Wavemill: Cryosphere
Applications

Kim Partington



APo/ar Imaging
Key Drivers: Marine Cryosphere

Northern Hemisphere Sea Ice Extent

Decline 1n sea ice thickness

LENERELENCEEL B B B B BT B BT BT L

L

T

16 3oorrElseoE R P ‘0 o : : pofored eorecfreneadeny 16

15f A P TSN Y «A ; 15

Estimates of Arctic sea ice thickness V) N OV OO SN O SO U D O e e Y BT N 14

_ 13 il Pyt T PR IR 0. RE

g 1 :ir:zzlz

£ AT PP R R A g0 T O

S 10 L TER VN S N T TR Y

E 9 : : : ' Foie g

5 0 |7

- e

3 6 : : 6

s O =—= annual |5

e 4 +—= winter (JFM) |4

3 +—e spring (AMJ) 3

> ~—a summer (JAS) 12

1 +—e autumn (OND) ¥ : 4

c ';T"":""ss“"“ Ct OOIIDlOlmlOlmlolm o 0 O W C‘D n ©C un O uw C u o u"’ OO
2004-2008 February/March 2012 February/March estimate 885555333 383888563383388873
estimate from ICESat from CryoSat-2 TTTTsTToTTTos oo s s s e e e s ad

Decline in sea ice extent (Arctic)



A roiar Imaging
Key Drivers: Land Cryosphere

Decline 1n terrestrial snow cover

Anomalies in Northern Hemisphere Snow Cover
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4

- N W

1965 1970 1975 1980 1985 1990 1995 2000 2005 2008
Source: GSL, Rutger University, 200

- o

Lo

No Data Ice/Snow Free Probable Melt Melt No Melting

Summer 2012 melt over Greenland



APQ/QI‘ Imaging

Key Drivers: Arctic Operations

[’Key marine
routes
{ Zones of
Key marine marine activity

) routes B Hard minerals
B Marine tourism
__| Major fisheries
B Oil&gas
|
m

Summer sealift
Research



Key Utilisation Needs

Type Key utilization need

1. Role of cryosphere in sea level rise
2. Sea ice mass balance and freshwater redistribution

Climate and Science 3. Sea ice model development and interactions
4. Surface energy balances
5. Design for infrastructure and operations
6. Ice charting (routine and custom)

Operations 7. Hazards and tactical support (icebergs, avalanche risk, ice jams...)

8. Water resources (agriculture, power, etc.)

Numgrriecaailcﬁvoenather 9. Global and regional-scale numerical forecasting




APQ/QI‘ Imaging

hat can Wavemill contribute?
i
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Polar Imaging

Potential role of
Wavemill
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Particular Wavemill
capabilities

Wavemill compliant
spatial resolution

Wavemill compliant
temporal resolution

Uncertain

GCOS observation requirements 2007

Operations: goal (threshold) Climate: goal (threshold)
PARAMETER Spatial T | Spatial T |
pa I? empo'ra Accuracy Comments pa I? empoira Accuracy Comments
resolution | resolution resolution | resolution
SEAICE
Ice extent / ice 0.1km (10km) <1d 0.1km 1-5km I 1d Skm (10km) GCOS 2011 ?}:{eaﬁes 7d
edge (10km) (10km) revisit
ice concentration 10km (15kn ) 1d I 5% (10%) S;iome stoulries spetC]f\I/
own to 1km spatia
ice classification 10km (15kn )I 1d 5% (10%)
] [ ]
I I Up to 20km spatial
ice thickness 0.5km 1d 10% resolution cited (SA Sea 25km I 1d I 0.1m 5km cited by SA Sea Ice
aam lce CCD URD 2012)
leads / polynyas 0.1km 1d 0.1km? 25m C|te((:|“fcovt;lgp))eratlons 10km I 1d I 5%
0 0, T
meltponds (% 10% cited (IICV\(G, NWP 0.5km I 1d 1.5%
area) and operations)
ri 1m (2m)
X . 0.5km/d 1km/d 6hrs (regional NWP) to 7d
ti 0.1km (25k 1d 1km (25ki 1d
I'ce moton m (25km) (3km/d) m 23k (3km/d) (GCOS-2011) cited
tnow depth on ic Skm (10km 1d 2cm (5¢m)
melt onset 10km (15kn ) 1d 1d (2d)
ICEBERGS
size (O()-F:)Ollkkmn; 1hr (1day) 30%
position
draft
telocity I I
FRESHWATER ICE
river ice edge
location
rverice 30m 1d 5% 30m 1d 5%
concentration
river / lake ice I
concentration
river / lake ice
thickness l — J
éemnmow
opography 30m (100m) [ 1yr (5yr) 1Im (5m)
Itopographlc 1km (Skm) 1yr (Syr) 5cm (10cm)
chonge mwm 4
urface velocity 20m (100m) I 30d (1yr) [ 10m/yr (5%)
‘
now : 1km (25km)  180d (1yr) lem/yr
ccumulation
now mass on 100m 10%
1d (6d
d (500m) (6d) (20kgm™)
permafrost 30m (100m) I yrsy) | 1msm)
topography
freeze/thaw cycle 0.1km (1km)l 0.5d (6d)
of soil




APo/ar Imaging

Sea 1ce motion

* Instantaneous motion VS . International Arctic Buoy Program |,~

Buoys and NSIDC Ice Concentraf
60-day Drift Track :

mean ﬁeld '\!\, 17-Mar-2014
 Precision 2.5 cm/s

e Mean field from
conventional SAR
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APQ/QI’ Imaging

Terrestrial snow water equivalent
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* Good supporting analysis
including field observations
from CORE-H20

e Sensitivity —to lcm SWE

* Good range — to 2m snow
depth

« Sampling adequate

« Topographic influence —
direct mitigation from
INSAR?




APQ/QI’ Imaging

Sea 1ce snow depth

« Lower range of snow
depth sensitivity than
terrestrial snow — cms
rather than tens cms?

 Lack of field data

* Important for
altimetry
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Ice sheet snow accumulation

e “Current” snow
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Key parameters

 Incidence angle 20° vs 30°

— Mixed, depends on product

— No evidence of show stopper for any application
* Dual polarisation

— Useful in some cases at 30°

— Not so useful at 20°

 Wide swath

— Useful to augment sampling



Conclusions

Novel estimation of high frequency sea ice motion, currently not sampled by any
spaceborne sensors;

Sampling of the thin surface layer of the cryosphere facilitated by the high operating
frequency (Ku band), in particular snow cover, which is inadequately sampled by
existing spaceborne sensors.

Observations of poorly sampled dynamic processes, particularly in regard to the
marginal sea-ice zone and terrestrial snow cover;

Complementary observation capabilities to many existing and planned satellite missions,
including altimeters and SARs, that would enhance the interpretation of observations
from those sensors.

The ability to observe currents and other oceanographic parameters in polar waters, in
polynyas and larger leads, providing insight into ocean-ice interactions within pack ice.

Speculatively, some interesting possibilities regarding the synergistic use of multiple
parameters from Wavemill that could result in innovative products, for example in
relation to retrieval of SWE using local slope.



Key Issues

Further exploration of how observations would be converted to
products

— Basic for algorithms

— Statistical sampling issues

— Biases

Some good observations at Ku band over terrestrial surfaces (Core-
H20), less so over the marine environment,

Recommend some firm analysis once Wavemill design is fixed with
operations scenarios, in terms of:

— Temporal-spatial sampling in key cryospheric regions

— Sensitivity/precision

— Synergies with other planned missions — key for cryosphere

— Etc



Marine Cryosphere

Preferred configuration

Incidence

N ]
; Polarisation Samplin
Possible ies wi angle P Wavemill Potential rol
Measurement Wavemill Synergies with e avemi otential rote
need products other sensors Duza(;(;:vath swath Challenges of Wavemill
m
HH or VV HH+VV 20° 30° >>200km
(assurr_led (assumed
oI resolution)
Ice edge and Other sensors to help v (100m) | v (<1km) | Open water ambiguities
concentration resolve ambiguities and for particular wind
Ice / open water enhance spatial- 4 Vv v 4 speeds; ampiguities' in Supporting mission
Leads and temporal sampling Vv (100m) | v (<1km) | Summer and in marginal
polynyas ice zone
First / multi A ] Sensitivity to surface
Irstyear I mufti-year ugment lower v % v vv | v (100m) | vv (<1km) | roughness; sensitivity to | Supporting mission
ice frequency SAR sensors Vi
Ice type overlying snow cover
classification Thin and . Thin ice is transient;
In and young ice All v vv vV (100m) | v (<1km) | temporal revisit may limit Experimental
detection utility
Passive microwave, L
Mean motion field scatterometry, SAR, v v v 4 v'v (1km) | v (<25km) AChslg\a“tri]agl trzr:oﬁgtriilnand Supporting mission
Ice motion radiometry
Near instantaneous ice Number of revisits per .
vv v -
motion field Buoys Y v (1km) (<25km) day; directional precision Experimental
Altimeters for mean sea
. surface elevation in Sufficient vertical .
Ice thickness Sea ice freepoard leads; passive v v v v v'v' (15km) | v (<25km) precision over 25km; Topographic mode
converted to thickness P . no longer planned
microwave or Wavemill influence of snow cover
for snow cover
Snow water Passive microwave for Sensitivity to the range of
. Snow depth independent estimates v v vv v v (1km) | vV (<5km) | snow depths; influence of
equivalent of snow depth underlying ice
Melt onset and Melt onset date; v Ablation state is . .
! v v v .
duration ablation state Other SAR data (1km) (<10km) speculative Supporting mission
Iceberg freeboard and . v v s v Topographic mode
loebergs thickness Altimetry x (1km) | x (>15km) Spatial resolution rules | No longer planned
i I I
lceberg detection and |  Other SARs to track v oY v v v (km) | x (>>1km) out all but largest bergs Supporting mission
motion major icebergs

! Assumed 100m > 4 looks for image products




Land Cryosphere

Preferred configuration

Possible . . Polarisation Inmdelnce Sampling' . .
Measurement Wavemill Synergies with angle Wavemill Potential role
need products other sensors Dual swath | Wide swath Challenges of Wavemill
HHorVW | HH+wv | 20° | 30° | , 200km ol
(assumed (assumed
resolution) | resolution)
Precise surface
EZﬁgg;Zpsr;y of ice Surface elevation
! Radar altimetry, laser Adequate spatial Topographic mode
i i ' v v ?
;raecetta?'é _goucnat;'sn Surfaglfa?‘ga;/atlon altimetry, INSAR : x (15km) X (>15km) resolution no longer planned
1ers, |1 )
and outlet glaciers
of ice sheets
Surface velocity INSAR, SAR feature Adequate spatial
fields of glaciers and Surface velocity el v v ? X (1km) X (>1km) : Supporting mission
ice streams tracking resolution
Surface-volume
Snow accumulation in Scatterometry and Z:ﬁ:ﬁ{;@?'g;’g{ﬁ
Snow accumulation relation to passive microwave can v v v v Vv (1km) v (>1km) (~time period)
on ice sheets contemporary be used for longer term sampling; algorithms
(decadal) conditions accumulation rates for dry zone vs
percolation zone
X band SAR for thicker T | lution:
_ SNOW Cover: emporal reso ution;
Terrestrial snow Snow depth scatterometers’and v v v v v (100m) v (<500m) vegetation, snow melt,
cover SWE passive microwave for slope impact, covering
coarser resolution range of snow depths
Permafrost changes Surface elevation Other INSAR missions v v 2 X (1km) x (>1km) Insufﬂaent.spaﬂal Topographic mode
change resolution no longer planned
. Other SAR missions;
Freeze/thaw cycle Surface changes in ; o v vy 5 v v .
of soil relation to freeze/thaw optical sensors sensitive ? (100m) (<500m) Unproven Experimental
to vegetation (NIR)
Snow and ice facies Snow and ice facies gﬂbusfg;t/r:t?:r?: %%E Insensitive to buried
istributi v vv vv v vv v i issi
?(;?;rlt;ﬁté?ir; zones) distribution (ice sheets) | useful for different depth (100m) (<500m) percolation features Supporting mission
g sampling

' Assumed 100m > 4 looks




