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= Current progress: (how to detect SIC)

—Laboratory;
—Field;
—Remote Sensing;
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Permafrost over Tibetan Plateau
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Permafrost over Tibetan Plateau™

(K. Yang et al. 2014, GPC)
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Fig. 9. Trend slope in annual mean values of observed predpitation, simulated evaporation, runoff and soil moisture at the Plateau OMA stations over 1984-2006 (modified from Fig. 4in

Yang et al, 201 1c). The solid triangle symbol indicates a trend passing the t4est (p < 0.05) and its size indicates the magnitude of the trend.
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Decadal changes of permafrost degradation

?ﬁﬂ . % The annual change of Active Layer

40 é Thickness is at mm - cm scale.
3.0 a

wig ¢

75° 80° 85° 90° 95° 100° 105°

Active Layer Thickness(m) '

(a) ALT 40°
0.0 : : : ; . : ; — A
08 ||E1995 C11996 £11997 £11998 M 1999 E2000 M 2001 5
06 | @2002 M2003 W2004 W2005 ©2006 W 2007

04

S e i)

0.4 agr
<0.6 | (b) ALT departure ‘ ‘
-0.8

=]

KMl KM2 CMI CM2 WDI WD2 FH1 TGl TMI ADI

]

city
Qinghai-Tibetan Highway

I.O I — rozen s
0.8 s kmi = KM s CMI : 25° | . oman
fi 0.6 : wh{l)z c: Fll'\ldl . TGD|I N 200 0200 400 Kilometers
0.4 o ADI —o— average - - - - -
0.2 . B 80 85 90 85 100

00 +
02 3
04 3

06 () ALT change

0.8 s
@) 1994 199 1998 2000 2002 2004 2006 2008

svc  UNIVERSITY OF TWENTE. 3rd International Surface Working Group (ISWG) Workshop 7/29/2019

(Wu & Zhang, 2010, JGR)




//Z}% Solil ice content enables tracking ALT changes at mm-cm scale

subllmatlon redlstrlbutlon SIC PI’OfIle
v por flux ,j /
(a) Mid-day Temperature 7(°C)
dilation crack 8 4 2 /0 2
formation 0.1 B L . ; .
w‘. / : m
egregated |ce formatlon zero curtain N
" T Evaporation
h Llld water migration L [ SR U [ R
* | d / < Front
=
two-sided §' G N
" i o
desiccation freezng «\ | | [.______. % __ql. B &~ Cold Front
vr i o
—q, N
\ - : Freezing
P e ‘ ' ~  Front
i 4 2 0 2 4 20 00 01 02 03%
permafrost / Flux (10°g cm?s™) 6 (cm’ cm®) §

water fluxes

heat fluxes

Hydrologic and thermal conditions of the active
layer during freeze-back and winter periods

(Ming-ko Woo, 2012, Permafrost Hydrology)
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With Soil Ice Content (SIC), one can see

exactly how the active layer is freezing back.
STEMMUS-FT Model (YU, Zeng & Su, 2018, JGR)
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Do we need to detect soil ice content with such details?

(Fatichi, et al. 2012, ETH)
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Do we need to detect soil ice content with such details?

Soil temp.
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The seasonal soil temperature
variations can be clearly observed
in both simulations.

Although the amplitude of surface
temperature variation is the same
for the two runs, as temperature
propagates downwards, the
fluctuation of soil temperature start
to differ at deeper soil.

(YU, Zeng & Su, 2019, unpublished)
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- Zero Curtain

Zero-curtain effect is that the
phase transition rate is slowed
down due to latent heat
release/absorption, resulting a
relative flat variation of soil
temperature near the freezing
point temperature (i.e., zero or
subzero degree).

>WG) Workshop 29-7-2019 9




Do we need to detect soil ice content with such details?
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Soil moisture at different soil layers
looks similar, and no significant
drop at subzero temperature.

Soil moisture reduction due to ice
content can be seen below the
freezing temperature.

(Yu, Zeng & Su, 2019, unpublished)
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Time (d)

(Yu, Zeng & Su, 2019, unpublished)

11

29-7-2019

3rd International Surface Working Group (ISWG) Workshop

» L6911 n 681
2 STSTT - 8y
= €SETT = €Ly
= 8111 = o
$ e g 3 i
?. ._n 59901 ,_. ._| “.”.-v
£6101
S ZE0T 333
— 6r10T sty
e 1266 Lo
a 5086 60%
b ££96 o8
e 96 €6€
S =
cved LLE
h €448 69¢
C 1098 19¢
62v8 333
u 518 SYE
S 5808 L£€
tl6L (43
N oy we
; 1383
..—“. £6¢4 SOE
STTL '
W £50L £6%
1889 687
dd 6049 182
n L£59 1744
599 592
(D) 619 - ST
+=—) Y vz
n oy & — we
- s = p
O w st g 334
(&) £6€S st
1915 L
e 685% 602
L1y 102
(&) SEar 61
" — £Lvw 81
— -
u —
o =
S8LE
S €19 st
e £14 9
= 692€ €1
(@) L60% 621
e ST 121
— £5LT £Ir
[¢b) MMM 0T
g ®) 1324 -
5907 68
O £68T 18
T €L
- 6¥ST 59
d LLEX 5
SOZT &
D “
D e n
(e s 3¢
SVE Ly
e 74 6
1 1
W X} 0] - W ~ n - " o
o o - ~ - (=
o .

UNIVERSITY OF TWENTE.

ITC



» Permafrost plays an important role in hydrological
and biogeochemical processes over Tibetan
Plateau:;

» To track permafrost degradation (ALT changes) at
mm-cm scale, we need to detect Soil Ice Content
(and to understand the freeze-thaw dynamics: two-
sided freezing, zero curtain effect ...);

= The presence of SIC (therefore, freezing-thawing
processes) affect hydro-thermal states of soil, which
will subsequently influence the land surface fluxes,
vegetation dynamics and relevant carbon cycles.
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ITC

SIC Is Important to understand PCF, BUT ...

= Current progress: (how to detect SIC)

—Laboratory (NMR, Gamma Ray Attenuation,
Dielectric Constant Model);

—Field (Cosmic Ray Neutron Probe);
—Remote Sensing (via Data Assimilation);

UNIVERSITY OF TWENTE. 3rd International Surface Working Group (ISWG) Workshop
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Laboratory (Gamma Ray Attenuation)
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To improve TSWC/SIC derivations

1. CRP Neutrons correction () Assimilation Scheme ‘ \
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’ Assimilating cosmic ray neutron counts for SIC detection

_ _ -TSWC
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% Assimilating cosmic ray neutron counts for SIC detection
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7 Remote Sensing

'?//

Extend it to satellite remote sensing?

Data Assimilation (ongoing)

USWC, ST, SIC STEMMUS+TeC, CMEM, TorVergata USWC vs. ST (sub-zero temperatures)

. In situ observations (Maqu Super Site, brightness temperature - ELBARA, neutron counts);
. Laboratory experiments (Gamma Ray Attenuation)

. Physics-based process model (e.g., soil water and heat flows, STEMMUS-FT model);

. Forward observation simulator (e.g., radiative transfer model, CMEM, TorVergata);

. Data assimilation (e.g., assimilating brightness temperature);

ITC UNIVERSITY OF TWENTE. 3rd International Surface Working Group (ISWG) Workshop 29-7-2019 19
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Extend it to satellite remote sensing?

Data Assimilation (ongoing)

USWC, ST, SIC STEMMUS+TeC, CMEM, TorVergata USWC vs. ST (sub-zero temperatures)

. In situ observations (Maqu Super Site, brightness temperature - ELBARA, neutron counts);
. Laboratory experiments (Gamma Ray Attenuation)

. Forward observation simulator (e.g., radiative transfer model, CMEM, TorVergata);

1
2
3. Physics-based process model (e.g., soil water and heat flows, STEMMUS-FT model);
4
5. Data assimilation (e.g., assimilating brightness temperature);

UNIVERSITY OF TWENTE.

3rd International Surface Working Group (ISWG) Workshop

Soil Ice Content (SIC) can be
indirectly detect with lab and field
experiments, via determining Total
Soil Water Content (TSWC),
Unfrozen Soil Water Content;

Assimilating cosmic ray neutron
counts can update TSWC for the
better detection of SIC;

EO for SIC detection need to deploy
the OSSE approach, while putting
also efforts into laboratory/field
experiments to understand the
fundamental physics.

29-7-2019 20



Challenges

pecial Interest Group of Land Ice and Snow

uropean Association of
emote Sensing Laboratories

9th EARSel workshop on Land Ice and Snow

Remote Sensing of the Cryosphere: Monitor what is vanishing

03 - 05 February 2020, Bern, Switzerland

Preliminary session topics

» Glaciers and Ice Caps

» Snow cover (regional to global scale) IS SO” |Ce COntent deteCtabIe
* Snow hydrology from remote sensing?

« Snow on sea ice and glaciers

« Albedo of the cryosphere

» Cryosphere and climate

Cryospheric modelling and data assimilation

New technologies (sensors/methods)
« ESA CCl+ snow

EUMETSAT operational services

)
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BACK UP SLIDES

svc  UNIVERSITY OF TWENTE. 3rd International Surface Working Group (ISWG) Workshop 29-7-2019 23



GAMMA-RAY-ATTENUATION MEASUREMENT
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7 ~ GAMMA-RAY-ATTENUATION MEASUREMENT
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MIRONOV'S APPROACH
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L9 ELBARAII: Neutron Counts:

N Zheng, 2019, RSE; Peng, 2017, MSc thesis;
Zheng, 2017, IEEETGRS; Mwangi, 2019, MSc thesis;
Tabalia, 2016, MSc thesis;
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Forward Observation Simulator

Biogeochemical Cycles ’
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Forward Observation Simulator (CMEM)

| 4
CMEM: from Fortran to Matlab @ - 1) The ELABRA brightness temperature
il observation is reliable;
e ~ wm.uta . 2) LAlinside/outside of the ELBARA's
o e T —— footprint can explain most TB
i difference between SMAP and ELBARA;
o Also the difference as seen here.

WRF-ARW/NWP

) 3)  Skin freezing/thaw status cannot be
Most of CMEM functions are avail in Matlab now for - = i ) .
In-site study. : iz ignored.
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7 Forward Observation Simulator (TorVergata)

¢ Seamermy

Model physics - TVG -
The discrete scattering model named Tor Vergata S el

FhBE |

/s

Eq. 1 T (= e * Tpyp) p
sind,

Eq.2e,(0,4) = 1 - = [[77 (09, (05 i 0, 8) + 09,0y b 0. $)] 50 d0,d

Leaf layer, Rayleigh-Gans approximation
for each disc (Permittivity € and bistatic
scattering coefficients) +

Matrix doubling algorithm for integration.

Litter layer, extra layer as a dielectric
mixture of air, water and Soil sws « 4 201

%~ [Bracagha ot al. 1995)
v« (Femrazzoli ot al 1936)
.

Aided by in situ soil moisture (SM) and soil temperature profile
measurement, this preliminary study demonstrated a necessity of an
air-to-soil transition model (AS) for understanding seasonal L-band

radiometry.

Base_ Lv —— Base Wil —— AS Lv —— AS Wil AS Lv2.5

L — gmotst X (1 = Pary yyoaa))

£;0 -Mironov model
0.3 x lircer _siope

Eveg = (1+ ﬁl!rrr(\"[.’ra[ - 1)):

Soll layer, a specular coherent component --the
Fresnel equations corrected for surface roughness +
a diffuse incoherent component: IEM model assuming
an exponential autocorrelation function.
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