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THE CRYOSPHERE IS...

..all of Earth’s frozen regions (erther seasonally or annually).
From cryos/krios (cold) and sphaira (ball/globe).

T INCLUDES...

Snowcover
Sea ice
Lake / river ice
lcebergs
Permafrost & seasonally frozen ground
Ground ice
lce masses (glaciers, ice caps, ice Tields, ice sheets, ice shelves)




VWHAT

DO W

= KNOW ABOUT LAN

DSAT






| ANDSAT 8

 |2-bit radiometry means little/no saturation
* High geolocation accuracy (despite only LI GT some places)
* High image acquisition rates

Narrower bands reduce

spectral autocorrelation.  New cirrus band should improve cloud
detection or be a unique NIR band.
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Snow reflectance from

% ASTER spectral library

“ K‘ _J{

ou gl B i . sl

500 1000 1500 2000 2500
Wavelength (nm)

The new coastal/aerosol band has potential a

lication



" 1000-Km L300 km




fy

|

BUILDING ON THE LANDSAT LEGACY
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Snow/cloud discrimination with Landsat

Bands 3 2 | (red,green, blue) Bands 54 2

Jasmin Lucas






Reflectance
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Snow/cloud discrimination with Landsat

Bands 3 2 | (red,green, blue) Bands 54 2
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540 Pfeffer and others: The Randolph Glacier Inventory
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Fig. 1. First-order regions of the RGI, with glaciers shown in red. Region numbers are those of Table 2. Cylindrical equidistant projection.

Pfeffer et al., 2014



NLCD Alaska Land Cover: Classes and Percent Cover

Numbers in legend boxes indicate percent cover for the state of Alaska.

- 11 - Open Water 52 - Shrub/Scrub .003 | 81- Pasture/Hay
4.3 | 12 - Perennial Ice/Snow 71 - Grassland/Herbaceous - 82 - Cultivated Crops
.02 | 21 -Developed, Open Space .7 | 72 - Sedge/Herbaceous 3.9 | 90 - Woody Wetlands

| 22- Developed, Low Intensity - 74 - Moss - 95 — Emergent

Herbaceous Wetlands
- 23 - Developed, Medium Intensity

- 24 - Developed, High Intensity

" 31 - Barren Land

- 41 - Deciduous Forest
- 42 - Evergreen Forest

43 - Mixed Forest
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METHOD 1

Based on 1 band (usually green), physically based, widely used

L ake Reflectance of Water Absorption
Depth  Optically Deep VWater Coefficient
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it —(\ﬂ(Ad - Roo> 9 \D(R/g/@ - Roo)) /g

1

Bottom Reflectance of
Albedo L ake Pixel

e.g. Sneed & Hamilton 200/




METHOD 2

Relatively new method for glaciology, uses 2 bands, empirical

Empirical Coefficients from earlier regression

VYo

A€ 3 = 4+ bX + X2

Death
X =1In(R/ / Ry)

1

Band Reflectances

Leglerter et al. 201 3
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Spectrally-Derived Depth — DEM-derived Depth (m)
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METHOD 1
VWATER ABSORPTION COEFFICIENT

Theoretical g Regressed g 7% Difference

Band 3 / Green 0.1/ 0. | /0%
Band 4 / Red 0.75 0.8 -0.06%
Band 8 / Pan 0.38 0.36 0.06%




Spectrally-Derived Depth - DEM-derived Depth (m)
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WATER VOLUME BY PATH/ROW
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Millions of cubic meters

WATER VOLUME BY PATH/ROW
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| AKE DEPTHS & ELEVATIONS
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TAKE-AWAY POINTS

« Used in situ data to test idealized-eapability of Landsat 8 to
estimate supraglacial lake depth

L ]

* Identified the best bands / band combinations for application
 Applied to two sets : ti npared with

1 W™

magnit

* Landsat 8 OLI Bands 4 (Red) and 8 (Pan) perform best when the
results from single-band lake depth retrieval are averaged together

et - Photo: lan Willis
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thin stratospheric clouds

Clear, dry air
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tarthEngine




Open Data’
Open Code!
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Landsat 9 has been fast-tracked for a December 2020 launch.
Very similar to L8, but with a few tweaks
How Is It funded! Demonstrating societal benefit!!

BUILDING oN THE LANDSAT LEGACY
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_ Tweets
Allen Pope
S UL sl u
Postdoc ENSIDC studying snow, Allen Pope

laciers, and ice usi satedite iIma . . ' 5
b g This is 4:24 of pure awesome by @NASA_EO.

" design, former rower, NASA_Landsat/@USGSLandsat does a

vimao.com/allenpopasiand

e solstice long pass over the Arctic -

> ibaskinehiNnons earthobservatory.nasa.gov/Features/Arcti...
(%) Joined August 2010







PROGRESS ON A |
| ANDSAT 8 .
IMAGE MOSAIC

GOF ANTARCTICA

Allen Pope & Ted Scambos

e: allen.pope@nsidc.org
t: @PopePolar
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VWHY MOSAICS!

* Reference visualization / basemap
* Selecting the "best” imagery
* Synoptic view & analysis

. .l«’"iILl .*?: :
U For example:

LIMA(+)
MOA (x3)
RAMP
PGC Viewer




VWHY LANDSAT 8!

* |2-bit radiometry means no saturation
* High geolocation accuracy (despite only LIGT)
 High image acquisition rates




THE | UMA

° | 100 individually selected ETM+ scenes

* Primarily 1999-2003
* Pansgharpened (1> m resolution)
: I\/Iahwally stitched and combined
» Can view ®hline or download tiles _
» Used for field planning, |
; W VIsualization, and
B © education.
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BUILDING ON
THE |°' UMA

» Calculate top-of-atmosphere reflectance

* No atmospheric correction
* Cosinggcorrection for sun angle
(ceh*l;er not corners or per-pixel)
» Not yet: etwbirical snow correction
& wormalization”™

“
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COSINE CORRECTION

Corrected Raw reflectance

reflectance  cos(solar zenith angle)




SURFACE REFLECTANCE



SURFACE REFLECTANCE

Image: Wikipedia
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adler et al. 2008



Sun elevation (deg)
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Fig. 6 Surface reflectance versus sun elevation (see Fig. 5) after saturation adjustment.
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THE | UMA

° | 100 individually selected ETM+ scenes

* Primarily 1999-2003
* Pansgharpened (1> m resolution)
: I\/Iahwally stitched and combined
» Can view ®hline or download tiles _
» Used for field planning, |
; W VIsualization, and
B © education.




[ HE PLATFORM: EARTHENGINE

https://earthengine.google.com/

 (Web) platform for e
cloud-based remote
sensing & G5

processing

e Java & Python APIs

» Petabytes of data
(can upload own, too)

* High parallelized tools



https://earthengine.google.com/

THE PROBLEM:
CLOUDS




TRADITIONAL SOLUTIONS

NDS| ST Rocks get excluded.
Threshold Doesn't get cirrus clouds.
Band ratios BUT Reintroduces other errors.

(Coastal, Red, SWIR, etc)) Variable Iithology problematic.
Cirrus Band BUT Sun-facing slopes

[T hreshola are too bright.




COMPARING WITH A MOSAIC!?

* Both reflectance & high-pass filter
* Sum of error and correlation coefficient

MOA LIMA
High quality mosalc, oo prescriptive.
but sun angle Is wrong. Saturation issues!?




HIGH IMAGE DENSITY
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* Sun elevation >8°
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—ISTOGRAMS OF REFLECTANCE
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H\STOGRAMS OF REFLECTANCE
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FMPIRICAL NON-LAMBERTIAN
ADJUSTMENT

Sun elevation (deg) .
0 5 10 15 2 B 30 3B 4 4 Bindschadler et al. 2008
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Fig. 6. Surface reflectance versus sun elevation (see Fig. 5) after saturation adjustment
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Map data ©2015 Gox
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Cross-Correlation as Cloud Mask



Spectral Roughness as Cloud Mask

Short-scale MOA

Image spectrum mismatch Weight

Composite

Courtesy: Ben Smith
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| AKEAWAYS:

» Good progress on L8MA by choosing
pixels, rather than scenes, using statistics.

] * Google karthEngine allows for fast processing‘
& customzaﬁ@h but limits certain functions.

. Up Next: Impementmg empirical BRDF
correctionzimproved sun angle
Wy COSIne correction, g

"1-.."*'-
B cloud masks,

F “and inspection.
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