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A model-data integration framework is under development for NASA's Arctic
Boreal Vulnerability Experiment (ABoVE), wherein data for the 5 key ABR
indicators are used as reference datasets for a benchmarking system which
evaluates TBM performance with respect to ABR processes.

The Arctic-Boreal Region (ABR) is a major source of uncertainties for terrestrial

biosphere model (TBM) simulations. These uncertainties are precipitated by a

lack of observational data from the region, affecting the parameterizations of cold

environment processes in the models. Addressing these uncertainties requires a

coordinated effort of data collection and integration of the following 5 key
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Lidar detection of individual trees in tropical forests
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r Motivation N

 We intend to characterize the 3D structure of tropical forest at the individual tree crown (ITC) level over large areas using high-resolution lidar across spatial and temporal scales.

« So far, fine scale tropical forest characterization is limited to field sampling techniques over limited study sites. Moreover, field samplings focus on trunk diameter with limitations
regarding the measurement of tree height and crown size due to complex and dense vegetation structure.

* The lack of field samplings over space and time is a limitation for the success of satellite missions (e.g. GEDI, NISAR and BIOMASS) regarding their accuracy in mapping the spatial
variability of biomass stored in tropical forests.

« Our approach, called Adaptive Mean Shift algorithm (AMS3D), decomposes high-resolution lidar point clouds into 3D clusters corresponding to ITC and enables the direct retrivial
many biophysical variables such as tree density and crown size.

« Characterization at the ITC level allows the use of lidar to develop allometric models and analyze forest demography and forest change for simulating forest CO, dynamics.

 We tested the AMS3D over two tropical forests: Barro Colorado Island (BCIl, Panama) and Mai Ndombe (Republic Democratic of Congo, DRC).
N J
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- Conclusion N

« AMS3D was successfully applied to two tropical forests measured using different lidar point cloud densities. It is a robust approach able to accurately estimate
tree density, individual tree height and crown size. Results of ongoing assessments over La Selva (Costa Rica) and Borneo Island (Indonesia) are very satisfactory.

. The AMS3D maps cover much larger areas than field samplings and they provide finer scale 3D measurements that better explain the tropical forest structure
variability in both vertical and horizontal dimensions.

. Information on individual tree size can be used to feed existing biomass allometric equations and generate biomass maps over large and remote areas, which are
crucial to calibrate the products delivered by the upcoming NASA spatial missions GEDI and NISAR or the ESA mission BIOMASS.

.The fine scale 3D tropical forest structure characterization makes possible the study of vertical vegetation profiles, light conditions, gap dynamics, forest growth ,

. mortality and recruitment over space and time. y
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Quantification of Tropical Forest Biomass and Its

Changes through Using INSAR Phase Measurements
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Advisor: Robert Treuhaft (335F)

Dataset and Study Area

Introduction

« The status of aboveground biomass (AGB) in tropical forests and its « 34 InNSAR Imageries between 2011 and 2014 from TerraSAR-X and
changes are essential in monitoring the carbon budget, and the TanDEM-X are selected and processed with the flat-earth effects removed.
consequent climate change.  The study area consists of 78 50m X 50m stands in Brazil, where field

measurements of AGB were collected in 2010 and 2013.

e |In this study, the Interferometric Sythetic Aperture Radar (InSAR) phase 03°07' S 55°00°' W

measurements instead of the widely-used INSAR/PolInSAR (Polarimetric
INSAR) complex correlation measurements, are re-examined and utilized
to reveal a new estimate of forest-height temporal change.

* This approach has been validated with German Aerospace Center (DLR)’s
TanDEM-X (the first spaceborne single-pass INSAR satellite mission) data
over ground validation sites in Brazil (where selective logging is known to
occur for some stands).

« The approach is capable of measuring the temporal change of tropical
forest height (resulting from forest disturbance and regrowth) to a sub-
meter accuracy for the first time, which is comparable or even better than
the existing INSAR/PolInSAR methods (few-meter accuracy).

Mission Overview E
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BJ_ * The yellow dots in the optical image illustrate the location of the 78 test stands.
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Future Work

The current study cannot measure Phase-look distribution

the absolute value of forest height;
rather, it characterizes the change
of forest height compared to a
reference height. Through utilizing
the histogram of the interferometric
h phase values for all of the pixels
N L o :

within each stand, it is possible to
retrieve the absolute value of forest
National Aeronautics and Space Administration height1 which  will COnSiderany
Jet Propulsion Laboratory enhances the above analysis and
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Warming trends and heatwave dynamics over the LA region using a
new MODIS Land Surface Temperature (LST) product

Nabin K Malakar (329-G) and Glynn C Hulley (329-G)

Summary

A new NASA Land Surface Temperature and Emissivity (LSTE)
product (MODZ21) developed at JPL is used to investigate
spatiotemporal characteristics of surface temperatures over LA.
MOD?21 LST data from 2003-2016 reveal an average warming
trend of 1.3°C per decade (up to 1.6 °C) over urban LA regions.
An Increase in heatwave duration, frequency, and nighttime
temperatures is observed during the 1950-2016 period.

MOD?21 LST data during severe heatwave events reveal that
lower-income neighborhoods are at the greatest risk.

This information can be used for more efficient allocation of
resources and more effective adaption and mitigation techniques
during extreme temperatures by decision makers.

Land Surface Temperature Warming Trends over LA

MOD21: A New NASA LSTE Product

The MODIS suite of thermal sensors onboard the Terra and Aqua
platforms observe Earth twice daily at 1-km nadir resolution.

A new standard NASA LSTE product (MOD21) conceived
and developed at JPL, will be released to the public as
collection 6 during 2016.

While previous products (MOD11) have relied on the fixed
emissivity assumption, MOD21 physically retrieves the LST&E
making it more suitable for urban studies.

MOD?21 LST has an accuracy of ~1 K over all surface types.

MOD21 LST (K)
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Figure 1. MOD21 Average Land Surface Temperature (LST) for August 2004.
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Figure 5. PDF histograms shows shift in mean LST and increase in variance
before and after 2010, for the month of September.
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Figure 4. Mean day and nighttime LST trends for Aug-Sep-Oct show warming trends
over Valleys and South LA of up to 1.6 degree per decade for both day and night.

Mean Shift in LST (°C) after 2010 for September

A. Foothills/Valley [ = Day

Night

0.5 0.7 0.9 1.1 1.3 1.5
Mean Difference, Day LST Mean Difference, Night LST

10 2 _ 2
Result 1. Summer/Fall average LST show strong warming trend §- : I 1o % : I1'5
« Warming trends of up to 1.6° per decade for both day and night .ol 1 g_ |
time retrievals over all regions investigated. = 6f {1 109 6} [ 02
« Average daily warming rate is about 1.3 °C per decade for the = g _ 0 ;- |0
entire LA region. 9| 105
Result 2. A shift towards warmer mean LST and larger variance 1? - I-1
e The mean daily LST has increased by more than 1 °C during past 121 15

five years when compared to 2003-2010 baseline.
This combined with an increase in variance will lead to a dramatic

Increase in record hot weather as illustrated in next section.

A B C D A B C D
Figure 6. The difference in mean LST between (2003-2009) and (2010-2015)
for four LA regions for both day and night LST. The relative cooling in July
needs further investigation but could be attributed to a strong La Nina in 2011.

More Frequent and Longer Lasting Heatwaves Over LA

Heatwave definition and detection:
A period of at least 3 days or more where combined effects of

MOD21 Daily average heatwave LST (2003-2016)

36

35

excess heat and heat stress are unusual with respect to climatology.
 Both day (maximum) and night (minimum) temperatures are used.

The Excess Heat Index (EHI) is defined as:
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Figure 2. Comparison of MOD21 LST validation to current NASA LST
(MOD11) over various surface types using three years of data show that MOD21
retrieves LST consistently with accuracy of ~1K.

Study Area: Los Angeles, CA

Data: G )

e MOD21 granules covering LA
processed locally at JPL £ - N

e Entire archive of MODIS My
lifetime data (2003-2015) was “*=*.
processed.

« Data over each region was
extracted with strict quality
control.

Quality Control:

Figure 3. For our initial study, the LA
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» Using air temperature data from the NCDC station network in LA
we analyzed temporal variation of heatwaves from 1950 — 2016.
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Heat wave Vulnerability:
What areas of LA are at
risk during severe heat
wave events?
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Figure 7. Heatwave detection using EHI (top), and trends in heatwave duration
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Flgure 8 (top) Average MOD21 LST durlng heatwaves shows vulnerable
areas. (bottom) High-resolution LST showing patterns at neighborhood level.
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These regions will be further expanded
e Clouds screened and extended and revised in the future.

and frequency (bottom).

The Road Ahead
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Study regions in LA will be refined to exclude vegetated regions and include coastal regions paying attention to ocean pixel screening
Study domain will be extended to include other major US cities such as Chicago, Phoenix, and Washington DC.

MOD?21 LST time series (2003-2016) will be used to investigate warming trends and spatial patterns, while NCDC local air temperature
data will be used to detect heatwaves and develop a temporal heatwave climatology for each major US city

The socio-economic impacts of increasing temperatures and heatwaves will be assessed for specific LA neighborhoods.
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INn Situ Carbon Dioxide and Methane Measurements
from a Tower Network in Los Angeles

1. Introduction

. A disproportionate fraction of resources and fossil fuels are consumed in megacities —
metropolitan areas with populations >10 million — concentrating fossil-fuel related greenhouse
gas (GHG) emissions into a small fraction of earth’s land surface.

. The Megacities Carbon Project is a multi-national, multi-institution project aimed at measuring
GHG emissions from large urban areas. Here we report CO, and CH, measurements in the
Los Angeles (LA) Megacity during 2013-2016.

. We discuss urban GHG measurement strategies, signals of interest for urban studies,
analytical uncertainty estimates. We also show initial estimates of the GHG enhancements in
LA and estimate CH, emissions in LA using tracer:tracer correlations.

2. Objectives

(1) Measure CO, and CH, and calculate time-dependent analytical uncertainty estimates
(2) Estimate local background mole fractions and enhancements above background

(3) Use tracer:tracer ratios and CO,foss from 14C measurements to estimate emissions

3. Carbon Dioxide and Methane Observations

 There are generally 3 signals of interest for urban GHG studies, all of which are relevant
for inverse modeling studies:

(1) Diurnal patterns: Changes at one location within 24-hour period
(2) Gradients: Mole fraction difference between locations within network
(3) Local enhancement: X, oss = Xops = Xgg
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4. Time-dependent Analytical Uncertainty Estimates
_ _ 0.3
Uncertainty in enhancements: .
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« Overall U is the largest component of the analytical uncertainty (U,;,). U, ..ss IS dominated by background
uncertainty. Both U, and Ugg will ultimately translate to uncertainty in flux estimates.
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5. Estimating CO, and CH, Enhancements in LA

Los Angeles
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CH, enhancements

» Monthly average CO, and CH, enhancements show a
peak in winter; smaller peak in summer, following fossil
fuel carbon emissions patterns and NG consumption
data (Hestia 2012 and Wong et al.,

—+— CEC PowerPlants (2014)
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6. Estimating CH, emissions using CO,fos (from 14C)

goo[ *

T

T

CH,:CO,fos = 9.4 +/- 0.4 ppb/ppm

] » Assume CO, emissions for LA are known, and
approximate CH, emissions as:

Mcy
ECH = ("IEH 4)550
4 4 M.r:'t}ﬁ 2
Ecij, = 267.6 = 11.4 Gg CH,ly

» Scaling up for the South Coast Air Basin (based
on population):

CH, (0.43)
*

.'S'E'EI' —
B = 267669 = (57

ESSE = 426.3 Gg CH,ly

m = 0.028 = 0.0022
R?=10.86

» C,H4:CH, similar to that of natural gas based on
flasks from 3 sites (see e.g. Conley et al., 2016)

Future work:

» Time-dependent selection of background observations
based on winds

» Inverse modeling of CO.fos and CH, in SOCAB

» Use tracers (1*C flask observations and continuous
CO) to provide continuous CO,fos estimates

Continuous monitoring of C,H;:CH, using a new
Aerodyne analyzer installed at the GRA site
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Spectral dependence of solar-induced chlorophyll fluorescence:
Implications for space-borne measurements of OCO-2 SIF

Author: Troy Magney (329G)
Christian Frankenberg (Caltech), Joshua Fisher (329G), Ying Sun (329G), Gretchen North (Occidental), Thomas Davis (Cal Poly)

Introduction: Global SIF 25 provy or photoynthesis Wavelength dependency of SIF under increasing light:

Fig. 2a, and c represent a maple leaf exposed to a light response curve under ‘non-stress’ conditions
(25° C; 20000 ppm H,0); whereas Fig. 2b, and d represent the same maple leaf (same field of view)
under ‘stressed conditions’ (40° C; 10000 ppm H,0) all else being equal.

« A dampened SIF signal was observed across all wavelengths between the ‘stressed’ and “un-
stressed’ maple, with little difference in spectral shape observed between the two.

* The observed dampening of the SIF signal across all wavelengths in the ‘stressed’ leaf corresponds
to the photosynthesis data observed in the corresponding panels in ¢ and d.

Recent advances have been made in the retrieval of
solar-induced chlorophyll fluorescence (SIF) from
space and could provide a significant step towards
mapping instantaneous plant photosynthesis
across space and time.

While these advances are promising, there are still
many unresolved issues related to the spatial, : = & : ,
spectral, and temporal scale-change problem, T W mier )

. - . . . - | [ S - = W -
makmg |nterpretat|()n of the mechanisms dr|V|ng 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000 1.100 1.200 1.300 1.400 Flg 2 ‘Un-stressed’ Maple Leaf ‘Stressed’ Maple Leaf
the SIF signal from space challenging. Frankenberg et al., 2011; Joiner et al., 2011 @ - . 5 \ — .
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What does chlorophyll do with absorbed photosynthetically active radiation?
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0-82% : O 15 ] 15 '
| J (d)
‘<l aPAR = GPP + SIF + NPQ 7 !
) ¥ Increasing light =————— O//;asinglig/ht—»\
Problem:
- Decades of research into the relationship = Y Singular value decomposition of SIF spectra:
between fluorescence and photosynthesis e L7 ; Fia. 3. W
_ ot . g. 3. Wavelength dependent response of SIF
« Active fluorescence (PAM) measurements [omrrias Y ‘e 3h8r Soﬁpi?farr] Fr)1ltantStV\r/erre §§1bjecf§ rton SVD analysis of Fs (Soy)
use a broad band integral ~ 700 nm- 850 nm N o€ CITIBTENT WaleT TEgIMES and ra vl @) | - Bl St
leaf. P through light-response curves which - o Am e molm oty = 5|
produced different maximum = oos| — 3> Anaxgemolm s h
: : SO hotosynthetic capacities shown in S o0a] — 77im
Knowledge gap relating spectral SIF to photosynthesis Canopv. P _ S 004 S —————
gc gap gspP P y py the Iegend In Spr'Ot A. :gg‘gz: \Q%Y%%%,Egglso%i
Recent global retrievals of SIF from GOSAT, R TS « In the first PCA (Fig. 3a), soy plants e 700 70 a0 a0
GOME-2, OCO-2 show strong correlations to GPP = P with lower photosynthetic capacities ) | | Percent Variance Explainect
However, SIF measurements are passive, and ; g showed increased re-emission S L619%; 115%6; 1.44%
therefore can only assess wavelength dependent SIF _—— T N e around the first peak at 686 nm =
—— - and decreased re-emission the s
KISS fluorescence worksho 2012 £ 000} -
p second peak at 740 nm. £ ~t—
: S— « PCA 2 (Fig. 3b) highlights the ” ”
Pri mary ObJeCtlve: sensitivity in the first hump, which is . 1@ Percent variance Expline:
g - i ofthe relationshins b o SIE active PAM T o e primarily driven by differences in E S
vance our understanding of the relationships between passive SIF, active uorescence, and photosynthesis. Chl re-absorption. 2o
i % 0.00 DS,
QUGStIOnS. * In the wavelengths used by OCO-2 £ -00s| NG *
» How do the spectrally dependent relationships between SIF and active broadband PAM fluorescence vary among SIF there was nominal difference ~0.10 750 o 560 50
species, stress conditions, pigment content in space and time? observed in any of the PCA:s. i

How can our understanding of leaf and canopy level SIF be used to improve interpretation of global SIF retrievals
from GOME-2, GOSAT, and OCO-2 towards providing instantaneous global maps of GPP.

Implications for scaling to OCO-2 SIF:

et OdS - An improved understanding of the driving mechanisms behind the SIF signal could help interpretation of
» Collect simultaneous measurements of steady-state active (PAM) and passive (SIF) measurements over a range of global SIF retrievals though answering several key questions:
species under ‘stressed” and ‘un-stressed’ conditions at the leaf scale. 1) To what extent is the SIF-GPP relationship driven purely by aPAR? How does it break down under stress?

Run traditional ‘light-response’ curves, whereby the leaf is exposed to a gradient of light intensities and data on CO, 2) How does the SIF signal observed at the 1:30 pm overpass time of OCO-2 differ from an AM overpass?
and H,O gas-exchange (every 5 seconds), PAM fluorescence (saturation pulse every 30s), and spectra (>1 nm

resolution at .2s with 10 ms integration time) are recorded.

OCO-2 SIF @757nm

Fig. 1. Schematic for instrument used to measure passive

' IS Si b) Time Seri
SIF, active fluorescence, and photosynthesis simultaneously QE Pro (b) Time Serles
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Sun et al., in prep.
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Monitoring Mangrove Forests With UAVSAR

Michael Denbina (334F)
Marc Simard (334F)

Introduction

*Mangrove forests represent some of the most productive ecosystems on Earth. Important areas for conservation and study.
*\/ery susceptible to sea level rise and human development due to their coastal locations. Disappearing at fast rates.
In many areas, information on mangrove forest height and biomass is limited, and with high uncertainty.

*\We are using data from NASA’s Uninhabited Aerial Vehicle Synthetic Aperture Radar (UAVSAR) instrument to map

Methods

e Repeat-pass polarimetric interferometry using UAVSAR data.

o Shuttle Radar Topography Mission (SRTM) elevation data used to help
guide the forest model inversion, and compensate for the effect of
temporal decorrelation on the UAVSAR data.

. : ) 4 N 4 )
mangrove forest heights across a number of study areas in South America. UAVSAR Covariance Matrix Phase Diversity
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UAVSAR Forest Height Map
Sanquianga National Park, Colombia
March, 2015

Conclusions

*Produced UAVSAR-derived forest height maps for areas in Ecuador and Colombia. Ecuador
map validated using field plots (2.76 m RMS error, r> = 0.95). For Colombia area, no field data
available.

*Proof of concept for fusion of UAVSAR and SRTM data. Helps compensate for temporal
decorrelation effects which introduce a bias into the UAVSAR forest height estimates if not
accounted for.

*Results are higher resolution and more recent than SRTM. Details are visible in the UAVSAR
maps which are not present in the SRTM (small rivers, and recent forest growth). Wider coverage
area than is possible with field data.

*Next Steps: Refine method and apply to UAVSAR data for other study areas in Costa Rica and
Colombia. Use forest height maps to estimate above-ground biomass. Measure mangrove
growth/loss using UAVSAR data from multiple years (data was collected in both 2013 and 2015).

National Aeronautics and Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California
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Antarctic Ice Sheet Grounding line migration monitoring
using very short repeat-time SAR Interferometry

Pietro Milillo (334)
Eric Rignot (334), Bernd Scheuchl, Jeremie Mouginot, Xin Li (UC Irvine)

Rationale K TN
The grounding line marks the transition zone where ice detaches * HayneS\_ :
from the bed and becomes afloat in the ocean. Crosson
Prior attempts of grounding lines mapping have been limited ANTARCTICA Ice Shelf

because few space-borne SAR missions offer the short-term
repeat pass capability required to map the differential vertical
displacement of floating ice at tidal frequencies with sufficient
detail to resolve grounding line boundaries in areas of fast ice
deformation.

We are taking advantage of data being acquired by the Italian . . '
COSMO-SkyMed (CSK) mission, a constellation of 4 second e '\ :
generation X-band SAR satellites capable of collecting data with ~ + Smith East
short repeat orbits (1,3,4 days), to monitor the characteristics of R A | . -

grounding line migration using very short repeat-time o Ak | ) '4 A\ |
interferometry in the West Antarctic Ice Sheet (WAIS) sector. | . '

ASE

Dotson
Ice Shelf

Grounding line

1992

1996

2011 Ny SAN

2014 POORNTNASN <i5 10 100

Ice velocity combining various data sets overlaid on a Moderate Resolution Imaging
gk Spectro-radiometer (MODIS) mosaic of Antarctica. and currently available grounding lines for
e Pope, Smith, and Kohler Glaciers.
V 6-7 L_ ec , (From Scheuchl, B., J. Mouginot, E. Rignot, M. Morlighem, and A. Khazendar (2016), Grounding line retreat
o1 ol @ | of Pope, Smith, and Kohler Glaciers, West Antarctica, measured withSentinel-1a radar interferometry data,
1 S B Geophys. Res. Lett., 43,doi:10.1002/2016GL069287.)

Scientific Challenge

Understanding the potential instability of the Amundsen Sea Embayment (ASE) and the
possible timescales of ASE disintegration are amongst the fundamental problems in modern
glaciology. ASE is a marine-based ice sheet with a deepening inland bed, a configuration
deemed to be unstable. ASE contains enough ice to raise global sea level more than 136
cm. While a number of studies have inferred the mechanical properties of portions of ASE

4 1 ? T .
ey e LX) i e ' B Tl o]
Y et 1T, 3 -
b - e i A S b aed] — _ ke
L b et i e
g iy i "

AT TR 3 0 Ve YN 4 using observationally constrained numerical models, these studies offer only temporal
COSMO-SkyMed double difference SAR interferograms combining data | | Sha@pshots of basal mechanics owing to a dearth of observational time series.
from August to December 2015 over Pine Island Glacier. Given the Grounding zones migration on time scales characteristic of ocean tides and the importance
large perpendicular baselines topography has been removed using a of this migration in ice-stream-scale flow is an important unanswered questions that
5m TanDEM-X DEM. We observe a tidal induced migration for the underlie uncertainties about the mechanics of ASE beds and inform our synthetic aperture
grounding line of the order of 2 km. radar (SAR) constellation-based observational strategy.

Strategic Importance

The Amundsen Sea Embayment (ASE) is undergoing significant changes
and it is important to collect a data record of ice velocity and grounding line _ _
to provide boundary conditions for ice sheet modelers. Using 1-day csk| jgrounding i
repeat pass data, we provide frequent, high-resolution grounding line| § .. ... 27
measurements of Pine Island Glacier (PIG). The richness of the data set
available allows us to show tide induced grounding line migration for this
glacier for the first time.

The importance of this project can be summarized as follows:

‘Planning and executing the collection of a unique dataset using the only
SAR mission available to date that can collect 1-day repeat pass data
‘Provide frequent grounding line measurements at different tide levels
Collect grounding line information in areas of fast flow, where CSK is the
only mission available to collect suitable data

Pine Island : Tidal induced
n

. i
. -Pé i |
g
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Amundsen Sea ocean, sea ice, and thermodynamic ice shelf
simulation with optimized model parameters

Author: Yoshihiro Nakayama (329C)
Dimitris Menemenlis (329C), Michael Schodlok (329C), Eric Rignhot (3340)

. Slgnlflcantly better match W|th observatlons than prewous modellng studles in thls reglon espeC|aIIy for W|nter Waters (WW) |
. Contrary to earlier work, this study suggests that local surface heat loss cannot fully explain the 2012 Pine Island Glacier (PIG) melt decrease. |
B This study will lead to improved representation of ice-shelf ocean interactions in Estimating the Circulation and Climate of the Ocean (ECCO). |

1. Why do we study Amundsen Sea (AS)?
Warm CDW

. Ice shelf Speed up Grounded Sea level
B (Circumpolar thinni ice flow ice loss '
Deep Water) inning rise
- Increased Freshening locally Thermohaline

circulation weakening

melt in AS and downstream

v s
.

=5

i 1.5°C
?ﬂ

T: shade S: contour Density : white contour
- 5

200

= Jacobs et al., (2011)
< 0 km 200

Il We fit the model to the available oceanographic observations using
property-conserving estimation approaches developed by ECCO.

B This study
(1) increases understanding of mechanisms controlling ice loss,

(2) provides optimized AS simulation for sea level rise projections, and

(3) develops improved representation of ocean-ice shelf interactions at
a resolution consistent with current-generation ocean retrospective
analyses and global climate models.

4. Why PIG melt decreases in 20127

Observatlon 2009 Observation 2012
PIG 342 PIG _2l

/\/

Dutriuex et al., (2014)
Om

~f—
1000 MIRALE A 2012
[ | 100 0 km 100
-1 0 1 (°C) T: shade S: contour Density : white contour

Observations show WW thickening, cooling, and freshening from 2009 to 2012.

Is this caused by an increase in local surface
heat loss as suggested by previous study ?

2. MITgcm regional AS configuration

Model Bathymetry & Oceanographic data

66S} i :
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- Horizontal grid spacing of ~10 km and 50 vertical levels.

- Bathymetry from IBSCO and ice shelf draft from BEDMAP.

- Initial condition from WOA 2013 and boundary conditions from ECCO.
- 10-year simulation (2001-2010) with ECCO atmospheric forcing.

3. Model simulation agrees well with observations.

Dot : CTD Observation Shade: Model Salinity [psu]

sas WW has similar

0
347 properties and
4.6 thickness (~250m).
500 34.5
34.4
1000 2 o
g 34.2
34.1
500 {W,, CDW has similar
75°S 74°S 73°S 72°S 71°S 70°S properties and
pot.Temperature [degC] thickness.
0-

Best match to
observations
compared to all
other modeling
studies.

1000

Ocean Data View

74°S 73°S 72°S 71°S 70°S

Model sensitivity experiments (120% surface heat flux)
Salinity [psu] pot.Temperature [degC]

Ocean Data View
Ocean Data View

Model sensitivity experiments show WW thickening, cooling, but not
freshening, indicating that local surface heat loss cannot fully explain
the 2012 PIG melt decrease.
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Sensitivity of west Antarctic Peninsula glaciers to ocean

warming in the decades after Wordie Ice Shelf collapse
Author: Catherine C. Walker (329C), Alex S. Gardner (329C)

The Antarctic Circumpolar Current (ACC) lies just offshore of the west Antarctic Peninsula (WAP), and warm, salty Circumpolar
Deep Water (CDW) close to the shelf break, where it can access the continental shelf via troughs (e.g., Marguerite Trough)

ATy % iy :
TR 1 '\t‘ S N N
d S
R ] \
/" N ~ . al .
R Oy A 2 N\ \ 2 e
e Ak O\
b N
A ) ! by s, ~
o

1. Evidence of rapid dynamic thinning from Wordie Ice Shelf
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The calving front
has been retreating since
1966, and most of WIS collapsed
around 1989, leaving only floating
tributary glacier portions remaining
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to the shelf break
Ocean temperature and salinity are changing on the continental

The WIS is located on the west Antarctic Peninsula (WAP) in shelf, associated with warming and shoaling of deep water off-shore
Marguerite Bay (~25,000 km?) (e.g., Schmidtko et al., 2014) ,
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Climate and Polar Motion During the GRACE Period

National Aeronautics and
Space Administration

Surendra Adhikari (329C-Affiliate)
Erik R. Ivins (329C) and Eric Larour (329C)

Context

Polar Motion: Polar motion is the movement of Earth’s spin axis as it wanders
through the crust. It can be understood as a 2D position vector, with x and y
components pointing along the longitudes of 0° and 90° east, respectively.

Observations: The 115-year polar motion record suggests the following (Fig. 1).

v Since about 2000, the linear drift direction has deviated substantially from
its long-term direction that is related to glacial isostatic adjustment (GIA).

v Interannual variability persists, in spite of the new drift direction.

Research Objectives: To identify the physical mechanisms that explain these
enigmatic features of polar motion during the GRACE period (2003-2015).
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y 3

v 2
—
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~90 A N L R _9 A N N : i
1976 1984 1992 2000 2008 2016 1%76 1984 1992 2000 2008 2016

Fig. 1: Observed pole position. x and y components of (mean monthly) pole position vector
(black) obtained after filtering 433-day Chandler and shorter timescale wobbles. Smoothed
solutions (blue) reveal interannual variability about the 20th century linear trend (dashed red).
Cyan shadows in the background cover the GRACE period, over which the drift direction
deviates (solid red) from the 20th century trend. [Note: 1 mas = 3.09 cm]

Data and Methods

Theory: Climate-driven mass transport on Earth’s surface perturbs the inertia
tensor I(t). Corresponding change in angular velocity w(t), which characterizes
the polar motion, is obtained by solving the following Euler’s equation.

d
T [@(@® 1] + w(O)x[w(®) - 1(t)] = 0

Mass transport: We use GRACE (CSR R-05 L-2) observations of continental
mass change and compute the corresponding ocean mass redistribution by
solving the self-attraction & loading problem on an elastic, rotating earth (Fig. 2).

~180° ~90° 0° 90° 180°  cmiyr

-180° -90° 0’ 90° 180° o 180°
Fig. 2: Climate-driven mass transport. (a) Rate of mass change (water-height per year) on
Earth’s surface. Solutions are reproduced for (b) Greenland, (c) Antarctica, (d) the oceans.
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Results and Implications
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Fig. 3: Climate-driven polar motion. (a) Polar motion excitations caused by four sources:
Greenland (GIS), Antarctica (AlS), global glaciers and ice caps (GICs), and terrestrial water
storage (TWS). (b) Total reconstructed (REC) and observed (OBS) excitations. We remove the
20th century linear trends from OBS. Notice that reversal in y motion is related to TWS.
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Fig. 4: Spatiotemporal variability in TWS. Reversal in global ‘wet-dry’ pattern (after 2012) is
responsible for the observed interannual variability in y motion (see Figs. 1 and 3).
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Fig. 5: Summary. (a) Partition of polar motion, excluding long-term trend, during 2003-2015.
(b) Observed and reconstructed mean annual pole positions. Notice the interannual variability.

*» Continent-ocean mass transport explains nearly the entire amplitude (83 +
23%) and mean directional shift (within 5.9 + 7.6°) of the observed motion.

“* Global TWS variability fully explains the interannual polar motion.
¢ The pole position data be utilized to constrain the climate models of the past.

This research was carried out at the Jet Propulsion Laboratory and the California Institute of Technology under a contract with
the National Aeronautics and Space Administration and funded through the NASA Postdoctoral Program fellowship.
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The first centimeter-scale 3D model of a volcanic conduit
Principal Investigator: Carolyn Parcheta (3223)

Jeremy Nash (347H), Aaron Parness (347C), Karl Mitchell (3223)

February 2016 field deployment locations
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Basaltic fissure eruptions (Fig 1) are the most

Selected 3D Model Results /

common eruption style and mechanism in the

solar system. Obtaining data of volcanic

R 7 o o
A At R

: _
Top View 5
N

fissure conduits has previously been
impossible because fissures are:
 too thin for geophysical methods, or
4  buried by eruption deposits
To understand and extrapolate eruption
behavior, hazards, and planetary evolution,
researchers and modelers have traditionally

assumed a first-order (planar) feature to
represent fissures.

Problem On magmatic (not tectonic) scales, fissure Interpretation S

conduits may NOT be vertical or parallel-walled

Side View

Fig. 1

Shallow subsurface irregularities protrude 30-50 cm into the fissure and are 1-2 m
MEthOdOlOgy long. They are matched by similar sized cavities on the opposing wall, indicating little
lateral movement during and after eruption.

We have developed VolcanoBot (Fig 2) to acquire the first robust
and diagnostic data of eruptive fissure conduit geometries. This is
the only platform in the world that can currently collect such data,
due to it’s size, vertical mobility, and ruggedized components.

Fig. 2

The vertical extent (thickness) of irregularities at a given depth are self-consistent,
and imply variations in stratigraphic layers the fissure erupted through. There is a
large irregularity at 15 m deep in vent 54, characterized by it's size and oddly shaped

The engineering and computer protrusions that may result from a tephra layer.

vision developments were
presented at Postdoc Day 2014
and 2015. VolcanoBot uses near
infra-red structured light during
field deployment (Fig 3) to create
surface mesh 3d models of the
conduit geometries (Fig 4).

Below ~7 m depth, the fissure is 30-40 cm wide. The wider vent widths appear only
In the upper 7 m of the modeled area. “large areas” from lack of peircing points are
diagnostic of syn-eruptive, fluid dynamical erosion of the wall.

Fissure is inclined 5-10° south, with short segments 5° north. This is consistent with
a fracture propagating through a layered medium.

Importance

By correlating the subsurface conduit
geometry with the surface expression of
terrestrial eruptive fissures, we will be
better able to understand fissures and
cracks in rock and on Mars, Enceladus,
and Europa during future missions.
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A Texas Flood From Land To Ocean Observed By SMAP
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salinity & nutrients; input of terrigeneous toxic matter).

Fig 2: Monthly maps of precipitation, soil moisture, liquid water equivalent thickness, SSS, a.4, and currents.

33°N:

28°N

Floods are among the most significant types of natural hazards affecting
human society, terrestrial environment & marine ecosystems (changes in

A predictive system for severe ocean events would be beneficial.
May 2015: record rainfall hit parched South Texas, causing a severe flooding.

The NASA's Soil Moisture Active Passive (SMAP) soil moisture and sea
surface salinity (SSS) now provide unique, complementary observations to
map the lifecycle of flood events bridging the terrestrial and ocean domains.

April 2015-January 2016
(b)

1 5 38
: | - mean=-0.63; rms:1.36‘

1.2 36

0.9

% s o
28°N hai. 40 s op go- ot 0%
Dty 10.6

U 2 l

0.3

o©
o

1-0.3

minus insitu SSS (pss)

SMAP SSS (pss)

» 150

2100|

18°N &
98°W

] ] s
93°W 88°W 83°wW _15

20 i
20 22 24 26 28 30 32

insitu SSS (pss)

Fig 1: 8-day 0.25° SMAP SSS vs. co-located in situ SSS for 04/2015-01/2016 in
the Gulf of Mexico (GoM): (a) time-mean difference, (b) scatterplot & histogram.

SMAP SSS VALIDATION IN THE GULF OF MEXICO (GoMM)

SMAP : better resolution than Aquarius and less affected
by Radio Frequency Interferences than SMOS

SMAP SSS compare better with in situ SSS than SMOS SSS
in the GoM, especially at lower salinity (SMOS versus in
situ : rms 1.48 pss)

Satellite/in situ SSS differences also affected by spatial &
temporal scale mismatch and near-surface stratification
(especially in regions with strong SSS horizontal &
vertical gradients)

PROGRESSION OF THE 2015 TEXAS FLOOD ON LAND AND ITS IMPACT ON THE GoM

Texas Gulf Coast Hydrologic Region (TCHR)
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(good proxy for riverine waters and possible biological activity)

THE ASSOCIATED OCEAN PROCESSES IN THE GoM IN 2015

Loop Current in 2015, unusually strong :

reaches

the northernmost

westernmost longitude over 2010-2015

summer

southward in its eastern flank ([ })

speed exceeds 1.5 m/s and persists at the end of

an unusually strong eddy sheds off in April,
persists until the end of summer (0.5-0.6 m/s)
and carries the intense freshwater plume from
the Texas shelf after the large flooding event,

the eastern flank of the Loop Current carries the

Mississippi River plume southeastward (\)

-
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signal same as prior years, suggesting unusual
freshwater tongue originates with Texas flood

the "open-claw”, a rare occurrence shape of low SSS
associated with the two strong freshwater water plumes
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Fig 3: Monthly time series of precipitation; soil moisture; liquid water equivalent
thickness over the Texas Gulf Coast Hydrologic Region; major Texas rivers discharge;
and SMOS and SMAP SSS in the 5 boxes represented on Figure 2.

CONCLUSIONS

This study utilizes atmospheric, terrestrial, & oceanic data from NASA satellites
synergistically to characterize changes associated with the 2015 Texas flood event; the
15t study linking terrestrial & oceanic environments associated with flood.

The large precipitation anomaly over Texas in May 2015 caused surface soil moisture to
rise. The precipitation inputs did not infiltrate deeper soils and produced record runoff

An unusual freshwater plume offshore in the north-central GoM is observed, originated
from the Texas shelf right after the flooding event, and carried northwestward along the
coast then southward away from shore in August by the currents in the eastern flank of
an anticyclonic eddy shed off from a particularly strong Loop Current earlier in the year.

The unusual plume associated with the freshwater water originated from the Texas shelf
can have potential implications on marine ecosystem (impacts of terrigenous matter
carried by the freshwater plumes on marine ecosystem; northern GoM hypoxic zone).

The space-based capability to monitor terrestrial hydrologic conditions may provide
lead time for predicting the subsequent impacts on the northern GoM.
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Fig 4: April and August 2010 and 2015 monthly current speed
o
DATA

NASA SMAP SSS : 8-day, 0.25° resolution (JPL)
resolution (LOCEAN, CECOS/CATDS)
In situ SSS in the GoM (NOAA NODC WODO09)
OSCAR currents : 5-day, 0.33° (PO.DAAC)
MODIS AQUA acdm at 443nm : 8-day running mean, 9km (Ocean Color)

NASA SMAP Soil Moisture : daily, 0.25°
ESA SMOS Soil Moisture : daily, 0.25° resolution (CATDS)
GRACE liquid water equivalent thickness : monthly, 1° (PO.DAAC)
Discharge levels of the Texas rivers : monthly (USGS)

TMPA 3B42 precipitation : daily, 0.25° resolution (GSFC DAAC)

resolution (NSIDC)
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Evaluation of SMAP sea surface salinity In river-
dominated continental shelves

Yang Feng (329G), Dimitris Menemenlis (329C), Michelle M Gierach (329G)

Abstract

River-dominated continental shelves are highly productive regions due to influx of nutrients and organic matter from human activities. The
physical condition of those shelves is highly variable as a result of riverine freshwater input, creating inconstant ecological environments. In this
research, we investigate the river plume variability, an indicator of fate of riverine freshwater after entering the coastal ocean, from the high
resolution sea surface salinity observation of the Soil Moisture Active Passive (SMAP) instrument for 5 large river-dominated continental
shelves. Our study period starts on Apr 1st 2015, when SMAP data become available, and lasts for 1 year. A global configuration of the
Massachusetts Institute of Technology general circulation model (MITgcm) with 18-km horizontal grid spacing forced by realistic point river
sources, as well as World Ocean Data (WOD) base salinity profiles, have been used to assess SMAP’s skill in capturing the surface salinity
variation on- and off- shore. We find that SMAP can effectively resolve the river plume variability both spatially and temporally, showing that it
IS a potential tool for studying human-induced environmental Issues in coastal oceans.
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Monitoring of water surface slopes from AirSWOT:

First results over the Wax Lake Delta

Authors: Claire Michailovsky (334H)
Marc Simard (334F) Ernesto Rodriguez (3340)

Introduction / Motivation The AirSWOT instrument

Traditional in situ water level monitoring fails to reveal | Air Surface Water Ocean Topography
the full spatial complexity of water elevation and flow,

especially in complex environments. * Ka-band airborne radar interferometer
The AirSWOT instrument (see box) was designed to + 5 km wide swath (2 separate swaths)
provide spatially distributed measurements of water « centimetric error

surface elevation (WSE). « cal/val for planned SWOT satellite

The Wax Lake Delta in Louisiana is one of the only + gridded product: 3m pixels

areas along the Gulf Coast currently gaining rather

than loosing land to the ocean.

- Understanding its dynamics could help replicate
land gains elsewhere.

Objective: demonstration of AirSWOT for
measurement of inland water surface levels and

slopes.

Data Collection / Extraction of surface slopes
AirSWOT flown in May 2015 following

pattern shown in Fig. 1

Only wide swath data collected
UAVSAR flown over the same area

Results: Water Surface Slopes over the Wax Lake Delta
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Fig 2: AirSWOT WSE &
channel location
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Fig 3: AirSWOT WSE along main channel

Timing of flights relative to the tidal cycle

Water flows downstream...
mostly!

Eugene Island

Some discrepancies between
crossover lines, explained
partially by tidal cycle

~70 to 80cm bias relative to
in situ stations

wst im]

Fig 1: AirSWOT surface elevation data (2015/05/09) & location of the Wax
Lake Delta

Conclusions

« AiIrSWOT is a promising new instrument for monitoring complex
hydrodynamics

« Able to survey large areas: ~4 hours to fly all lines shown in Fig.

-

« Overall consistency between data from different flight lines
« Challenge in low slope areas
« Bias found relative to in situ datasets

Next steps / Planned applications
< Further analysis of discrepancies between crossover lines
« Assess performance over flooded grasslands

« Use of AirSWOT in conjunction with hydrodynamic models to
estimate channel and lateral flows through flooded vegetation

« Use of AirSWOT with other instruments (AVIRIS) to estimate
carbon transport from land to ocean (flights planned for October
2016)

Averaging performed along and across channel,
data spread large relative to slope in this case

Errors increase with high and low incidence
angles (filtered out in Fig.3)

LIDAR

Jet Propulsion Laboratory

California Institute of Technology

Pasadena, California

Copyright 2016. Al rights reserved.

and Space

vegetation &

Bonus: AirSWOT performance
over land!

Comparison of LIDAR and AirSWOT data over
areas identified as bare or low vegetation from
UAVSAR shows good agreement.

80 cm bias identified between AirSWOT and

- Need to study Ka-band penetration through

measurement in wetlands/flooded grasslands e

— UDAR

— Bias-corrected AIrSWOT, line 1

—  Bias-corrected AIrSWOT, line 2
Bias-corrected AIrSWOT, line 3
Bare/low vegetation areas

P M ]

e

potential capability for WSE

Distance along extraction profile [m]
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Detecting Earlier Drought from Water Demand Aspect
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1. Back ground: Remote sensing of drought 2. Objective

Precipitation Relative Humidity

This study uses the drought of 2012 over the central Great Plains as a case study to explore the
flowing scientific questions:
* Besides water supply aspect (e.g., precipitation), 1s there any other environmental variables

S ey, R ._ to improve drought onset detection and early warning, for example, from atmospheric water
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e demand aspect?

Vs S B
‘x:::}_. ot
‘ MODIS \ | | _ * Is the satellite-observed solar-induced chlorophyll fluorescence (SIF) able to monitor plant
physiological stress from drought?
 How do natural ecosystem and artificial ecosystem respond to drought?

~
)

3. Benefits to NASA and JPL (or significance of results):

This study brings together multiple independent satellite data into a drought monitoring

framework. Most of these satellite data are (or will be) from JPL missions (for example,
Vapor Pressure Deficit (VPD) from AIRS, SIF from OCO-2, soil moisture from SMAP, and
water storage changes from GRACE).
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5. Conclusion and future work:

* This study indicates that the atmospheric water demand (VPD) detects the drought earlier than other environmental variables (e.g., precipitaiton and soil moisture). The drought
pattern presented by VPD anomalies matches with the patter of SIF during peak drought months. It suggests that SIF characterizes the spatial and temporal dynamics of drought
development. Compared to natural ecosystems (grasslands), the artificial ecosystem (croplands) show higher resistance to drought because of man-engineered 1rrigation.

* The future work will look at the finer scale data sets (e.g., weekly) to locate the tipping point where ecosystem photosynthesis shuts down during drought development.
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Inland Waterbody Surface Temperature Algorithm
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: : .. Air Temperature [°C] _ Air Temperature [°C]
a,,aq,a, and az: split-window coefficients (lake and

satellite specific). | Air temperature data:
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Figure 4. Trends in 1993-2015 winter (NH: December-February, SH: June-

August) air temperature [GISTEMP Team, 2015] and satellite-derived (ATSR, flattened or even indicated COOIIng'

- .t :time (t, Is yearly duration in days) MODIS, VIIRS) summer (NH: July-September, SH: January-March) inland
¢, specific heat capacity . ter body surface t ture for the five largest water bodies in (a) North
p - A ‘surface area of the lake water body surface temperature for the five largest water bodies in (a) Nor

. America, (b) Europe, (c) South America, (d) Africa, and (e) Asia.
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Tw:LST al — a6 calibration parameters e Regional climate forcing supplies the basic

structure to the LST but local differences
Jet Propulsion Laboratory between I_akes are imp(_)rtant e_nough In winter
California Institute of Technology to result in lake-specific modifications to the

Pasadena, California

p :water density

e Winter air temperatures seem to influence summer
time inland water body surface temperatures.
o High heat capacity of water — lag in response.

National Aeronautics and Space Administration

e air2water Is a robust tool to predict inland water body
surface temperature when only air temperature Is

basic thermal structure. available.

www.nasa.gov
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