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What is a Multi-Layer Perceptron (MLP)?

A feed-forward neural network that maps inputs to outputs through learned transformations

Input
Layer

(features)

z=2(wixi)) +b
a = RelLU(z)

’
@
@

Hidden Hidden Hidden
Layer 1 Layer 2 Layer 3
(learned) (abstract) (deeper)

Output
Layer

(37 levels)

Each neuron computes a
weighted sum of its inputs
plus a bias, then applies a non-
linear activation function.

i Weights & Biases

Free parameters adjusted
during training. Weights scale
each input; biases shift the
activation threshold.

4 RelLU Activation

Rectified Linear Unit: a =
max(0, z). Adds non-linearity
so the network can learn
complex patterns beyond
linear mappings.

Depth = Capacity

Each hidden layer learns
progressively more abstract
features. More layers - more
expressive model, higher
capacity.

MLPs are universal approximators — given enough neurons, they can approximate any continuous function




Single Multi-Output Model Design

One MLP predicts all 37 pressure levels simultaneously

Why a Single Multi-Output Model?

. Vertical Consistency

Shared hidden layers enforce physically consistent profiles

Smoother Bias Profiles

Adjacent level predictions are naturally correlated

Inter-level Learning

Network learns thermal structure relationships

Efficiency

One training pass vs. 37 separate models

Fewer Artifacts

Reduces level-to-level discontinuities

from sklearn.neural_network import MLPRegressor
from sklearn.preprocessing import StandardScaler
import numpy as np

import time
import joblib
import psutil
hidden_layers =
max_iter = 70
alpha = 0.0005
learning_rate_init = 0.0005
n_iter_no_change = 12
validation_fraction = 0.10
batch_size = 1024

(64, 128, 64)

mlp_model = MLPRegressor(
hidden_layer_sizes=hidden_layers,
activation='relu',
solver="adam',
alpha=alpha,
batch_size='auto',
learning_rate="'adaptive',
learning_rate_init=1learning_rate_init,
max_iter=max_iter,
early_stopping=True,
validation_fraction=0.1,
n_iter_no_change=n_iter_no_change,
tol=1e-4,
random_state=42,
verbose=True # Show iteration progress

)

# Train on ALL levels simultaneously
mlp_model.fit(X_train, y_train)

model_filename = 'AWS_single_TP_single_mlp_model_FINAL.pkl'
scaler_filename = 'AWS_single_TP_single_mlp_scaler_FINAL.pkl'
joblib.dump(mlp_model, model_filename)

joblib.dump(scaler, scaler_filename)



Temperature Retrieval: Input Features

Four sensor configurations — architecture noted for each

CriS + ATMS

Temperature

CrIS Only
Temperature

CrIS PCA Scores 78

CrIS PCA Scores 78
ATMS Tbs (22 ch) 22

sec(B) -1 1
sec(B) -1 1

Land/Sea Mask 1
Land/Sea Mask 1

Surface Pressure 1
Surface Pressure 1
TOTAL 103 TOTAL 81

IASI Only

Temperature

IASI LW PCs 90
IASI SW PCs 60
sec(B) -1 1
Land/Sea Mask 1
Surface Pressure 1
TOTAL 153

Arch: 256-256-128-64

ATMS (AWS) Only
Temperature
ATMS Tbs (22 ch)
AWS Tbs (19 ch) 22 (19)
sec(B) -1 1
Land/Sea Mask 1
Surface Pressure 1
TOTAL 25 (22)
Arch: 64-128-64

Arch: 256-256-128-64

All features standardized to zero mean, unit variance via StandardScaler before input to the MLP




Water Vapor Retrieval: Input Features

Four sensor configurations — all use 64—128-64 architecture

ATMS Only
Water Vapor

ATMS Tbs (22 ch)
AWS Tbs (19 ch)

22 (19)
sec(B) -1 1
Land/Sea Mask 1
Surface Pressure 1
TOTAL 25 (22)

IASI Only
Water Vapor
IASI LW PCs 90
IASI SW PCs 60
sec(B) -1 1
Land/Sea Mask 1
Surface Pressure 1
TOTAL 153

CrIS Only CriS + ATMS
Water Vapor Water Vapor
CrlS PCA Scores 78 CrlS PCA Scores 78
ATMS Tbs (22 ch) 22
sec(B) -1 1
sec(B) -1 1
Land/Sea Mask 1
Land/Sea Mask 1
Surface Pressure 1
Surface Pressure 1
TOTAL = TOTAL 103
Arch: 64-128-64 Arch: 64-128-64

Arch: 64-128-64

Arch: 64-128-64

All features standardized to zero mean, unit variance via StandardScaler before input to the MLP




Surface & Column Parameters : Input Features

Four sensor configurations — all use 64—128—-64 architecture | Output: 4 scalars simultaneously

» Skin Temperature

0 TPW

CLwW

= TCRW

CriS + ATMS CrIS Only ATMS (AWS) Only IASI Only
ATMS Tbs (22 ch)

CrlS PCA Scores 78 CrlS PCA Scores 78 AIE o (L2 @l 22 (19) IASILW PCs 20
ATMS Tbs (22 ch) 22 IASI SW PCs 60
sec(B) -1 1 sec(B) -1 1
sec(B) -1 1 sec(B) -1 1
Land/Sea Mask 1 Land/Sea Mask 1
Land/Sea Mask 1 Land/Sea Mask 1
Surface Pressure 1 Surface Pressure 1
Surface Pressure 1 Surface Pressure 1
Arch: 64-128-64 Arch: 64-128-64 Arch: 64-128-64 Arch: 64-128-64




Training Dataset Construction Pipeline — CrIS/ATMS

. . Input: CrIS L1B radiances — every day 2019, every 12th 6-min granule SVD / EOF analysis 150
e CrlS Eigenvector Generation put: y day y g = / ysis =
global eigenvectors

W crisLiB ‘® VIIRS Imagery | = ATMS L1B & ERAS Reanalysis

Every 4th day, 2019 Cloud Mask 22-channel microwave 0.25° x 1-hr ECMWF
~53 M FOVs brightness temps model-level output

Step 2 Step 3 Step Step 5

4
S . . Backus-Gilbert Temporal + Spatial
PC Projection Spatial Aggregation (UW) Interpolation InterF;)oIationp

Apply eigenvectors Aggregate VIIRS Optimal linear Bilinear spatial
from Step 1 pixels within each combination of + linear temporal
— 150 PC scores CrIS FOV footprint nearby ATMS FOVs interp to each

per FOV -> cloud fraction - averaged Tb CrIS FOV & time

v v v
Cloud Fraction ATMS 22 Ths T, q, Skin, TPW
il D HE @ CrlS FOV @ CrlS FOV CLW, TCRW @ FOV

@ COLLOCATION & MERGE — All four streams matched to common CrIS FOV index, timestamp, and geolocation

J/ Training Dataset: ~53 M samples | CrlS 150 PCs + VIIRS cloud fraction + ATMS 22 Tbs + ERAS T, q, surface/column truth




of New York Diagnostic Plots when converting CrlS spectra to PC Ry, il
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CriS PCA150 Reconstruction — Observed minus Reconstructed BT
SNDR.J1.CRIS.20260423T1918.m06.9g194.L1B.std.v03_08.G.260424015325.nc
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= AWSL1B

19-channel microwave
brightness temps

\4

Training Dataset Construction Pipeline for AWS

& ERAs Reanalysis

0.25° x 1-hr ECMWF
model-level output

\4

Step 4
Backus-Gilbert

Interpolation
Optimal linear

combination of nearby AWS FOVs
—> averaged to Group2 (89 GHz)

fovs

Step 5

Temporal + Spatial
Interpolation
Bilinear spatial

+ linear temporal
interp to each

CrIS FOV & time

\4

\4

AWS 19 Tbs
@ 89 GHz fov

T, g, Skin, TPW
CLW, TCRW @ FOV
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#
# SECTION 1: CONFIGURATION
#
NPZ_FILE
OUTPUT_NC

'/Volumes/Crucial II 4TB/ERA5S Apr 2026/N0AA20_CrIS_PC150_ATMS_ERA5_Apr23_.2026.npz'

003000088000 0e00083uT000d000000

O Lt P A Y Tt PR R AN P A T D 2 E Y £ R P p T T T )

MODEL_PATHS = {
|T|: {
'model': '/Users/macpro/Box Sync/Default Sync/Latest CRIS and ATMS and CRISplusATMS MLP/TP/

aaaaaaaaaaaaaaaaaaaaaaaa

»»»»»»»»»»»»»»»»»»»»»»»»»»»

CRISPC78ATMS_53M_BG_Every4thDay_2019_LWMW_NOVIIRS_TP_25625612864_single_mlp_scaler_FINAL.pkl',
h
W' {
'model': '/Users/macpro/Box Sync/Default Sync/Latest CRIS and ATMS and CRISplusATMS MLP/WV/

»»»»»»»»»»»»»»»»»»»»»»»»»»»

»»»»»»»»»»»»»»»»»»»»»»»»»»»»

CRISPC78_ATMS_BG_201953Mevery4thday_WV_alpha0@llearn000l1_single_mlp_scaler_FINAL.pkl',
h
'SURF': {
‘model': '/Users/macpro/Box Sync/Default Sync/Latest CRIS and ATMS and CRISplusATMS MLP/TSTPWTCRWCLW/

ooooooooooooooooooooooooooooooooooooooooooooo

»»»»»»»»

CRISPC78_ATMS_BG_53M_A11Sky_2019every4th26M_TSTPWTCRWCLW_scaler_FINAL.pkl',
h
}

#

# SECTION 6: MLP RETRIEVALS
#

def apply_single_model(BT, model_path, scaler_path, truth, label):
print(f"\n Loading {label} ..")
model = joblib,load(model_path)

aaaaaaaaaaaaaaaaa

aaaaaaaaaaaaaaaaa

print(f" Architecture : {model.hidden_layer_sizes} "
f"Outputs: {model.n_outputs_}")
t0 = time.time()

retrieval = model.predict(scaler.transform(BT)).astype(np.float64)
retrievallnp.isnan(truth)] = np.nan
print(f" Shape: {retrieval.shape} in {time.time()-t@:.1f}s")

return retrieval

def apply_multi_model(BT, model_path, scaler_path, truth, label):
print(f"\n Loading {label} ..")

models = joblib,load(model_path)
scaler = joblib,load(scaler_path)
t0 = time.time()

X_sc = scaler.transform(BT)

eeeeeeeeeeeee

retrieval = np.column_stack(
[m.predict(X_sc) for m in models]

) .astype(np.float64)
else:

retrieval = models.predict(X_sc).astype(np.float64)
retrievallnp,isnan(truth)] = np.nan
print(f" Shape: {retrieval.shape} in {time.time()-t@:.1f}s")
return retrieval

print("\n" + "=" x 80)
print("SECTION 6: RUNNING RETRIEVALS")
print("=" % 80)

T_retr = apply_single_model(

BT, MODEL_PATHS['T']['model']l, MODEL_PATHS['T']['scaler'l],
T_truth_full, “"Temperature (37 levels)")

eoeessclone

--------

surf_truth_matrix = np.column_stack([SURF_truth[v] for v in SURF_VARS])
.................. = apply_multi_model(
BT, MODEL_PATHS['SURF']['model'], MODEL_PATHS['SURF']['scaler'l],
surf_truth_matrix, "Surface params (SKIN, TPW, CLW, TCRW)")

-
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SURF_retr = {v: surf_retr_matrix[:, il for i, v in enumerate(SURF_VARS)}
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Pressure Level (hPa)

RMSE by Cloud Fraction Bin — All Levels
MLP CRISPC78 NOAA20 100% May2025(day == 28))

Temperature Retrieval
Performance

(asc_flag == 1(Ism == 0/1)(abs(lat) < 90);train4thday 2019 53M(256,256,128,64)

100 4

101 4
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Cloud Fraction Bin (N @ 750 hPa)
CF 0-20% (N=163,583 @ 750 hPa)

CF 20-40% (N=94,708 @ 750 hPa)

CF 40-60% (N=88,054 @ 750 hPa)

CF 60-80% (N=93,113 @ 750 hPa)

CF 80-90% (N=60,704 @ 750 hPa)

CF 90-95% (N=44,697 @ 750 hPa)

CF 95-99.99% (N=110,963 @ 750 hPa)
CF = 100% (N=602,885 @ 750 hPa)
=e = All-sky (N=1,397,379 @ 750 hPa)
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Pressure Level (hPa)

0.50
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RMSE (K)
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2.75 3.00

RMSE by Cloud Fraction Bin — All Levels

MLP IASI MetopB M01 Band1l+Band2 (150 PCs) — Independent Test May 28 2025
(asc_flag==0)(Ism==0/1)(abs(lat)<90); trained on 2019 IASI (256,256,128,64)
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Pressure Level (hPa)

Water Vapor Mixing Ratio Retrieval

Performance

Water Vapor Mixing Ratio RMSE by Cloud Fraction Bin
MLP CRISPC78 NOAA20 100% May2025 (day ==

8)
(asc_flag == 1)(Ism == 0/1)(abs(lat) < 90);train4thday 2019 53M (64,128,64)

100
Cloud Fraction Bin (N @ 750 hPa)
—e— CF 0-20% (N=163,583 @ 750 hPa)
—e— CF 20-40% (N=94,708 @ 750 hPa)
CF 40-60% (N=88,054 @ 750 hPa)
—o— CF 60-80% (N=93,113 @ 750 hPa)
CF 80-90% (N=60,704 @ 750 hPa)
—e— CF 90-95% (N=44,697 @ 750 hPa)
—e— CF 95-99.99% (N=110,963 @ 750 hPa)
—e— CF = 100% (N=602,885 @ 750 hPa)
= = All-sky (N=1,397,379 @ 750 hPa)
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Pressure Level (hPa)

Water Vapor Mixing Ratio RMSE by Cloud Fraction Bin
MLP IAS| MetopB Band1+Band2 (210 PCs) May 2019 (Day = 29)
(asc_flag==0)(Ism==0/1)(abs(lat)<90);train2019 40M IASI (256,256,128,64)

100

Cloud Fraction Bin (N @ 750 hPa)

CF 0-20% (N=22,347 @ 750 hPa)

CF 20-40% (N=12,052 @ 750 hPa)
CF 40-60% (N=11,253 @ 750 hPa)
CF 60-80% (N=12,774 @ 750 hPa)
CF 80-90% (N=8,874 @ 750 hPa)

CF 90-95% (N=6,773 @ 750 hPa)

CF 95-99.99% (N=11,885 @ 750 hPa)
CF = 100% (N=89,091 @ 750 hPa)
All-sky (N=200,962 @ 750 hPa)
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CrlS only

Validation Map: Error Std Dev
Ocean (LSM < 0.0) + Lat -60° to +60° + TCRW < 0.01 mm
MLP NOAA20 CRISPC78 100% May2025(day == 28))

Skin Temperature - 0.673 0.648 0.805 1.004 1.184 1.335 1.597 2.194
Total Precipitable Water - 1.800 1.876 1.925 1.955 2.068 2.140 2.261 2.453
Cloud Liquid Water - 0.023 0.026 0.028 0.032 0.037 0.040 0.045 0.059
Total Rain Water Column A 0.003 0.004 0.006 0.005 0.010 0.007 0.007 0.012
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ERAS
MLP NOAA20 ATMS-BG 100% May2025(day == 28))

TCRW Retrieval
MLP NOAA20 ATMS-BG 100% May2025(day == 28))
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Retrieval
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45°N

Request - Please extend CrIS

JO1 CriS mw 1598 _1602
2026-03-12 19:07:38-19:10:16

100°wW 90°W

JO1 ATMS Chan 13 57.29 GHz
2026-03-12 19:05:57-19:11:17

50°N

40°N

30°N

100°wW 90°wW 80°W

245
240
235

N
w
o

225

220

215

210

—

htness Temp (K

rig

B

234

232

230

228

226

224

222

220

Brightness Temp (K)

40°N

JO1 VIIRS SVM Band 04 0.555um
2026-03-12 19:04:48-19:13:17

100°W 90°wW 80°W

14

Reflectance




Please add VIIRS Cloud Fraction @ CrlS resolution to CrIS
as an environmental control (EC) indicator for MLP - all sky
re-t ri eva I S RMSE by Cloud Fraction Bin — All Levels

CrIS PC1 - Day 23 Hourl (asc_flag == 1(Ism == 0/1)(abs(lat) < 90);train4thday 2019 53M(256,256,128,64)
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NOAA MRMS | Max Composite Radar Reflectivity [dbz] 19:04Z 23APR2026

weathermodels.com
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Pressure Level (hPa)

(asc_flag ==

April 23, 2026 - Global Statistics — All

Sky

RMSE by Cloud Fraction Bin — All Levels
MLP ATMS_BG NOAA20 100% April2026(day == 23))
1(Ism == 0/1)(abs(lat) < 90);train4thday 2019 53M(64,128,64)
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Temperature Retrieval
Performance.

ud Fraction Bin — All Levels
MLP CRISPC78 NOAA20 100% April2026(day == 23))
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ERAS Level 11, 750.0 hPa
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CCNY MLP Retrieval Performance vs NESDIS Operational MIRS Algorithm
Using Collocated Radiosondes from 2025
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CCNY MLP Retrieval Performance vs NESDIS Operational MIRS and NUCAPS
Algorithm
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CENTER FOR EARTH SYSTEM SCIENCES
AND REMOTE SENSING TECHNOLOGIES

CCNY MW vs CCNY CriS/ATMS vs MIRS (MIRS_NOAA20_317) vs NUCAPS (NUCAPS_NOAA20_605) vs IASI (EUMETSAT_IASI_MetOpB_703) — Land [QC ON]
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The Lifted Index (LI) is a measure of atmospheric
instability used in convective weather forecasting. It is
defined as the difference between the environmental
temperature at 500 hPa and the temperature a parcel of
surface air would have if lifted dry-adiabatically to its

Lifting Condensation Level (LCL) and then moist-
adiabatically to 500 hPa:

| LI = T env(500mb) - T parcel (500mb) [deg C]

LI =T _env(500 hPa) - T_parcel(500 hPa) e s
A negative LI means the lifted parcel is warmer than its Mocesa Instabilly—etiord i nmerot e
environment at 500 hPa — the atmosphere is unstable

. . . . . Strong instability — organised severe thunderstorms likely
and the parcel will continue to rise, potentially producing
deep Conve.Ctlon' The more negatlve the Value’ the _ Extreme instability — violent thunderstorms; major severe
greater the instability: values between -2 and -6 K Moutey

indicate moderate to severe thunderstorm potential, and
values below -6 K suggest extreme convective instability.
A positive LI indicates a stable atmosphere where the
parcel is cooler than its surroundings and convective
development is suppressed
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CRISPC78 Lifted Index [K] | Lat 30°-50°N Lon 110°W-80°W [CF < 0.99]
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Skew-T / Log-P - ERAS Truth vs Retrieval
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300 A

500 A

700 A

850 A

1000 A

CriS PC78 Retrieval
(35.12°N, 98.62°W)

= Temperature (T)
= Dewpoint (Td)
== Parcel path
CAPE
CIN

\
\
1

CAPE = 3249 ]/kg
CIN = -15.5 )J/kg

Ll = -6.9

KlIndex = 12.1
Total Totals = 53.1
Showalter = -23.2

T T T
-40 -30 -20 -10 0 10 20 30 40

Temperature (°C, skewed)

Location

35.1°N O ]

97.5°W 92.5°W 87.5°W 82.5°W

rStability / Severe Weather Guide

Lifted Index (LI)

LI > 6 Very stable

0 to 6 Stable / weak instability

-2 to 0 Slight instability

-6 to -2 Moderate instability

LI < -6 Strong instability / severe possible
K Index

K < 20 Little thunderstorm potential

20-25 Isolated thunderstorms

26-30 Scattered thunderstorms

31-35 Numerous thunderstorms

K> 35 High thunderstorm potential

Total Totals Index
TT < 44 Weak thunderstorm potential

44-50 Thunderstorms possible
50-55 Strong storms possible
TT > 55 Severe storms possible
Showalter Index
SI >3 Stable
1 to3 Marginal instability
-3tol Thunderstorms possible
-6 to -3 Strong storms possible
SI < -6 Severe storms possible
CAPE
< 100 Nearly stable

100-1000 Weak instability
1000-2500 Moderate instability
2500-4000 Strong instability
> 4000 Extreme instability

CIN

0 to -25 Weak cap

-25 to -100 Moderate cap
-100 to -250 Strong cap

< -250 Very strong cap




ATMS only

Pressure (mb)

ATMS ERAS Truth
(35.12°N, 98.62°W)

Skew-T / Log-P - ERAS5 Truth vs Retrieval

35.12N, 98.62W

200 A

300 A

500 A

700 A

850 A

1000 +

= Temperature (T)
= Dewpoint (Td)
== Parcel path

CAPE = 4314 )/kg
CIN = -5.1 )/kg

Ll = -8.7

KlIndex = 19.1
Total Totals = 54.9
Showalter = -23.7

Cloud Fraction = 1.7%

ATMS Retrieval
(35.12°N, 98.62°W)

T T 1
-40 -30 -20 -10 0 10 20

Temperature (°C, skewed)

30

= Temperature (T)
= Dewpoint (Td)

CAPE = 2737 J/kg

Total Totals = 50.3
Showalter = -21.4

== Parcel path
200 4
300 +
a
E
g
=]
[92]
(%2}
g
a
500 -
700 +
CIN = -3.4 )/kg
Ju=-57
B39 K Index = 17.6
1000 +
T
40 -40 -30

T
-10 0 10

20 30 40

Temperature (°C, skewed)

Location

35.1°N O ]

97.5°W 92.5°W 87.5°W 82.5°W

'Stability / Severe Weather Guide

Lifted Index (LI)

LI > 6 Very stable
0 to 6 Stable / weak instability
-2 to 0 Slight instability

-6 to -2 Moderate instability
LI < -6 Strong instability / severe possible
K Index
K < 20 Little thunderstorm potential
20-25 Isolated thunderstorms
26-30 Scattered thunderstorms
31-35 Numerous thunderstorms
K > 35 High thunderstorm potential
Total Totals Index
TT < 44 Weak thunderstorm potential
44-50 Thunderstorms possible
50-55 Strong storms possible
TT > 55 Severe storms possible
Showalter Index
SI >3 Stable
1 to 3 Marginal instability
-3tol Thunderstorms possible
-6 to -3 Strong storms possible
SI < -6 Severe storms possible
CAPE
< 100 Nearly stable
100-1000 Weak instability

1000-2500 Moderate instability
2500-4000 Strong instability

> 4000 Extreme instability
CIN
0 to -25 Weak cap

-25 to -100 Moderate cap
-100 to -250 Strong cap

< -250 Very strong cap
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ESA AWS near-nadir estimated instrument noise (Goldberg)

Ch.

1

10

"

12

13

14

15

16

17

18

19

Center frequency (GHz)
50.300
52.800
53.246
53.596
54.400
54.940
55.500
57.290334
89.000
165.500
176.31
178.811
180.3M
181.511
182.311
32515+1.2
3251524
32515+ 41

32515+ 6.6

Band [ purpose

50-58 GHz temp.
50-58 GHz temp.
50-58 GHz temp.
50-58 GHz temp.
50-58 GHz temp.
50-58 GHz temp.
50-58 GHz temp.
50-58 GHz temp.
89 GHz window
165.5 GHz window
183 GHz humidity
183 GHz humidity
183 GHz humidity
183 GHz humidity
183 GHz humidity
325 GHz sub-mm
325 GHz sub-mm
325 GHz sub-mm

325 GHz sub-mm

Near-nadir noise (K)
0.84
0.52
0.58
0.49
0.49
0.61
0.82
2.03
0.84
0.50
0.54
0.58
0.76
0.84
1.04
1.53
1.64
0.99

0.80

SCIENCE

NOAA-20 ATMS near-nadir estimated instrument noise (Goldberg)

& TECHNOLOGY

Noise Comparison. (Used adjacent fovs under clear skies in tropics over ocean) CUN“CREST

TO SUSTAIN THE EARTH

Ch. Center frequency (GHz) Band [ purpose Near-nadir noise (K)
1 23.800 23 GHz window 1.500
2 31.400 31 GHz window 1.600
50.300 50-58 GHz temp. 0.780
4 51.760 50-58 GHz temp. 0.500
S 52.800 50-58 GHz temp. 0.290
6 53.596 £ 0.115 50-58 GHz temp. 0.235
7 54.400 50-58 GHz temp. 0.198
8 54.940 50-58 GHz temp. 0.192
9 55.500 50-58 GHz temp. 0.203
10 57.290344 (f,) 57 GHz temp. 0.284
1 f, £0.217 57 GHz temp. 0.410
12 f, £ 0.3222 £ 0.048 57 GHz temp. 0.430
13 f, £0.3222 £ 0.022 57 GHz temp. 0.650
14 f, £0.3222 + 0.010 57 GHz temp. 0.930
15 f, £0.3222 + 0.0045 57 GHz temp. 1.550
16 88.200 88 GHz window 1100
17 165.500 165 GHz window 0.570
18 183.31+7.0 183 GHz humidity 0.430
19 183.31£45 183 GHz humidity 0.450
20 183.31+ 3.0 183 GHz humidity 0.510
21 183.31£1.8 183 GHz humidity 0.530
22 183.31+1.0 183 GHz humidity 0.690
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The Clty Coﬂege Original single fov results from ATMS, Tomorrow 10, and AWS CUN\anST
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3¢

Level 3rdPoly (All Sky Ocean/Land T) — asc=0/1, |lat|=90 — May 28 2025; training2127

AWS, NOAA20 ATMS, TMS S2, TMS S5, TMS S6, SNPP ATMS 2 1
10 — AWSI11 0
0
/ 1] — Aws21 00 o @
> —— AWS31 wes ¢ LY O
i # — AWS41 oot 3}% o@ () @)
" Wi 5 0 ¢ 909, 0
if - oD 00 0
i 3 OH0§eeadalh &
' 2] o8 anvbiieatttd &y C
30 1 pra} 9 °oo'. ’
'- S 5] 9 QQOQ.QM% O
\ O (0 1000 bbb O O O
.~= %% 00H7I0e0°
\ i} 0
= W -3 O~ 00
v
% O 0
& Statistic -4 - ' y ' y
K - Gias (a) -40 -35 -30 -25 -20
= & S
£ 100 1
2 -1.0 1= ~ s P 7
& 125 . RAANPRE B SATRRNDE
- ‘ M N M Q.'..
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175 e A C LR A T plamn
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300 ¥ +F:;§fonn -g . . 3 ...."._ ..:.. . :...
350 —— NOAA20 ATMS = LIRS Wttt ] RSV e wgie”
400 ’ -~ TMS 52 4‘_6 -1.3 1 tLh e -..;.3 e . : S . :.:,. . ) L
450 -~ TMS S5 _l : . . ., . - . 0. ‘. .. .. ‘.‘. .:'. ...o
500 4 —— ™S S6 et . w'e ™ CR'Y
= —a~ SNPP ATMS A . PR .....3 . .. C. e L4 ..:-. «** ....0 -
600 14407, R P A . 2
650 L. . o n . Lot Lade
700. ¢ 3 °.‘ w : . '. . 0’:.-..
ggg S ’ ® : "‘. . -. : :.. * .
: 1.5+ ; . e
1 I s e i EE 50 = = =8 (b) -31.5 -31.0 -30.5 -30.0 -29.5 -29.0 -28.5

A = Retrieval — Truth (K) Longitude [°]
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‘ﬂ of New York Exclude scan-edge FOVs — keep only positions 3-136 (134 FOVs) REISHER 5 TRCHNRLOAY- ), TURUNTAIN THERANTN

Backus-Gilbert interpolation — AWS nadir geometry (measured cross-track spacing)

Group 1(54 GHz) > Group 2 target Groups 3/4 (174-325 GHz) > Group 2 target
40 km source - 8.69 km CT spacing at nadir - scale1Tkm =1.5px 10 km source - 8.11km CT spacing at nadir - same scale BG Quality Diagnostics — All orbits
Blue dotted = nadir | Salmon = scan-edge zones

= Grpl 54 GHz =40 km = Grp4 325 GHz 10 km
_ 15.0 A —— Grp3174 GHz 10km  ---- N_eff=1 (NN fallback)
o
2 125 X
2
» 10.0 4
o
g 754
5, 507
= 251
0.0 T T T T T T T T
0 20 40 60 80 100 120 140
100 1 —— Grpl 54 GHz =40 km
9 —— Grp3 174 GHz 10 km
E‘ 80 - = Grp4 325 GHz 10 km
kel
Earth surface é 60
10 km ]
i il & 40
20km 20km S
8.69km CT 8.MkmCT 2 201
2
<~ Group 1source (40 km FOV) < Groups 3/4 source (10 km FOV) 04
< Group 2 target (20 km FOV) < Group 2 target (20 km FOV) 0 20 20 60 80 100 120 140
—— Gaussian weight c_combined =19.0 km —— Gaussian weight o_combined = 9.5 km
N_eff = 25-28 - K_MAX = 40 neighbours N_eff = 8-9 - K_MAX = 25 neighbours
A I A —_ = Grpl 54 GHz =40 km < Grpl 40 km
FOV sampling geometry — measured values (May 2025 orbit) E 3001  os.17400. 10km Torset bo kon
Group FOV (nadir)  CTnadir  CTleft/right edge AT nadir o= —— Gred 323 Ghiz 10km SRS/110 km
kel
=
Group 154 GHz <40km (8 ch) 8.69km  49.1km [ 49.6 km (symmetric) 8.34km e % 200 4
=<
38.2km/69.8km! oo
Group 2 89 GHz % |<20km (1ch, target)  8.66 km e e e 8.34 km z E
Group 3174 GHz ~10km (6 ch) 8.11km 28.2km [ 45.4km 8.33km g ~ 1001 \
9 .
Group 4 325 GHz ~10km (4 ch) 8.08 km30.9 km / 39.6 km (most symmetric) 8.33km = o A
sross-track spacing between consecutive FOVs - AT = along-track (satellite motion) - both = 8-9 km at nadir > nearly isotropic san 0 20 c 40 CFOV . §O ST 32_ dir 144= ,120 d 120
| groups heavily overlap at nadir: Group 1 CT/FOV = 0.22x - Groups 3/4 CT/FOV = 0.81x (nearly contiguous) - Group 2 CT/FOV = 0.4. ross-trac position (0=left edge 72=nadir =right edge)

right-edge spacing (69.8 km) = 3.5 x FOV size — feedhorn offset causes 2x left/right asymmetry - Group 4 zenith used for sec(8
Previous figure used average swath spacing (12.99 km) — actual nadir spacing is 8-9 km (much denser near nadir than at edges)



The City College FWHM 40 km fov , 20 km fov CUNY \CREST
Of NeWYork SCIENCE & TECHNOLOGY 1O SUSTAIN THE EARTH

. -
o_combined = VvV (012 + 022) = V (16.992 + 8.492) = 19.0 km

Gaussian Weighting Logic %
0 km: 1.00 Weight
/ (Target Center) Combined Sigma (o) = 19.0 km Distance-Based Decay Noise Reduction Benefit
1.0 pe— This constant defines the effective Observations are weighted This weighting scheme
spatial resolution for Group 1 to exponentially less as their reduces instrument noise
Group 2 mapping. distance (d,) from the target (NeDT) by approximately
center increases. 5.4x for Group 1 channels.
0.8
o 19 km: 0.61 Weight
3 (One-Sigma Distance - 61% Influence)
= 06
=
=
()]
= Group 1 to Group 2
Mapping (o = 19.0 km)
38km: 0.14 Weight| 48 km: 0.04 Weight
0.2 \ (Near-Zero Influence
5 Beyond 48 km)
w, = exp(-0.5 x (d/19.0)?) |
0.0 L |

0 19 38 48
Great-Circle Distance (d.) [km]

The Arctic Weather Satellite uses Backus-Gilbert interpolation with this weighting to align coarse Group 1 observations to the Group 2 reference for machine leaming \tebookim



Pressure (hPa)
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Gy

3¢

Level MLP (Clear Sky Ocean T) — asc=0/1, |lat]<90 — May 28 2025; obs {variou
NOAA20 ATMS, TMS S2, TMS S5, TMS S6

=

i

) 4
!
I
]

I

1

-
ne

Statistic |

-~ Oias
| Lat|<90 ‘
Clear sky
ocean ~
Asc/desc ‘
I
Platform ;
- NUAAZD ATMS |
-t TMS5 52 |
—— M55 |
-t TMS 56 |
2 3 4 5 6

& = Retrieval - Truth (K)

Pressure Level (hPa)

Min, Max, Bias, and Std Dev of Tret vs. Pressure Level
AWS PFM BG MLP May 28 2025 ( Group 2 collocated)
(asc_flag ==

101 -

1024

) (Ism == 0/1) (abs(lat) < 90);training day21-2’

—m— Std Dev

NEW with BG

~_averaging to
-89GHz fov

AWSisnow
like ATMS

Magnitude (K)

CUNY \CREST

SCIENCE & TECHNOLOGY

Level 3rdPoly (All Sky Ocean/Land T) — asc=0/1, |lat|=90 — May 28 2025; training2127
AWS, NOAA20 ATMS, TMS S2, TMS S5, TMS S6, SNPP ATMS

10
' 4
o7
P
;/
20 au
30
50
_ 70 Statistic
I -~ Has
£ -& S
¢ 100
3
@
£ 125
150
175
200
225
250
300 Platform
- ANS
350 =—o— NOAA20 ATMS
o s
—
:gg =~ ™S S6
550 ~o~ SNPP ATMS
600
650
700
1§§ T - T T T
-1.0 -05 0.0 05 10 15 20 25 30 35

A = Retrieval — Truth (K)

TO SUSTAIN THE EARTH
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3¢

Level MLP (Clear Sky Ocean T) — asc=0/1, |lat]<90 — May 28 2025; obs {variou

 NOAA20 ATMS, TMS 52, THS S5, THS S6

11— N W ¥
I“ 1
iy
iy g
g
21 rodh
/,','
2]
34 - (]
//
5 -
7 -
104
'
]
’
L
n
201 4 Statistic |
:’ -~ Dias
g -- s
30
' | Lat|<90
]
i Clear sk
50 1 i y
\ ocean
70 4 ? |
: Asc/desc
100 “
’
125 l\ !
150 4 LR
175 * A
ggg: H Platform
250 " —a— NURAZD ATMS
300 4 o & o TMS 52
250 5 —e— IMS S5
400 ; —a— TM5 56
450 4 -
1 L]
-1 0 1 2 3 4 5 6

& = Retnieval - Truth (K)

Pressure Level (hPa)

Min, Max, Bias, and Std Dev of Tret vs. Pressure Level
MLP ATMS_BG NOAA20 100% May2025(day == 28))

(asc_flag == 0)(Ism == 0/1)(abs(lat) < 90);traindthday 2019 53M(64,128,64)

100 -

101 A

102 A

103 =

—e— Bias
—#— Std Dev

ATMS with
BG averaging
To CrlS fov

(0] 1 2 3 4
Magnitude (K)

N=1,439,094

Samples (after QC)

CUN\CREST

SCIENCE & TECHNOLOGY

Min, Max, Bias, and Std Dev of Tret vs. Pressure Level
AWS PFM BG MLP May 28 2025 ( Group 2 collocated)

(asc_flag == 0) (Ism == 0/1) (abs(lat) < 90);training day21-27
100 4 —8— Bias
~— Std Dev
|.01 .
NEW with BG
averaging to
89GHz fov
o] AWS is now
like ATMS
|_03 u
-1 0 1 2 3 a 5 6

Magnitude (K)

TO SUSTAIN THE EARTH




Retrieval Level 16, 500.0 hPa
MLP ATMS BG NOAA20 100% May2025(day == 28))

(asc_flag == 0)(Ism == 0/1)(abs(lat) < 90);train4thday 2019 53M(64,128,64)

N=1,439,100

60E 120E 180E

Retrieval minus ERA5 at Level 16, 500.0 hPa
Min: -8.73381, Max: 6.78747, Bias: -0.05114, Std Dev: 1.18256
AWS PFM BG May 28 2025 ( Group 2 collocated)
(asc_flag == 0) (Ism == 0/1) (abs(lat) < 90);training day21-27

WVQ - IO T R T —
g 8 S ARy W
S50, s S g s e

— e

270

265

260

255

250

245

240

235

(K)

(K)

Retrieval Level 16, 500.0 hPa
AWS PFM BG MLP May 28 2025 ( Group 2 collocated)
(asc_flag == 0) (Ism == 0/1) (abs(lat) < 90);training day21-27

90N s TR

60N
30N

EQ
30S
60S

905 - e ..-»\_._:4)

180w 60E

Retrieval minus ERA5 at Level 16, 500.0 hPa
Min: -6.12361, Max: 6.38845, Bias: 0.15526, Std Dev: 1.04970
MLP ATMS_BG NOAA20 100% May2025(day == 28))
(asc_flag == 0)(Ism == 0/1)(abs(lat) < 90);train4thday 2019 53M(64,128,64)
N=1,439,100

90N 7= .

S

270
265
260
255
250 g
245
240
235
230

o
(K)



Min, Max, Bias, and Std Dev of Qret vs. Pressure Level

. AWS PFM BG WV MLPMay 28 2025 ( G 2 collocated)
Tl'le Clty COHege (asc_flag == 0) (Ism == 0/aly) (abs(lat) < g%l;;ﬁrai;?ng cclaa;;21-27 c u N\c R EST

o

J.b! Of NCWYOI'I( ‘ —o— Bias SCIENCE & TECHNOLOGY \ TO SUSTAIN THE EARTH
102 1 : =& Std Dev
AI I th L d O VV Level Statistics (g/kg) - allsky ocean/land — asc=0/1, |lat|~90 — May 28 2025; training21;
-Wea e r a n + Cea n ‘ - AWS, NOAA20 ATMS, TMS S2, TMS S5, TMS S6, SNPP ATMS
| | Statistic
a | 25 OLD AWS T 2%
Platform NEW AWS with BG =0/
—— TMS S2 i |
© -~
300 1 ¢ —— TMS S5 < o
v @
g — TMS S6 v d
‘U > ; 8 350 1 Platform
e I — NOAAZO é ?El 2o :g:Azo ATMS
-C 0 © —e— TMS 52
— 400 - 4 e SNPP 4 s ] = s
q) \— i —e— SNPP ATMS
450 1
5 N=4,820,172 E
& 500 A 500 1
Q) 550
.
a. 600 o
N=4,715,740 .
700 - 700
750
N=4,465,071 ]
800 - o
‘ N=4,235,975 850 1
900 - ‘ s ]
ﬂ 10° 4 | N=2,677,186 25
1000 T T T ‘ 1008 ; - }
-05 0.0 05 0 15 20
_0'5 0'0 0'5 1'0 1'5 2'0 ‘ 0?0 0?2 01_4 0f6 018 1?0 Mixing Ratio Error (g/kg) = Retrieval — Truth

Mixing Ratio (g/kg) akg



rvi e, Pan | 11 \

Min, Max, Bias, and Std Dev of Qret vs. Pressure Level Min, Max, Bias, and Std Dev of Qret vs. Pressure Level :REST
MLP ATMS_BG NOAA20 100% May2025(day == 28)) AWS PFM BG WV MLPMay 28 2025 ( Group 2'c9IIocated) )
(asc_flag == 0)(Ism == 0/1)(abs(lat) < 90);traindthday 2019 53M(64,128,64) (asc_flag == 0) (Ism == 0/1) (abs(lat) < 90);training day21-27 RSN SRR
—e— Bias —e— Bias
102 . —#— Std Dev 102 1 } —#— Std Dev
]
) ATMS BG @CrlS fovs NEW AWS with BG
= ©
o —_ o —_
£ s = <
T g g .
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g s 3 £
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3 oy =1 a
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103 A N=813,585 10° N=2,677,186
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Retrieval Level 7, 850.0 hPa Retrieval Level 7, 850.0 hPa

(g/kg

AWS PFM BG WV MLPMay 28 2025 ( Group 2 collocated) MLP ATMS BG NOAA20 100% May2025(day == 28))
(asc_flag == 0) (Ism == 0/1) (abs(lat) < 90);training day21-27 (asc_flag == 0)(Ism == 0/1)(abs(lat) < 90);traindthday 2019 53M(64,128,64)
N=4,379,771 N=1,311,052
90N 90N T a————
60N 60N
30N 30N
: 8 o EQ
EQ TE)
N 30S
30S 148
60S
60S
9OS T T T T T T 1
905 - ; . . . . | 180W 120W 60W 0 60E 120E 180E
Retrieval minus ERAS at Level 7, 850.0 hPa Retrieval minus ERAS at Level 7, 850.0 hPa
Min: -8.58034, Max: 9.05567, Bias: 0.05598, Std Dev: 1.05925 Min: -9.22011, Max: 9.64829, Bias: 0.06859, Std Dev: 0.97271
AWS PFM BG WV MLPMay 28 2025 ( Group 2_c9|located) MLP ATMS_BG NOAA20 100% May2025(day == 28))
(asc_flag == 0) (Ism == 0/1) (abs(lat) < 90);training day21-27 (asc_flag == 0)(Ism == 0/1)(abs(lat) < 90);traindthday 2019 53M(64,128,64)
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2 60N 1
1 30N
g E
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-1 30S
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The C

Validation Map: Std by Variable and CLW Percentile Bin
AWS PFM BG SKIN TPW CLW TCRW MLP May 28 2025 (Group 2 collocated)

Of N( Skin Temperature - 3.7938 2.3816 2.1754 2.3253 2.3080 2.4044 2.7008 2.6947 5CIENCE & TECHN Y T TAIN THE EARTH
Total Precipitable Water - 1.4023 1.7617 1.9394 2.1152 2.2924 2.5997 2.9948 1.9963
Cloud Liquid Water 0.0090 0.0218 0.0317 0.0499 0.0775 0.1173 0.1865 0.0620
Total Rain Water Column 0.0010 0.0021 0.0111 0.0472 0.0868 0.1566 0.2554 0.0756
\o ole o ol oo oo oo o
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Retrieval Retrieval

MLP NOAA20 ATMS-BG 100% May2025(day == 28))
(asc_flag == 1)(Ism == 0/1)(abs(lat) < 90);train 2019 53M
N=1,474,781

AWS PFM BG SKIN TPW CLW TCRW MLP May 28 2025 ( Group 2 collocated)
(asc_flag == 0) (Ism == 0/1) (abs(lat) < 90);training day21-27
N=4,820,332
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Students developing CSPP Visualizations CUNY \CREST
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VERTICAL CROSS-SECTION (RETRIEVAL)

Load Profiles

TEMPERATURE PROFILE (RETRIEVAL) WATER VAPOR PROFILE (RETRIEVAL)

LOWER ATM (7680
HPA)

JO1 Temperature Retrieval
2026-03-01 | n=14,976 profiles SURFACE PARAMETERS (POLYNOMIAL MODELS)

Mean (n=14,976)
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Summary

* Developed MLP Weights for CrlS only, CrIS/ATMS, ATMS I8y 29, 2025: MSIOP- 8-

X-SECTION -30 (S) Latitude, 100W to 80 W Longitude
IASI ,and AWS CCNY IASI EUMETSAT IASI
ERAS Truth

. Retrieval performance are very good!! Outperforms - e oea
NUCAPS and MIRS. ) I'HI"" l
*  We plan to add to CSPP, along with some applications ) " | "
tools - e.g. Skew-T plots, Stability Maps, and more ) - »
g 8501 284 . 284 Er L
. We are working closely with partners (NWS offices, ‘ "h” | ., I
University of Alaska, GINA). | II ‘ } i il
78 278 “I‘I "

o Working with EUMETSAT on comparisons with IASI SI03450-125 003450425 0 30532 ss0 35 -s00-875 -850 -023 -0 mll EREEE

e 4

Looking how to integrate ground-based observations for certain areas

May 28, 2025, MeTOP-B.

1000

Network # CONUS Stations TemporalRes Approx Spacing Free Access XSECHONSSU(S) Lattice 1 S0W oSO WESgRde
RS ol EUMETSAT IASI

ASOS ~900 1 min 50-150 km Yes (IEM, NCEI) R

700 700 "I'“Y
AWOS ~1,500 1 min 30-100 km Yes \

\
| | N\

State Mesonets (combined) ~2,000 5min 20-50 km Yes (most) \ \ \
CWOP/MADIS personal wx  ~20,000+ 5-60 min 1-30 km Yes (MADIS) % s = .. R
MesoWest/Synoptic 100,000+ 1-60 min <1km urban Free academic \

925 i \\ \\
DOT RWIS ~2,000 1-10 min 10-50 km Yes (state DOTS) \ A\

1000 - - - D \»\

NOAA CRN 114 Smin ~200 km Yes



