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Motivation

To Build a Global Daily Snow Depth Monitoring Database

- Especially important in regions where very few in situ
observations, e.g. Arctic sea ice and Antarctic sea ice

- Global coverage, both snow over sea ice and snow over
land surfaces
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« Huetal.,2022 & Lu et al., 2022 described how snow depth is derived using ICESat-2 lidar multiple scattering

measurements.

« ICESat-2 provides high spatial resolution snow depth along the ground track, but with limited coverage.
» Passive microwave AMSR-2 measures weak and indirect signals, but provides near global coverage just in one day.
* This work is to combine ICESat-2 and AMSR-2, using snow depth from ICESat-2 as truth to train AMSR-2 brightness

temperatures with a neural network algorithm.
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Neural Network Algorithm

This work used a neural network algorithm, employing several channels from AMSR-2 along with
atmospheric profiles to determine snow depth. ICESat-2 snow depth data for 2019 winter months were
collocated with AMSR-2 (within 1km) and matched in time (within 1.5 hours) over the Arctic sea ice.

Training Data:

- Microwave Radiometer (AMSR-2) on GCOM-W1 satellite launched by JAXA on May 18, 2012,

Sun-synchronous polar orbital, 1:30 pm equatorial crossing, 1450 km scan.

AMSR-2 Channels —

Training Truth:
- Snow Depths from ICESat-2 lidar measurements

Center Frequency | Ground Resolution Re-sampled
(GHz) (km) (km)
6.9 35x62
10.65 24x42 10
18.7 14x 22
23.8 15x 26
36.5 7x12
89.0 3x5 5
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Neural Network Algorithm — Cont.

Neural Network Inputs:
- Latitude, Longitude
« AMSR-2 Brightness temperatures and their Brightness temperature differences (BTDs)
« Atmospheric Vertical Profiles from GMAO GEOS-IT and skin temperature

Output:
« Snow Depth (hnAMSR-2)

Training Season:
« 2019 winter months

Validation Season:
» 2020 winter months



NNAMSR-2 Snow Depth (m)
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- Stats from validation are similar to that from training
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Validation (Feb. 2020)

- N(nNAMSR-2 MAE ~7cm & RMSE ~ 10 cm
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RMSE = root mean square deviation

MAE = mean absolute error
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Validation Results, February 2020
NNAMSR-2 snow depth (m) NNAMSR-2 snow depth (m)

on ICESat-2 ground tracks on AMSR-2 full swath

Good agreement between nnAMSR-2 and ICESat-2, overall.

Almost no bias globally between ICESat-2 and nnAMSR-2.

StdDev of nnAMSR-2 seem always smaller than ICESat-2.

Full global coverage when applying trained neural network to AMSR -2 swath data.

Might have larger uncertainties of nnAMSR-2 at lower latitude, < 70°, due to lack of snow in the
regions during training.

(m) Mean StdDev
ICESat-2: 0.23 (0.11)
NNAMSR-2 track: 0.24 (0.08)
NNAMSR-2 swath: 0.25 (0.08)




Daily Snow Depth Example
Applying trained neural net to AMSR-2, February 17, 2020

ICESat-2 Snow Depth (m) NNAMSR-2 Snow Depth (m) Snow Depth Difference (m)
L=0.33(0.14)05&?‘2&%&%0.24(0.10) L=0.34(0.10)Etfgf((l;%lgm:o.u(o.os) (ﬂﬂAMSR-Z — ICESat-Z)

7

_—_—

Bias: 0.01m
StdDev: 0.08 m

/] !
I _ N |
<0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1> << 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1>> =< -0.4 -0.2

- nnNAMSR-2 has a near global coverage of snow depth just in one day
- Accuracy of nnAMSR-2 over ICESat-2 tracks, for 02/17/2020, ~ 1cm
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Daily Snowfall & Snowstorm Rate Monitoring
NNAMSR-2, Feb. 2020

20200205.0 :pthMap 20200206.n hMap 20200207

Day5-Day 4 Day 6 -Day4 Day7-Day4

L=-0.00(0.06)0=0.00(0.04)LO=0.00(0.04) L=0.01(0.08)0=0.01(0.05)LO=0.01(0.05) L=0.02(0.09)0=0.01(0.06)LO=0.01(0.06)

JepthMap

<< 0
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Daily Snowfall Validation with AMSR-2 (February 2019)

20190202.; M 201902¢( pthMap

subset [-1i D a 2 10.01 subset D a 5 ), 90.0]
y Overcast y

L=0.38(0.13, . ..o ovrrovyor e oy )-10) Lo 24(0.08)

w Day5-Day2

North Pole
L=-0.03(0.11)0=-0.01(0.07)LO=-0.01(0.07)

nnAMSR-2

- For 1styear &
multiyear snow

- ~10 km footprint

AMSR-2*

- Less than 50 cm,
mostly 1styear
snow

-12.5 km footprint

*Meier, W. et al.
2018. AMSR-
E/AMSR2 Unified L3
Daily 12.5 km

T
€< 0 0.002 0.004 0.006 0.008 ©0.01 0.012 0.014 0.016 0.018 0.02 :

Snow depth
agreement between
the two datasets ~ 5
cm, note: only for
1styear snow.

Both datasets
indicated the same
regional snowfalls
or showstorms.

Snowfall
accumulation up to

-6 cm for nnAMSR-2
-2cm for AMSR-2
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Daily Snowfall Validation with CMC (February 2019)

Ja

“ii Day24 o el Day 26 ol » Day 26 - Day 24

- Large regional snow
depth disagreement
between the two
datasets

L=0.35(0.13)U=0.25(V.UY)LU=U.25(V.10) L=0.35(0.11)0=0.25(0.09)LO=0.25(0.09)

North Pole
1=-0.01(0.12)0=0.01(0.08)LO=0.01(0.08)

nnAMSR-2
- For 1styear &
multiyear snow ST
- ~10 km footprint wies

P i al> - Both datasets
indicated the similar

regional snowfalls or

snowstorms.
CMQ* | - Snowfall
-No |n—SITcu obs accumulation up to
over Arctic 10 cm for nnAMSR-2

- 25 km footprint 15 cm for CMC

*Brown, R. et. al. 2010,
updated annually.
Canadian Meteorological
Centre (CMC) Daily
Snow Depth Analysis <o i i R e




Cryo2ice Symposium 2024

= ICESat-2
= NNAMSR-2
o ICESat2 Snow Depth (m) along ICESat-2 Tracks D AR 2 S BRunMean)
12| ® nnAMSR-2 ; | — ; CMC
[ o aveR =% & NNAMSR-2 — ICESat-2 =0.01% 0.1 m, MAE =0.07m  Dec 28 2019
e e |
. e - = - ‘- o . _ =
£ T sy ~ mfEaE e ¥ - - m=
2 - =l s o . | — . = -
E " T 0) Iy g ’u-_--il.= ,,,,,,, _- ................ - T —-_ ,,,,,,,,,,,,,,,, e -. ,,,,,,,,,,,,, B S 5 R sosgsineg o —
&4 L - T s = - - el N e e A g2, = e e, s
oal :'t-l:-"i_.._-__gf'-_;:?--: : iy _-_-..-;__1-__.__-__:.-—- g .:_.__ 3 -=_’_____.=-...-—-=_:_‘.._____J‘- - _:= - _h:.= ::_‘-_‘_ o
P . 5.1
02 331, 122I.54, 0.90 I 1.99; 48I.32, 8.75 I 9.98. 29OI.44. 11.93 I 6.42, 250l.48. 15.07 I 6.99, 201I.7O, 18.22 I 14.98, 19.’I2.00. 18.25
L5 T T T T I !
i NNAMSR-2 — ICESat-2 =0.02 £0.08 m, MAE = 0.06 m Jan 22, 2020 |
1 — — S \— P — -
U S — O e RO, . e
,g - -— _ at Z =
= 06 g B 2. il
5 B - - — - -_ - e — - &
:é [0 17 1| A __.____-—_:-— ..... s s -=‘_-—- ..... =:-_-:"'_ AAAAAAA oSS - _;== ..... TS —_-—_- ,,,,,,,,,,,,,, all
A B _ i _:-_ '- ﬁ_‘_’_—:___ - e _: "‘_—'Fr':_-_ :"-'H_‘- _—.':_...::_'._: - :_—-_‘ - --_ = e & = i . - - -- _
02— = s - T =l - I I o T L I S S
. — 2 == = s g e =L e, — ey B
o) R S 5555 Al
| 1 | | | 1 | ! | 1 |
0-2 2.38, 120.59, 1.22 2.37.292.06. 13.78 8.59,222.61. 15.38 7.69. 200.66. 16.95 6.65, 179.51. 18.52 4.38, 142.71. 21.65

Latitude, longitude, time



Cryo2ice Symposium 2024

- ICESat-2
o ICESat-2 Snow Depth (m) along ICESat-2 Tracks s~ -
o5 ® nnAMSR-2 - CMC
- AMSR-2 ' ' _ ' + ! ' I|
|| ®ocme = NNAMSR-2 — ICESat-2 =0.01 =0.09 m, MAE = 0.06 m Feb 27, 2020 |
O 8 F— Ry e - .......... _ — ......................... Ry B iy SRRt B B s s i i Qs s i s s i n s o —
g 0.6 - — - = .‘ 32 o i . - ) = = =
2T - . - - e & - 1
% O 0 I R T PR TP TIPS S N5 ... I '-n.......q_: ~~~~~ _':—_ ~~~~~~~~~ -l '—._.'____.. ------------------------------------------ —
= e < - — .—u._'_ - — -_: e - i‘!- _-—
I = - —= b B —_‘_.-:: i ___;': - =§'Z'__. _—: e - g o — .g___l'- sy -_'-_—
o _— e — _—:-'—_—‘.'—":r -:_..—==‘-:: _-_q.ila- S T Sy e Se— R = _— :_._-:' e --"'—:‘-':i—- :"-&:__J"_'____;_
P O et Tttt o 7 s T _
023 50a, 153I.07, 23.95 ' 2.62, 81I.30. 1.53 ' 8.65, 20|,85, 3.13 ' 6.74, 1|.19, 4.70 ' 3.22, 103[,09, 6.23 ' 241, 63I,08, 7.80
152 T — |— T T + I T
T T _ NNAMSR-2 - ICESat-2 =0.06+0.08 m, MAE = 0.08 m March 2, 2020
SO O, i S = S _
= i - " i .
= 06 z - _ = ) —
g - = — - - = il
% O 20— e s e e e e e e e e e e e e et s Sl R e o B e e ; ............................... BB O e oo e e ne e e e e e e e e e e e e e e e e e O AR L R A S —
R i . e = - = = 3 =n z el = |
i i R L e T i e T o S
02— :- —l—_-——-'-‘- = - B o — —_._‘ - —- ﬁ-_ - -—_— ? — 5 — —é
0 P R R R e —
0-2 507, 64'.62, 23.87 ' 4.45, 33[.46. 2.98 l 4.36, 10|.45, 4.55 I 2.29, 58|.11, 7.67 l 3.61, 35{71, 10.80 ' 3.39, 331.74, 10.80

Latitude, longitude, time



Cryo2ice Symposium 2024

Increasing

Show Monthly Reglonal Snovvfall Monltorlng Data Products
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Snow Depth on Sea Ice:
* Work completed:
Daily Snow Depth Product of n[nAMSR-2 over Arctic sea ice, 2012 — present.
If interested in this product, please contact any one of us below
Sunny Sun-Mack (szedung.sun-mack-1@nasa.gov)
Yongxiang Hu (yongxiang.hu-l1@nasa.gov)
Xiaomei Lu (xiaomei.lu@nasa.gov)
« Work planned:
- Extend the same product to Antarctic sea ice.
- Extend the product record length to AMSR-E (2002 — 2011) & AMSR-3 (launch in 2025).
e Paper near submission.

Snow Depth over Land Surfaces:
 The plan is to have a Daily Snow Depth Product of nnAMSR-2 over land.
« The initial work is to access the uncertainties of ICESat-2 snow depth over land by validating with
NASA SnowEX.


mailto:Szedung.sun-mack-1@nasa.gov
mailto:yongxiang.hu-1@nasa.gov
mailto:xiaomei.lu@nasa.gov
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ICESat-2 Snow Depth over Land, Validation Case 1

« SnowEX snow depth data on March 15, 2021 (NASA SnowEX results)
« |CESat-2 snow depth results on March 18, 2021 (Our method)
« Surface elevation differences between snow on and snow off:
ICESat-2 data on March 18, 2021 (snow on), and June 21, 2019 (snow-off) (Snow on/off method).

Mores Creek, Idaho

(mountain regions, elev ~ 2 km) SNEX20 QS SD_0.5M USIDMC 20210315 20210315
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ICESat-2 Snow Depth over Land, Validation Case 2

« SnowEX snow depth data on Oct. 26, 2022 (SnowEX results)
« |CESat-2 snow depth results on Oct. 29, 2022 (Our method)

Alaska

SNEX23 lear ACP_SD_ 20221 026_ V01 snow

T T
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ATL03 20221029151 71 9 05941 705@beam 1
- ATL03_ 202210291 51719 05941 705@beam 2

-148.85 -148.8 -148.75 -148.7 -148.65 -148.6 -148.55

0.05

10.04

10.03

0.02

0.01

Snow depth (meter)

Snow depth (meter)

SNEX23_Lidar_ ACP_SD_20221026_V01
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Future Plan

Snow Depth over Land Surfaces:

« Continue ICESat-2 snow depth validation

* Develop a neural network algorithm training AMSR-2 data with ICESat-2
snow depth over land as truth, to produce a daily snow depth product
(NnnAMSR-2) over land.
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ICESat-2 Snow Depth over Land, Validation Case 3

« SnowEX snow depth data on Feb. 9, 2020 (SnowEX results)
« |CESat-2 snow depth results on Feb. 22, 2020 (Our method)
« |CESat-2 Snow-on: Feb. 22, 2020. Snow-off: SnowEx DEM on 2021-09-17

Mores Creek, ldaho
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