.S. Navy Fleet Numerical Meteorology and
Oceanography Center

P Australia Bureau of Meteorology



The Concept

Quantiles | Components NBM v5.0 RAW 2026-04-10 06z
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e For a forecast of a particular weather element at a chosen forecast hour, when we consider
available model runs and their complete ensembles, there are often a LOT of forecasts
with a significant range of solutions
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The Concept

Quantiles =~ Components NBM v5.0 BIAS-COR 2026-04-10 06z
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e Individual forecasts can be bias corrected, and they can then be combined into a single

forecast value as well as a range of outcomes and probabilities of exceeding different
thresholds
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General NBM Process

NWP Models

GFS, ECMWEF,
NAVGEM,
ACCESS

egiona

NAM, RAP,
RDPS

Hi-Resolution

HRRR, HAFS,
NAM-Nest

HiResARWs
HiResFV3

Ensembles

GEFS, ECMWFE,
CMCE

NAVGEME,
ACCESSE, SREF,
REPS

Statistical

GMOS
GLAMP

.

Calibration of
each model
using recent
verification
to adjust the
forecast and
improve
accuracy and
detail

Verification
based on
URMA

Based on skill of
each model input

Better-
performing
models during
the recent period
influence the
blend more (fields
with no analysis,
such as PoP, are
“expert”

~
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Types of Products

Please see the full list of outputs at:
https://vlab.noaa.gov/web/mdl/nbm

NBS TEXT BULLETIN - STATION KDCA (GEFS Data for KCGS COLLEGE PARK AIRPORT, MD P

s pen —
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https://vlab.noaa.gov/web/mdl/nbm
https://vlab.noaa.gov/web/mdl/nbm-weather-elements

ridded Products

N seeme Deterministic Instantaneous Wind Gust Wed, ApaS, 3¢5 2PER] = Minimum Temperature over 18h Period IUeApK]4,202G38 am EDT)
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T e

A o e
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OCONUS D

K2 s 48h QPF- HAWAII

Laboratory
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OCONUS Domains - Oceanic

Laboratory
tional 72 hr Precipitation (in)

X% camsem 72h Precipitation - OCEANIC Thu, Apr 16, 2026, 8 pm EDT X2 camiem 72h Precipitation - OCEANIC Thu, Apr 16, 2026, 8 pm EDT

Experimental and non-oper 72 hr Precipitation (in)
Issued: Tue, Apr 14, 2026, 4 pm EDT Issued: Tue, Apr 14, 2026, 4 pm EDT

0 o1 05 15
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The NBM now serves as the NWS gridded forecast during the Days 4-7 period
for CONUS, with only minor edits made by the Weather Prediction Center, in
consultation with local Weather Forecast Offices (WFOs). This will soon be
done over Alaska as well

The NBM is also used as the starting point for the NWS gridded forecast in the
Days 0-3 period. The WFOs make their own edits. A national process, similar
to what is done in the Days 4-7 period, will be pursued soon

The NBM provides key tools to support NWS Impact-Based Decision Support
Services (IDSS)
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Information on NBM Elements

NBM V4.2 SURFACE WEATHER ELEMENTS »

Surface Weather Elements CO AK PR HI GU OC Definition

TEMPERATURE

oni * This element page contains
“MaxT 5D tables featuring a description
i ol ol il and weighting and region
i information for Surface,

Aviation, Fire, Winter, and
Marine elements

¥PMaxT Mean
¥ PMInT Mean
¥PMaxT SD

¥PMInT SD

* Highlighting weather element
provides tooltip for long name
of variable and highlights cell

*Tomp
~Temp SD

> AppT
~*WBGT
PRECIPITATION
~QPFO1 % Xo w1 | x Quantitative P

v QPFO6 L R S Quantitative P
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https://vlab.noaa.gov/web/mdl/nbm-weather-elements

Information on NBM Elements

TEMPERATURE
vMaxT X |x |x [x |x Maximum Temperature; Time Window: 12z to 06z except 18z to 12z in Guam
AMinT X X X X X Minimum Temperature; Time Window: 00z to 18z except 06z to 00z in Guam

Weighting/Calculation:

Various model inputs based on dynamic MAE weighted scheme . C I I Ckl n g o n e I e m e nt n a m e
Models Used in NBM:

CONUS Alaska Puerto Rico Hawaii Guam Oceanic toggles rOW to prOVIde
Models Used in Latest NBM Run: i nfo rm ation On We ig hti ng

vMaxT SD X [x [x [x Standard Deviation (SD) of Maximum Temperature; Time Window: 12z to 06z except 18z to 12z in Guam SCh el I Ie

CONUS Alaska Puerto Rico Hawaii Guam Oceanic

e For expert weighted elements,

Quantitative Precipitation Forecast; hourly rainfall or melted liquid equivalent of frozen/freezing precipitation to 264 H H H
v x | oum links are provided per region (or
~QPF06 DA DI Quantitative Precipitation Forecast; 6-hour forecast

Weighting/Calcuations if upper air, per pressure level)

Expert Weights (%): CONUS Alaska Puerto Rico Hawaii Guam Oceanic
Models Used in NBM:

CONUS Alaska Puerto Rico Hawaii Guam Oceanic
Models Used in Latest NBM Run:

CONUS Alaska Puerto Rico Hawaii Guam Oceanic
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How Inputs are Blended

e Different blending approaches are used for different forecast parameters
e To determine the methodology, the key question is whether a reliable and
skillful analysis (representation of the true state) exists for a particular

parameter. If yes, we can potentially perform bias correction.

e Quality analyses are available for fields like temperature and precipitation

e Quality analyses are not available for fields like visibility and PoP
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If a quality analysis exists, BIAS CORRECT

e Examples: temperature, wind speed, cloud cover

e \We keep track of errors in the individual models over
the past X (generally 60-120, depending on the
parameter) days, the current forecast is bias-corrected
based on recent errors, and more weight is given in the
blending to models that have recently performed well
for that parameter at that particular forecast range

CRBEXYBLELSRNSEBR

e The weighting therefore changes cycle to cycle and
forecast hour to forecast hour separately for each
element
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Quantile Mapping

» Quantile mapping is a bias correction method leveraging
cumulative distribution functions (CDFs)

* Entire distribution taken into account 1va.1- Gamma COF K

* Ingredients: ,
~Y"  AnlCDF

» forecast amount (i.e. a value to correct)

Input value = 11.2 m/s

« forecast CDF

° anaIySiS CDF : /,/ QM value = 12.47 mis
* In NBM, we use quantile mapping for ”

* Precipitation: Gamma distribution e

« Wind Speed/Gust, Sig Wave Ht: Gamma distribution
» Temperature, Dew Point: Gaussian distribution

Department of Commerce | National Oceanic and Atmospheric Administration| weather.gov
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If a quality analysis does not exist or is not

possible, apply EXPERT WEIGHTING

e Examples: probability of
precipitation, visibility, snow

accumulation
Expert Weighting (%) for SNOICEACCUM - CONUS

. We aSSign “expert Weights” in WhiCh II\/(I)o;i:EFARW ll’;fiEflo\;Ol-mhrs 1;;:25317-1%1'5 l:;:ié;m-nhrs §;$é(;43-60hrs 2’;1(3;;61-84hrs Emjfor84+hrs
multiple forecasters and researchers DEouwr oM oSMEM  OlaMme ovma  omsamn Lahme
. . . GFS 2 2 3 4 4 4
determined which inputs deserve R i ] ] 0 0 0
the most weighting AEsaGE 12 B 0 0 2 0
HIRESFV3 12 13 14 14 0 0
NAM 0 0 0 0 0 0
. . . NAMNEST 12 15 16 17 0 0
e There is no variation cycle to cycle Rap 5 5 0 0 0 0
RAPX 3 3 3 (] 0 0
total 100 100 100 100 100 100

e These decisions were very
subjective, and we are trying to use
some performance metrics to
improve the weighting
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Challenges with Using the NBM
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nconsistencies

Here, there are sizable areas with deterministic rainfall totals > 6,
including some amounts > 107, but the probability of greater than
5" is < 50% everywhere
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Artifacts

Undesirable features in
NBM output are usually
driven by corresponding
odd features in the NWS
Analysis of Record (the
RTMA/URMA) which is
used for most NBM bias
correction
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Seasonal Transitions

NBM v4.2 Prob of Max Temp >= 100°F (%

m} In this example, the first
% 7 7+ modeled heat wave of the

&) season causes issues, as the
bias correction is working off of
the biases during the end of
winter and spring and
increases already predicted hot
values; the forecasted values
are also in the tails of the
distribution which complicates
the bias correction
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g | 55 >’ s ™

=l g g
= :l Prob of Max

'ﬂ Temp <0 F)
- S

RTMA/URMA doesn’'t match METAR observations directly, which is considered the “gold
standard” of observations, so at METAR sites, we bias correct directly to the METAR
observations (while we correct to the URMA at all other points); this leads to “bullseye features”
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Version 5.0 of the NBM

Consistency
Winter

Winds

QPF

Waves

New Products
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Deterministic / Probabilistic Consistency

e Inconsistencies between the NBM probabilistic and deterministic fields
have long been a source of much user confusion. These are caused by:
o Using different approaches for the deterministic and probabilistic

computations
o Assigning different weighting for the deterministic and probabilistic

computations

e V5.0 reconciles these differences
o For most parameters now, the deterministic value is derived from the

distribution instead of being computed separately
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Consistency in v5.0

NBM 4.3 24Hr Snow Accum Probabilities NBM 5.0 24Hr Snow Accum Probabilities
4.3 v5.0

e e

Inches
Inches

7570

= =
: o1 2.6 2325

LoMTEesRaa S Arapahoe Ridge Mount Blue Sky

5.6

ORNWA U N0 ORI TION00
OOOO0OOOOOOOOOOOOOO0

55 cp 6.0
48 48
- 3638 a2
23 2.6 22 27
-1 = 0.8

Hagues Peak Longs Peak S Arapahoe Ridge Mount Blue Sky

10th% m25th% m50th% mDet. m75th% 90th% 10th% m25th% M50th% M Det. W75th% 90th%

e Courtesy WFO Boulder

e Deterministic amounts in v4.3 are often outside of
the distribution

e They fall nicely inside of the distribution in v5.0
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Inconsistency in Ops

CAR,GYX,BTV,ALY,BOX,0KX,BGM_nozero Show24 Detr in NBM v4.2 Psnow24 Percentile Space
Valid: 12Z Sun 04-13-2025 | NBM Init: 13Z 04-11-2025 | Points: NOHRSC @ NWS sites

0 20 40 60 80 100
Detr in NBM Psnow24 Percentile Bins

Department of Commerce | National Oceanic and Atmospheric Administration| weather.gov




More Consistency in v5.0

CAR,GYX,BTV,ALY,BOX,0KX,BGM_nozero Show24 Detr in NBM v5.0 Psnow24 Percentile Space
Valid: 12Z Sun 04-13-2025 | NBM Init: 13Z 04-11-2025 | Points: NOHRSC @ NWS sites

0 20 40 60 80 100
Detr in NBM Psnow24 Percentile Bins
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Higher Weight for Higher-Res Inputs in Winter
and QPF Fields

20 14 16 18 20 22 24 28 32 36 40 44 ;',-}_4 52 56) b
- Y =l fil

: Thu 2025-11-27 01z |

M -, o 1
{ 0 . 75th Percentile (in)
. Ly

e More weight given to hi-res inputs in the probabilistic
side of the winter suite leads to far more mesoscale

d eta i I i n th @emeErg)pogmgjel i§at.i|c:)i13(|:0(:£zia§ !gﬁ§nospheric Administration| weather.gov 29



PoP Example

NBM v4.3 12-hr PoP QMD (%)
Init: Tue 2025-06-17 002
Valid: Tue 2025-06-17 18z (F018)

e [ncreased influence of the CAMs
is very clear (and generally
useful) in weakly-forced
convective events
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New Approach for Deterministic Wind / Gust

b LS e

In the ops NBM, we take
the mean value of the
distribution to serve as
the deterministic wind

Department of Commerce | National Oceanic and Atmospheric Administration| weather.gov

In v5.0, we use climo
to select a percentile
more likely to verify
than the mean

31



New Approach for Deterministic Wind / Gust

Percentile

Lower Bound

Upper Bound Water

40 4
30
20

o 24 48

72 96 120
Lead in hours

144

168

Low
Bias

Can choose a higher or lower value
Allowable percentile range is larger
for longer lead times; the range is
constrained at early forecast
projections
Upper bound is higher for water

than land

as Knots

Bl

NDFD BLENDX Land URMA verification
Wind Speed Forecast for Threshold: >=23kts
Issued at: 20250601 - 20251207

24 36 48 60 72 84 96 108 120 132 144 156 168 180

Forecast Projection(h)

—e— BLEND - CONUS Ref: 19Z —e— BLEND (Exp) - CONUS Ref: 19Z

CONUS bias for wind speeds > 23 kt
is significantly improved, especially
beyond Day 2
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Melissa Wind Speed

V5.0 uses the GTCM data from NHC in the 10m wind products
The improvement in this 33h forecast is impressive
The top speed in the ops forecast is below 40 kt
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Sig Wave Height Differences

NBM V5.0 Sig Wave Height QMD Mean (ft)
Init: Thu 2025-11-13 00z

v5.0 fills in the wave field in more of the bays / estuaries

From the NWS: “Resolving the issue of the missing significant wave heights along the coast is a
greatly needed enhancement. Previous NBM versions were not usable for several East Coast
WFOs due to the missing data areas”
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ew Products

NBM v5.0 Prob of Apparent Temp QMD <= 32°F (%)
Init: Wed 2025-11-05 122
Valid: Tue 2025-11-11 122 (F144)

oihe osaliglazoia
0 s/ &
0lsa)

CREE L gty o

T / L ®
Probabilistic
Apparent Temp

&
L

90

*((NBM v5.0 Calibrated 24-r Prob of Snow >= 4 in (%)
Init Fi 2026.01-23 192
Valid: Sun 2026.01-25 00z (F029)

9

0

Calibrated Snowfall
Exceedance Probs

gt
L era—al LY 0 # 21 I

Department of Commerce | National Oceanic and Atmospheric Administration| weather.gov 35




New Probability-Matched Mean Products

Short-range products
derived from hi-res inputs;
goal is to restore
amplitude from the
individual solutions

NBM v5.0 Prob Matched Mean 24-hr Snow Accum (CAMs only) (in)
Init: Sat 2026.01-24 102
Valid: Mon 2026-01-26 002 (F038)

e o

e
NBM v5.0 Prob Matched Mean 24-hr Flat ice Accum (FRAM) (CAMS only) (in)

Init: Sa12026-01-24 102
Valid: Sun 2026-01-25 162 (F032)

g B ’ A
- 2 L
an a5
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New Joint Probabilities for Fire Weather

Obs and Probs: NBM 5.0 _fire Combined Prob: RH < 25% and Wind Speed > 15 mph
Valid at: 21Z Fri 05-23-2025 | NBM Init: 12Z 05-23-2025

NBMvs5S is generating joint probabilities
for various combinations of RH and
wind speed or gust

This example shows the probability of
RH <= 25% and Wind Speed >= 15 mph
White dots indicate where the

combination was achieved in the
observations, while black dots indicate
where it was not achieved
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Towards a Fully Probabilistic NBM

OPS v4.3

DET PROB DET PROB DET PROB DET PROB DET PROB DET PROB DET PROB DET PROB PROB
INST INST INST INST MAX MAX MIN MIN APP APP INST INST MAX  MAX MIN MIN FIRE
TEMP TEMP DEW DEW TEMP TEMP TEMP TEMP TEMP TEMP RELH RELH RELH RELH RELH RELH WX

CONUS 4 © 4 0 4 ¥4 4 4 ¥4 o 41 o 410 [4 o o
ALASKA 4 © 4 0 4 ¥4 4 4 ¥4 o 41 o© 410 [4 o o
o . | o Mo Mo Mo Mo WMo Wo Mo o
i 7 ® 7 0 M o Mo e Weo 4o 4o e
GuAwm W o 4 o 1o 4o o o Mo Wo ¥e o
cEANC () ® © © © O 0 O 0 0 0 0 0 0 0 0 o
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Towards a Fully Probabilistic NBM

PARA V5.0

DET PROB DET PROB DET PROB DET PROB DET PROB DET PROB DET PROB DET PROB PROB
INST INST INST INST MAX MAX MIN MIN APP APP INST INST MAX  MAX MIN MIN FIRE
TEMP TEMP DEW DEW TEMP TEMP TEMP TEMP TEMP TEMP RELH RELH RELH RELH RELH RELH WX

CONUS vEIVERVERVEEVERVEIVEEVERVEIVEEVERVELVERVERVELV ERV

el VRIVERVEEVEIVRIVIRVEEVRIVIIVIRVREV LV IR [V L [l
neo . |4 |4 |04 || ™ |4 M| M| 4|4 M E M P M
HAWAII 4 (4 4| 4 (4 (4 4 4 4 (4 4 M4 44 4 M4 4
GUAM viivEIVEIVEIVEIVELVRIVRERVIRVELVRIVRRVIRVELV RV RV
OCEANC '] © 1 © [H|© 41 © 4 06 © © 0 © o | 0 o
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Towards a Fully Probabilistic NBM

OPS v4.3
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Towards a Fully Probabilistic NBM

PARA V5.0
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Changes to Inputs

e V5 now uses the data
e \We will also be using the deterministic ECAIFS and AIGFS as
iInputs

e SREF retirement appears certain within the next 1-2 years, so we are
preemptively ending its usage in NBMv5.0

e Work to integrate the RRFS/REFSv1 into the NBM has been
completed; we will implement these changes (v5.0.1) when
RRFS/REFSv1 is implemented later this summer; that means that

the NAM and HiResWs will no longer be used in the NBM starting in
v5.0.1
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How to View NBM Data

e Some web sites (like Pivotal Weather, NCEP’'s MAG....) provide a
very limited set of NBM graphics

e The public DESI site has a significant number of NBM fields
(01,07,13,19Z cycles), including percentiles and probabilities

e Text products (01/07/13/19Z cycles) can be viewed on the MDL page
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https://sites.gsl.noaa.gov/desi/?x4dLocations=%5B%22City%22%5D&chart=x4d&lat=40&lon=-105&theme=dark&timeZone=local&hourFormat=12&x4dviewState=%7B%22latitude%22%3A40.5%2C%22longitude%22%3A-100%2C%22bearing%22%3A0%2C%22pitch%22%3A0%2C%22zoom%22%3A4%7D&dset=NBM_CO-CONUS&clusHghlgt=true&x4dMapStyle=3D&x4dMaps=%7B%22basemap%22%3A%7B%22value%22%3A%22Mapbox%22%7D%2C%22mapboxBasemap%22%3A%7B%22value%22%3A%22Satellite%22%2C%22parentValue%22%3A%22mapboxBasemap%22%7D%2C%22Airports%22%3A%7B%7D%2C%22ARTCC%22%3A%7B%7D%2C%22Cities%22%3A%7B%22checked%22%3Atrue%7D%2C%22Coastlines%22%3A%7B%22checked%22%3Atrue%7D%2C%22County+lines%22%3A%7B%7D%2C%22Countries%22%3A%7B%7D%2C%22Country+lines%22%3A%7B%7D%2C%22Countries+NonUS%22%3A%7B%7D%2C%22Country+NonUS+lines%22%3A%7B%7D%2C%22CWAs%22%3A%7B%7D%2C%22Graticules%22%3A%7B%7D%2C%22HUC+6+%28CONUS+%26+OCONUS%29%22%3A%7B%7D%2C%22HUC+8+%28CONUS%29%22%3A%7B%7D%2C%22PSAs%22%3A%7B%7D%2C%22RFCs%22%3A%7B%7D%2C%22Roads%22%3A%7B%7D%2C%22State+lines%22%3A%7B%7D%2C%22Tribal+Lands%22%3A%7B%7D%2C%22Vulnerability%22%3A%7B%22value%22%3A%22Social+Vulnerability+Index%22%2C%22parentKey%22%3A%22Vulnerability%22%2C%22parentValue%22%3A%22Vulnerability%22%7D%2C%22Watches%2FWarnings%2FAdvisories%22%3A%7B%7D%2C%22Zones+%28public%29%22%3A%7B%7D%2C%22Zones+%28fire+wx%29%22%3A%7B%7D%2C%22Zones+%28coastal+marine%29%22%3A%7B%7D%2C%22Zones+%28offshore+marine%29%22%3A%7B%7D%7D&preferredFontSize=14&x4dDset=%7B%22renderOptions%22%3A%22t2%22%2C%22plotargs%22%3A%5B%7B%22fields%22%3A%5B%22t2%22%5D%2C%22fieldOption%22%3A%22statisticalMeasures%22%2C%22trackingID%22%3A%22tracking_aea227a7-66c2-4577-8033-b889069ee55b%22%2C%22layerorder%22%3A1775823417320%7D%5D%2C%22name%22%3A%22statistics%22%2C%22default%22%3Atrue%7D&x1dGroup=Default&x1dSection=overview&x1dSingleField=t2&x1dGraphStyle=pdf&x2dGraphStyle=boxwhisker
https://www.weather.gov/mdl/nbm_text

How to Obtain NBM Data

NOMADS 6 2 aws ¢ Realtime
The NOAA Operational Model t_ &tl.y . & Archived May 2020-
Archive and Distribution System retention .y > Present
https://nomads.ncep.noaa.gov/ https://registry.opendata.aws/noaa-nbm/
Data Formats NBM Text Bulletin Products

e GRIB2 Label Product Name Time Step Forecast Hours

¢ ASC I I/TeXt NBH Hourly Hourly 1-25 hrs
*Operational NBM data NBS Short 3-Hourly 6-72 hrs
is made fuIIy available NBE Extended 12-Hourly 24-192 hrs
to the public NBX Super-Extended 12-Hourly 204-264 hrs

NBP Probabilistic (Extended) 12-hourly 24-264 hrs 44


https://registry.opendata.aws/noaa-nbm/
https://nomads.ncep.noaa.gov/

Timeline / Future Plans

e Implementation of v5.0 scheduled for 21 April 2026
e v5.1 planned for October 2026
o Address some remaining winter issues
o Add new NBM domain in Southwest Pacific
e Next-Generation Probabilistic Forecast Guidance Suite (PRO-GUIDES)
o A Blueprint, outlining what is needed to achieve a more skillful and useful suite for
delivering support services, has been drafted
o Atechnical feasibility team has been tasked with producing an assessment of current vs
needed resources to achieve the Blueprint objectives
o Modern machine learning/Al techniques will be applied to perform smarter blending and
bias correction and better predict high-impact events
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https://vlab.noaa.gov/web/mdl/nbm

