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Chapter2.Analysis of Surface Melting and Snow
Accumulation over the Greenland Ice Sheet from
Spaceborne Microwave Sensors

Abstract

Continuous monitoring of changes in the Greenland ice sheet from both space and air
borne sensors has been conducted since the early 1970’s. Since the mid-1990’s dramatic
changes occurring on the Greenland ice sheet have been observed both from space borne
sensors and field work. These changes, primarily mass loss from the ice sheet, are related
to the observed trend of earth’s warmer climate in recent decades both in peer reviewed
journals and in popular media.

This dissertation addresses two parameters that contribute to Greenland ice sheet
mass balance estimates. The first factor is characterization of surface melting of the
Greenland ice sheet from satellite-based passive and active microwave sensors. We use a
wavelet based edge detection technique to delineate surface melt from brightness
temperature measured by passive microwave sensors. Along with brightness temperature
data, we also use normalized backscatter data from the Quick Scatterometer (QuikSCAT)
as an independent sensor for comparison with the radiometer derived results. We use a
semiempirical threshold based method for surface melt detection from QuikSCAT. Our
results show a step-like, consistent increase in melt area of the Greenland ice sheet since
1995. This step-like increase is also observed in the mean summer air temperature along
portions of the Greenland coast. The 1995 step-like increase of melt area (and melt index,
a measure of melt intensity) is correlated with a distinct change of the North Atlantic
Oscillation (NAO) index (from positive to negative) after 1995.

The second factor is mass accumulation in the upper reaches of the ice-sheet. We use
an empirical model that correlates mean annual brightness temperature to annual
accumulation rate. We apply a microwave emission model for the dry snow region of
Greenland to show that 37 GHz vertically polarized brightness temperature data are better
suited to capture the inter-annual variability of snow accumulation. Using our model we
estimate a snow accumulation time series from brightness temperature for 150 km x 150
km area around Summit Camp in central Greenland. Using measured surface velocities
and ice thickness we calculate the surface mass balance for our study area. We find a
positive mass balance of 3.18 + 6.0 cm/yr. Our mass balance derived elevation change is
in agreement with satellite altimeter data and published results of other researchers.
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Chapter3.Decadal Variations in NDVI and Food Production
in India

Abstract

In this study we use long-term satellite, climate, and crop observations to
document the spatial distribution of the recent stagnation in food grain
production affecting the water-limited tropics (WLT), a region where 1.5
billion people live and depend on local agriculture that is constrained by
chronic water shortages. Overall, our analysis shows that the recent
stagnation in food production is corroborated by satellite data. The growth
rate in annually integrated vegetation greenness, a measure of crop growth,
has declined significantly (p < 0.10) in 23% of the WLT cropland area during
the last decade, while statistically significant increases in the growth rates
account for less than 2%. In most countries, the decade-long declines appear
to be primarily due to unsustainable crop management practices rather than
climate alone. One quarter of the statistically significant declines are
observed in India, which with the world’s largest population of food-insecure
people and largest WLT croplands, is a leading example of the observed
declines. Here we show geographically matching patterns of enhanced crop
production and irrigation expansion with groundwater that have leveled off
in the past decade. We estimate that, in the absence of irrigation, the
enhancement in dry-season food grain production in India, during 1982-2002,
would have required an increase in annual rainfall of at least 30% over
almost half of the cropland area. This suggests that the past expansion of use
of irrigation has not been sustainable. We expect that improved surface and
groundwater management practices will be required to reverse the recent
food grain production declines.
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Chapter4.ldentification of Phytoplankton Pigment
Assemblages Using Derivative Spectroscopy of
Hyperspectral Remote -Sensing Reflectance

Abstract

One of the major challenges of ocean color research is distinguishing
phytoplankton groups from in situ, airborne and satellite measurements to
better understand diversity of phytoplankton and some involved biochemical
processes. In this framework, high spectral resolution measurements of the
remote-sensing reflectance, hyperspectral Rrs(A), can potentially yield more
information about the presence of diverse phytoplankton groups than can be
gleaned from traditional analyses of single band-ratios at discrete
wavelengths (i.e. multispectral approaches).
We introduce and discuss the feasibility of performing derivative
spectroscopy and cluster analysis of hyperspectral Rrs(A) to improve the
automatic identification of phytoplankton populations in open ocean waters.
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Dominant accessory pigments to Chlorophyll a Station Label
Fucoxanthin, 19-Hex-Fucoxanthin A=
Divinyl Chl a, Zeaxanthin (DV Chla> Zea) B
Divinyl Chl a, Zeaxanthin (DV Chl a= Zea) C1C2C3,.C4 —
19'-Hex-Fucoxanthin, Zeaxanthin (19-Hex-Fuco > Zea) D
19'-Hex-Fucoxanthin, Zeaxanthin (19-Hex-Fuco = Zea) E

19'-Hex-Fucoxanthin, Fucoxanthin (19-Hex-Fuco > Fuco) F

Table 1. Classification of stations into different groups based on phytoplankton
community composition, as indicated by the ratios of two dominant accessory pigments to

chlorophyll a.
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Figure 1. (a) Remote-sensing reflectance (Rrs(L)) ratios computed for each group of stations (cf.
Table 1).
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Figure 1. (b) Classification of stations based on hierarchical cluster analysis for second

derivative of normalized hyperspectral Rrs(A) spectra shown in Fig. 1(a).
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Abstract

The study built the real-time  quantitative  precipitation
estimation/forecasting (QPE/F) from the meteorological radar data using
recurrent neural network (RNN) and constructed the multi-step-ahead flood
forecasting by training the back-propagation neural network (BPNN)
utilizing the QPF information. First, a three-dimensional radar data structure
which take into account the terminal velocity and the horizontal advection
are used for training the RNN in QPE/F. The results of real-time rainfall
estimation show that the RNN can produce much more accurate and stable
performance than the Z-R power-law function. This work shows that the
dynamic RNN can be applied successfully in real-time QPE/F using remote
sensing data. Second, an exhilarating performance was found through the
comparison of two recursive BPNN structures with different input patterns.
This study demonstrates that the recursive structure with QPF outputs not
only has the ability to improve the model accuracy but has the capability of
reducing the time-delay problem that occurred in flood forecasting.
Therefore, it is suggested that the recursive structure with the output of QPF
is an effective method for multi-step ahead flood forecasting.
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Abstract

Nitrogen (N) is the most important nutrient to increase and stabilize
yield of paddy rice, and the spatial distribution of N status of rice plants
within field is the primary information needed for precision management of
N fertilizer. A better yield production and grain quality can be expected by
applying suitable amounts of N fertilizer at right time to the right place
site-specifically with N map. This research was first to investigate changes in
plant N concentration and leaf total chlorophyll content upon applying
different rates of N fertilizer during rice (Oryza sativa L. cv. Tainung 67)
growth, and then to examine whether the alterations in leaf internal structure
and morphology related to variation in N status. The relations of leaf total
chlorophyll content, internal structure and morphological characteristics, and
plant N concentration to the canopy reflectance behavior were further studied.
As the results shown, applying N fertilizer from 0 to 180 kg N ha-1, with 60
kg N ha-1intervals, changed leaf total chlorophyll and plant N concentration
measured in the panicle initiation/formation stage. Plant applied with higher
N rates tended to have higher amounts of leaf total chlorophyll and absorbed
more light in the visible region of incident solar radiation. The mean
reflectance of BLUE (425-490 nm), GREEN (490-560 nm) and RED
(640-740 nm) wavebands showed a negative relationship with leaf total
chlorophyll, a decreased in reflectance with the increase of chlorophyll
content. A diversity of anatomical and morphological characteristics of
leaves was observed to be modulated by N concentration in rice plants grown
in both first and second cropping seasons. Leaf thickness increased
progressively with increasing plant N concentration, and rice plants grown in
second crop had a tendency to have thicker leaf blades than those grown in
the first crop with the same N concentration. The extent of leaf rolling was
relieved by the increasing N status and a linear relationship between value of
leaf rolling index (LRI) and aboveground N concentration was fitted.
Changes in bulliform/mesophyll ratio to aboveground N concentration were
a quadratic function, the ratio increased to a plateau and decreased thereafter.
Leaf water content (LWC) also changed in a curvilinear trend in the
measured range of aboveground N concentration, and leaves of plants grown
in first crop had higher LWC than those plants grown in second crop under
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the same N level. A loose distribution and packing pattern of starch granules
was found in the

parenchyma cells of plants with higher N status relative to those of lower N
ones. Application of varied rates of N fertilizer also affected canopy
reflectance behavior of different wavebands. The mean reflectance of
waveband at BLUE, GREEN and RED decreased while NIR (740-1100 nm)
increased with the increasing aboveground N concentration and LRI.
Secondly, as the spatial distribution of canopy N map within a field is the
primary information needed for precision management of N fertilizer, this
research developed a simple spectral index (SI) using the first derivative
values of canopy reflectance spectra at 735 nm (dR/dAOD73s5) to assess N
concentration of rice plants and validated the applicability of a simplified
imaging system based on the derived spectral model from the N—dR/dA | 735
relationship in mapping canopy N status within fields from two remote
sensing platforms. Results showed that values of dR/dA073s were linearly
related to plant N concentrations measured at the panicle initiation/formation
stage of first crop in 2001. The N—dR/dAd73s relationship (R2= 0.679, P <
0.001) was better fitted than the N—NDVI (normalized difference vegetation
index) relationship (R2=0.471, P < 0.010), and remained valid (R2= 0.514, P
< 0.001) when more data from different cropping seasons in varied years and
locations were pooled . The composite regression model provided fair results
(r =0.554, P < 0.010) in validation test with another datasets collected from
different crops and locations. The ratio-based SIs SRVI (simple ratio
vegetation index) (R2= 0.519, P < 0.001), Rsi0/Rs60 (R2= 0.453, P < 0.001),
NDVI (R2=0.355, P < 0.001), and (R1100-Re60)/(R1100+Re60) (R2=0.111, P <
0.010) were also correlated with plant N concentration to a varied extent.
Based on the as aforementioned N—NDVI relationship, a simplified imaging
system, including an Electrim EDC-1000L monochrome camera, a Canon
PHF6 1.4 lens, a set of Andover bandpass filters (730 nm and 740 nm), and
an Advantech PCA6751 single board computer, was finally assembled and
mounted on a mobile lifter and a helicopter to take spectral images of rice
canopies for mapping the N status within fields. Results indicated that the
system unit was able to provide field maps of canopy N status with
reasonable accuracy (r = 0.465 to 0.912, RMSE = 0.100 to 0.550) from both
remote sensing platforms. It appears that spatial information of N status
obtained from this research may have a potential used for variable-rate
applications of N fertilizer during the panicle initiation/formation stage. The
validation tests on a variety of stress identification indices derived from
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ground spectroradiometer measurements can also be easily performed with
the established simplified imaging system following the process such as this
research.
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Chapter7. Canopy spectral invariants for remote sensing
and model applications

Abstract

The concept of canopy spectral invariants expresses the observation that
simple algebraic combinations of leaf and canopy spectral transmittance and
reflectance become wavelength independent and determine a small set of
canopy structure specific variables. This set includes the canopy
interceptance, the recollision and the escape probabilities. These variables
specify an accurate relationship between the spectral response of a vegetation
canopy to the incident solar radiation at the leaf and the canopy scale and
allow for a simple and accurate parameterization for the partitioning of the
incoming radiation into canopy transmission, reflection and absorption at any
wavelength in the solar spectrum. This paper presents a solid theoretical
basis for spectral invariant relationships reported in literature with an
emphasis on their accuracies in describing the shortwave radiative properties
of the three-dimensional vegetation canopies. The analysis of data on leaf
and canopy spectral transmittance and reflectance collected during the
international field campaign in Flakaliden, Sweden, June 25—July 4, 2002
supports the proposed theory. The results presented here are essential to both
modeling and remote sensing communities because they allow the separation
of the structural and radiometric components of the measured/modeled signal.
The canopy spectral invariants offer a simple and accurate parameterization
for the shortwave radiation block in many global models of climate,
hydrology, biogeochemistry, and ecology. In remote sensing applications, the
information content of hyperspectral data can be fully exploited if the
wavelength-independent variables can be retrieved, for they can be more
directly related to structural characteristics of the three-dimensional
vegetation canopy.
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Chapter8. Evaluation of Remote Sensing Based
Terrestrial Productivity From MODIS Using
Regional Tower Eddy Flux Network
Observations

Abstract

The Moderate Resolution Spectroradiometer (MODIS) sensor has
provided near real-time estimates of gross primary production (GPP) since
March 2000. We compare four years (2000 to 2003) of satellite-based
calculations of GPP with tower eddy COZ2 flux-based estimates across
diverse land cover types and climate regimes. We examine the potential error
contributions from meteorology, leaf area index (LAI)/fPAR, and land cover.
The error between annual GPP computed from NASA’s Data Assimilation
Office’s (DAO) and tower-based meteorology 1s 28%, indicating that
NASA’s DAOglobal meteorology plays an important role in the accuracy of
the GPP algorithm. Approximately 62% of MOD15-based estimates of LAI
were within the estimates based on field optical measurements, although
remaining values overestimated site values. Land cover presented the fewest
errors, with most errors within the forest classes, reducing potential error.
Tower-based and MODIS estimates of annual GPP compare favorably for
most biomes, although MODIS GPP overestimates tower-based calculations
by 20%—-30%. Seasonally, summer estimates of MODIS GPP are closest to
tower data, and spring estimates are the worst, most likely the result of the
relatively rapid onset of leaf-out. The results of this study indicate, however,
that the current MODIS GPP algorithm shows reasonable spatial patterns and
temporal variability across a diverse range of biomes and climate regimes. So,
while continued efforts are needed to isolate particular problems in specific
biomes, we are optimistic about the general quality of these data, and
continuation of the MODI17 GPP product will likely provide a key
component of global terrestrial ecosystem analysis, providing continuous
weekly measurements of global vegetation production.
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Chapter10. The Moderate Resolution Imaging
Spectroradiometer (MODIS): Land Remote
Sensing for Global Change Research

Abstract

The first Moderate Resolution Imaging Spectroradiometer (MODIS)
instrument is planned for launch by NASA in 1998. This instrument will
provide a new and improved capability for terrestrial satellite remote sensing
aimed at meeting the needs of global change research. The MODIS standard
products will provide new and improved tools for moderate resolution land
surface monitoring. These higher order data products have been designed to
remove the burden of certain common types of data processing from the user
community and meet the more general needs of global-to-regional
monitoring, modeling, and assessment. The near-daily coverage of moderate
resolution data from MODIS, coupled with the planned increase in
high-resolution sampling from Landsat 7, will provide a powerful
combination of observations. The full potential of MODIS will be realized
once a stable and well-calibrated time-series of multispectral data has been
established. In this paper the proposed MODIS standard products for land
applications are described along with the current plans for data quality
assessment and product validation.
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Chapter11. Remote Sensing of Cloud, Aerosol, and Water
Vapor Properties from the Moderate
Resolution Imaging Spectrometer (MODIS)

Abstract

The Moderate Resolution Imaging Spectrometer (MODIS) is an earth-viewing sensor
being developed as a facility instrument for the Earth Observing System (EOS) to be
launched in the late 1990’s. MODIS consists of two separate instruments that scan a
swath width sufficient to provide nearly complete global coverage every 2 days from a
polar-orbiting, sun-synchronous, platform at an altitude of 705 km. MODIS-N (nadir) will
provide images in 36 spectral bands between 0.415 and 14.235 pm with spatial resolutions
of 250 m (2 bands), 500 m (5 bands), and 1000 m (29 bands). These bands have been
carefully selected to enable advanced studies of land, ocean, and atmospheric processes.
In this paper we describe the status of MODIS-N and its companion instrument MODIS-T
(tilt), a tiltable cross-track scanning spectrometer with 32 uniformly spaced channels
between 0.410 and 0.875 pm. In addition, we review the various methods being developed
for the remote sensing of atmospheric properties using MODIS, placing primary emphasis
on the principal atmospheric applications of determining the optical, microphysical, and
physical properties of clouds and aerosol particles from spectral reflection and thermal
emission measurements. In addition to cloud and aerosol properties, MODIS-N will be
used for determining the total perceptible water vapor and atmospheric stability. The
physical principles behind the determination of each of these atmospheric products will be
described herein, together with an example of their application to aircraft and/or satellite
measurements. Extensions of these and related methods to MODIS observations pose an
extraordinary challenge as well as a unique opportunity to enhance our understanding of

the earth-atmosphere-ocean system.

AP EY A HRH Y 27 R S ok HRY DEEFRIZZ ~ F 3%k
o R

AT WA L4 F D &5 1% MODIS < § #2754 FETZ Ao g BB
F Aok R SR SRR kg et #ww%ui %éa@%ml 3
TR 5T T BB ingr it f1% NODIS - N Mt ¥ St AR L IR o

BT g iohs - BA &SP TS F ﬁ%ﬂ)ﬁg%ﬁﬁ;}—gﬁe} N
Plde e/ & G RIE o oL foip b e07 2 4B T MODIS 67k BURIHE = 2L & ¥
PR U E - BRI g KA AP IR S F 0 B L Sl o

20 RIS i]'yr[ ePaper(2010 &)



xR

2HY R

» Indrajit Bhattacharya, 2010, Analysis of Surface Melting and Snow Accumulation
over the Greenland Ice Sheet from Spaceborne Microwave Sensors, UMI
Dissertation Publishing, United State.

»  Cristina Milesi, Arindam Samanta , Hirofumi Hashimoto , K. Krishna Kumar ,
Sangram Ganguly , Prasad S. Thenkabail , Ashok N. Srivastava , Ramakrishna R.
Nemani and Ranga B. Myneni, 2010, Decadal Variations in NDVI and Food
Production in India, Molecular Diversity Preservation International, Basel,
Switzerland.

» E. Torrecilla, J. Pieral, D. Stramski, R. Reynolds, E. Millan-Nuiiez, 2009,
Identification of Phytoplankton Pigment Assemblages Using Derivative
Spectroscopy of Hyperspectral Remote -Sensing Reflectances.

» Dong Huang, Yuri Knyazikhin , Robert E. Dickinson , Miina Rautiainen , Pauline
Stenberg ,Mathias Disney , Philip Lewis , Alessandro Cescatti, Yuhong Tian , Wout
Verhoef ,John V. Martonchik , Ranga B. Myneni, 2006, Canopy spectral invariants
for remote sensing and model applications, Remote Sensing of Environment 106
(2007) 106—122.

»  Faith Ann Heinsch, Maosheng Zhao, Steven W. Running, John S. Kimball,
Ramakrishna R. Nemani, Kenneth J. Davis, Paul V. Bolstad, Bruce . Cook, Ankur R.
Desai, Daniel M. Ricciuto, Beverly E. Law, Walter . Oechel, Hyojung Kwon,
Hongyan Luo, Steven . Wofsy, Allison L. Dunn, J. William Munger, Dennis D.
Baldocchi, Liukang Xu, David Y. Hollinger, Andrew D. Richardson, Paul C. Stoy, Mario B.
S. Siqueira, Russell K. Monson, Sean P. Burns, and Lawrence B. Flanagan, 2006,
Evaluation of Remote Sensing Based Terrestrial Productivity From MODIS Using
Regional Tower Eddy Flux Network Observations, IEEE Transactions on
Geoscience and Remote Sensing, vol. 44, No.7.

»  Christopher O. Justice, Eric Vermote, , John R. G. Townshend, Ruth Defries, David P.
Roy, Dorothy K. Hall, Vincent V. Salomonson, Jeffrey L. Privette, George Riggs,
Alan Strahler, Wolfgang Lucht, Ranga B. Myneni, Yuri Knyazikhin, Steve W.
Running, Rama R. Nemani, Zhengming Wan, Alfredo R. Huete, Wim van Leeuwen,
Robert E. Wolfe, Louis Giglio, Jan-Peter Muller, Philip Lewis, and Michael J.
Barnsley, 1998, The Moderate Resolution Imaging Spectroradiometer (MODIS):
Land Remote Sensing for Global Change Research, IEEE Transactions on
Geoscience and Remote Sensing, vol. 35, No.4.

»  Michael D. King, Yoram J. Kaufman, W. Paul Menzel, and Didier Tanrk, 1992,
Remote Sensing of Cloud, Aerosol, and Water Vapor Properties from the Moderate
Resolution Imaging Spectrometer (MODIS), IEEE Transactions on Geoscience and
Remote Sensing, vol. 30, No.1.

> pTee R E R, 2007, A GRRSHETEEA R FFEE RIS,

21 ERpIASEsSY i]%f'[ ePaper(2010 &)



xR

A8k 4 $55% 28 S

FAAE, 2007, BIgw BORASZF RG2S R AR R BART

> e AR, 2000, BAGRBEMAEE B TR AAES BRFEA TR GH
R ARERFPELR LT E 52

Y

22 RIS ﬁ%ﬁ ePaper(2010 =)



