Developing of a Prototype Land Information
Sensor Web (LISW)

Paul R. HouséF, Hongbo S§ Yudong Tiaft®, Sujay V. Kumai®, James V. Geigér
and Deborah R. Belvedére

%Center for Research on Environment and Water, @alweMD 20705
®Department of Climate Dynamics, George Mason UsitgrFairfax, Virginia 22030
“University of Maryland, Baltimore County, BaltimoglD 21250
INASA Goddard Space Flight Center, Greenbelt, MD7207

Abstract- Sensor webs can eclipse the value of disparate

sensor components by reducing response time and masing
scientific value, especially when integrated withcence analysis,
data assimilation, prediction modeling and decisionsupport
tools. The prototype Land Information Sensor Web (LISW is a
project sponsored by NASA, trying to integrate thelLand

Information System (LIS) in a sensor web framework vhich

allows for optimal 2-way information flow that enhances land
surface modeling using sensor web observations, and turn

allows sensor web reconfiguration to minimize ovedhsystem
uncertainty. This prototype is based on a simulatedéhteractive

sensor web, which is then used to exercise and apize the
sensor web - modeling interfaces. These syntheticpetiments
provide a controlled environment in which to examire the
end-to-end performance of the prototype, the impacbf various
design sensor web design trade-offs and the eventualue of
sensor webs for particular prediction or decision spport. In this

paper, the progress of the LISW study will be presged,
especially in scenario experiment design, sensor iwéramework

and uncertainties in current land surface modeling.

In this paper, the latest advances of design and
implementation of a framework to integrate land suface
modeling and a sensor web, a sensor web simulat@\\/S) and
as well as some data assimilation experiments baseuh the
virtual sensor observations will be reported. The stdy of a
virtual Land Information Sensor Web (LISW) is expectad to
provide some necessary priori knowledge for designg and
deploying the next generation Global Earth ObservingSystem
of Systems (GEOSS) and to benefit a wide communitpf
scientists from land surface modeling and engineeffsom space
and sensor technology.
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. INTRODUCTION

Advances in understanding of soil-water dynamidantp
physiology, micrometeorology and the hydrology tt@atrol
biosphere-atmosphere interactions have spurred
development of Land Surface Models (LSMs), whose igi
to represent simply, yet realistically, the transéé mass,

energy and momentum between a vegetated surfacthand

atmosphere (Sellers et al., 1986). LSMs that camteises

regularly include NCAR’s Community Land Model (CLM)
(Dai et al, 2003) and NCEP’s Noah LSM (Chen etL8P6).
LSM predictions are regular in time and space, these
predictions are influenced by errors in model dtre input
variables, parameters and inadequate treatmentilafysd
scale spatial variability. Consequently, LSM préidics are
significantly improved through observation consitaimade
in a data assimilation framework. Charney et 896@) first
suggested combining current and past data in aticiéxp
dynamical model, using the model’s prognostic eignatto
provide time continuity and dynamic coupling betwdae
fields. This concept has evolved into a family e¢hniques
known as data assimilation. In essence, hydrolatita
assimilation aims to utilize both our hydrologicopess
knowledge, as embodied in a hydrologic model, and
information that can be gained from observatiomhBnodel
predictions and observations are imperfect and ish to use
both synergistically to obtain a more accurate ltesu
Moreover, both contain different kinds of infornaatj that
when used together, provide an accuracy levelddanot be
obtained individually. Data assimilation techniquegre
pioneered by meteorologists (Daley, 1991) and Haeen
used very successfully to improve operational weath
forecasts for decades. However, hydrologic datemélasion
has a much shorter history and has enjoyed sigmific
advancement over the past decade by building owledlge
derived from the meteorology and oceanography data
assimilation experiences.

Several multi-sensor satellites are currently ofrega
which provide multiple global observations of thend
surface, and its related near-atmospheric progeitiewever,
these observations are not optimal for addresasingiot and
future land surface environmental problems. Thet nex
generation constellations of smart satellites, WHNASA is
developing, can therefore be categorized as sevsorsince
the satellites are likely to be reconfigurable amaly be able

théo communicate with each other based on the chgrmgrds

of science and available technology. These spaogebo
sensor webs, in combination with similar airbornd ground
based sensor webs, will provide an unprecedented
opportunity to allow for optimal 2-way informatidlow that



enhances environmental modeling using sensor weldesigning and deploying the next generation Gldbaith
observations, and in turn, wil allow sensor web Observing System of Systems (GEOSS). The framewbrk
reconfiguration to minimize overall system uncertgi LISW is shown in Figure 1.

A sensor web is more than a collection of satefiéasors.
According to a most recent definition by NASA/AIZDO7
Sensor Web investigator meeting, “A Sensor Web is a
coherent set of heterogeneous, loosely-coupledriliised
nodes, interconnected by a communications fab@at tian
collectively behave as a single dynamically adaptand
reconfigurable observing system”. That meansnaaeweb
is a system composed of multiple platforms intensmted by
a communication network for the purpose of perfogni
specific observations and processing data requiredpport
specific science goals. It is a networked set stfirments and
analysis platforms sharing information so that eens
behavior can be modified based on that shared riretion S
and the specific observation objectives. An indiidlsensor %g”:hm
node in this web is a device capable of measurither
directly or indirectly, some physical phenomenomdAan
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instrument is a device containing a sensor anchéoessary

components for controlling the sensor and captuting

measurements. These sensors and instruments nhayibed Plgans Py Lan S ol

in in-situ platforms like weather stations or buaysnounted o

onto airborne UAVs, balloon or airplanes, spaceibor Figure 1: LISW Framework

platforms like the EO-1 platform. Each type of fdam has

its merits in terms of cost, time/space resolutiaerial LISW is based on the Land Information System (LIS)
coverage, ease of deployment, coverage, etc. software framework. The recently developed, 2005SKA

In this paper, the latest advances of design an&oftware ofthe Year award winning Land Informat®ystem
implementation of a framework to integrate landface  (LIS; Peters-Lidard et al., 2004; Kumar et al., 2D0nifies
modeling and a spaceborne sensor web, a sensor wabd extends the capabilites of the %2 degree GLDAS
simulator (SWS) and as well as some data assionlati (described above) and the 1/8 degree North Amedi€2hS
experiments based on the virtual sensor obsengatidhbe  (NLDAS; Mitchell et al., 2004) in a common software
reported. The study of a virtual Land InformatienSor Web  framework capable of ensemble land surface modeting
(LISW) is expected to provide some necessary priorPoints, regions or the globe at spatial resolutivam 2x2.5
knowledge for designing and deploying the next gatien  degrees down to 1km. The 1km capability of LIS wHat to
Global Earth Observing System of Systems (GEOS8)}an take advantage of the latest EOS-era observatmr) as
benefit a wide community of scientists from landface = MODIS leaf area index and surface temperatureheit full
modeling and engineers from space and sensor tegyo resolution. The hallmark of LIS is its object-oried software

engineering design and integrated high performance
computing and communications technologies that lenab

IIl.  METHODOLOGY P v

The prototype Land Information Sensor Web (LISWhis e Unceriainy map
project sponsored by NASA Advanced Information 8gst __pala | Ersemtie
Technologies (AIST) Program. In this study, the dan
Information System (LIS) will be integrated withsansor Evaluate
web framework, which allows for optimal 2-way infioation 5 Neture run Sensor cost data
flow that enhances land surface modeling usingsewsb S Sensor planner/ @
observations, and in turn allows sensor web regardition to 2 o
minimize overall system uncertainty. This prototypdased © 3
on a simulated interactive sensor web, which is theed to sample Sle
exercise and optimize the sensor web - modelingrfetes. ‘ <3
These synthetic experiments provide a controlled e =0
environment in which to examine the end-to-endqrenince scs | s =
of the prototype, the impact of various design eernseb R
design trade-offs and the eventual value of senstrs for i

particular prediction or decision support. Throaghanalysis
of the virtual Land Information Sensor Web (LISW),is
expected to provide some necessary priori knowlefdge

Figure 2 Flowchart of LISW



high-resolution ensemble land surface modeling nptas of
this design include the current LIS “plugins” fand surface
models, meteorological inputs, parameters and /gigeisains,
which allow users to implement new functionalityainy one
area without affecting the rest of the code.

LISW further extends the capacity of LIS by enhagdhe
interactions between land surface modeling andosensb.
The flowchart of LISW is shown in Figure 2.

A. Scenario Development

The Land Information System (LIS5.0) is employed to

as sensor budget, accuracy, lifetime, orbit, ete ihterfaces
of SMS define the internal and external communicati
between sensors or between sensors and the Larfac&ur
Models.

The architecture design of SMS deals with sucheisas
how to initialize the sensor, how to maintain thaimcontrol
loop and how to finalize (shut down) the sensors.

C. Sensor Web Framework Design

There is an on-going project on Sensor Web Enabieme

generate three years’ (from 2003 through 2005) ajlob (SWE) organized by the Open Geospatial ConsortD@Q),

synthetic “land truth”, on which the global landrfsce
scenario and LISW experiments will be based. Thetiap
resolution of the global “land truth” is at ¥ degrand the
temporal interval is 3 hours. The land surface rheddch
was chosen to generate the land surface “true’ ssafd M2.0.
More details of the scenario development discusbkgd
(Houser, Su, Tian, et al., 2007; Su, Houser, Téaa)., 2007).

B. Sensor Web Simulation

The sensor web Simulation or Simulator is to getectfze
virtual sensor web observations which are thenirféal the
land information system.

The input data for the SWS will be based on thetmtic
land truth generated in the scenario developmedm. l&yout
of the input data shall be the standard LIS oufprrmat for
binary data.

The output data of SWS will be sensor observatiamish
can be saved on disk and can feed the Land Suvfadels in
LIS via Data Assimilation (DA). The figure belowahs the

trying to implement SWE in Python (http://www.pythorg)
which is an open-source, object-oriented, programgmi
language. Their approach to implementing the OGE3\Wa
web service is based upon REST (REpresentatiorate St
Transfer), rather than SOAP. This python/REST cotisban
interesting approach, and is quite a deviation ftoenpopular
java/SOAP implementation. SWE only provides a stadd
and does not provide a working system for the conitpuWe
need to build our own. A suitable middleware is kieg. We
will conform to the de facto Sensor Web Enablen{&WE)
standard proposed by the Open Geospatial Consof@@c).
We plan to implement Sensor Web Enablement (SW&) vi
java/SOAP as a middleware, where some customizatithn
be made for special use in LISW. The schematiadidligure
4) below shows how to integrate Sensor Web Framewith
LIS.

The middleware in the Sensor Web Framework haribi&es
messages between LIS and SWS. It provides a seamles
communication tool to process both sensor web
reconfiguration requests which is usually initiated land

relationship between LIS, SWS and the Sensor Welyrface models in LIS, and the feedback of the meneb

Framework. The Sensor Web Framework will be disediss
the following section.
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Figure 3: lllustration showing the high level desigf SWS

The properties of a sensor web are described in 8ai&
structure, from the perspectives of different viewps, such

simulator, which generates the observation datagryo
lower the uncertainties in land surface modeling.
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D. Data Assimilation Experiments

The virtual sensor observations are incorporatéa time
land information system via an approach of datavakgion
which is an En-KF method and currently supportedi$6.0.
There are 4 different datasets generated from th@ d
assimilation experiments:

Control Run, *“virtual land truth” from the CLM
model output

upper panel shows the annual mean of the latentlloeeand
the lower panel is the annual mean of the firseilagoil
moisture.

Virtual Observations, generated from the sensor

web simulator

Openloop Run, Noah model outputs without any

observations

Assimilated Run, Noah model outputs with the

assimilation of the virtual observations
By assessing the improvement of model predictioomf
the assimilated run, we can have an estimate of tiav
different configuration of the sensor web can intpac the
land surface modeling and then find out an optichizay to
design and manage the virtual sensor web.

. PRIMARY FINDINGS AND PRELIMINARY RESULTS

Figure 6 Demonstration of the Integration of Sefweb Simulator and
the Sensor Web Framework

The study of Land Information Sensor Web has made

progresses in the four different areas, which apwed to the

methodology discussed in the previous section {@edf).
Three years of “global land truth” has been simadat

based on CLM2 from LIS. The input data and oututables

The design and implementation of the sensor web
simulator and the sensor web framework are comgpléibe
figure above (Figure 6) shows a captured picturéchvis a
simple demonstration of the two components in LISithis
experiment, the scattered ground sites return
measurements of surface temperatures and the freyud
the measurements can be adjusted by sending eveanto a
particular site. The values of the temperature mneasent are
then shown lively in a google map.

the
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Figure 5: Example of Simulated “Global Land Trufaf 2005
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were described in previous sections. Figure 5 shaws
example of the simulated 1/4 degree “land truth2@®5. The

Figure 7 Data Assimilation Experument



Data assimilation experiment was done to study Ifhe [4]

layer soil moisture for 3 consecutive years fror@2€hrough
2005. Figure 7 shows the comparison of RMSE (Roeaiv

Square Error) for open loop run and assimilated (as [5]
Both of the RMSEs here are
calculated based on the control run. It reveals ithall the [6]

defined in Section 1ID).

situations, the assimilated run is in a better egent with the
control run than the open loop run, considering thaas a
less RMSE and a higher correlation coefficient. dhvious
seasonal variation of the RMSE and correlation fadeft is
also found, which may be caused by the differendeho

physics between the CLM and the Noah in winter spiihg  [7]

seasons when the deviation is larger.

IV. CONCLUSIONS

8
In this paper, the latest advances of design aM

implementation of the LISW components, which indua
framework to integrate land surface modeling ardsor web,
a sensor web simulator (SWS) and as well as datm#gation
experiments based on the virtual sensor obsenstioere
presented. From the data assimilation experimantsjas
revealed that the assimilation of sensor web olbsiemns is
beneficial to achieve a better agreement with therol run.
The seasonal variation of the data assimilatioriopgance
was identified. Further study to investigate thiepomenon

by numerical simulation on a supercomputer wilbloe future 9]

plan.
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