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ABSTRACT

To protect water pollution and scarcity in lake arder, water quality monitoring applications havedome important tools to
understand the change of aquatic ecosystem. KLEONe@fiokake Ecological Observatory Network) is desigimethanage and
share the ecological observations. The various kioidwater quality and phytoplankton observatiores @llected from the selected
observatories such as seven lakes/rivers/wetlandsdéeply understand the collected observations witather, KLEON also
manages the observatory information such as lalm,dloodgate, and weather. The accumulated observand analyzed results

are used to improve the water quality index of theeovatories and encourage the ecologists’ coopanat

Keywords: Water quality monitoring system, Lake ecologicddservation management, Lake observation netwoduatc
ecosystem assessment, Observatory information reereay.

1. INTRODUCTION

Water quality monitoring system is required to wstknd
aquatic ecosystem health with high frequent obsienvs For
example, it is hard for ecologists to understarel change of
water quality with fragmented and irregular obs&ora
because water quality is spatiotemporally changed bariety
of factors such as weather, climate, and geometry.

The trend of ecological observation is changed with
advance of sensor and wireless communication téohyoFor
example, observation range definitely widened amémount
of data rapidly increased. An observation managérnai is
also required for ecologists to collect, share andlyze the
increased various kinds of lake ecological obsemat

To support the observation management tool, wegdedi
KLEON (Korean Lake Ecological Observation Network),
which is designed for ecologists to manage andesttiagir
observations by providing observation databasepigrand
map service. KLEON handles 34 types of sampling
observations and 5 types of sensor observationghwiare
collected from the selected observatories (lakesyafg,
Euiam, and Youngrang; rivers: Soyang and Han; wdtlapo;
stream: Anyang, Gapyeong). To clearly
observations, KLEON also manages the observatgtieh as
lakes, sites, dams, floodgates, and sensors. Tlyzanghe
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various phenomena of lakes as shown in table 2installed
sensors at the observatories. Through CDMA model and
regular download, the observations are transmitteldLEON
server, which handles observations with dynamia dabdel
and provides them on the internet to share thereaisens.
The collected observations are used to improveticeracy of
water quality index of lakes and rivers by usingewvajuality
model such as CE-QUAL-W2 [1]. With KLEON, the anayiz
results are used to encourage the ecological @sear
community, the environment preservation service,d an
education.

2. RELATED WORK

In order to preserve and utilized aquatic ecoldgica
environment, water quality monitoring systems aeseloped
ecumenically. Automatic water quality monitorings®m is
installed and operated by Ministry of EnvironmeKtwater,
Rural community cooperation, and Rural Research ustit

MOE (Ministry of Environment) [2] manages AWQMS
(Automatic water quality monitoring system) at 5&s of four

understand rivers such as Han, Gum, Nakdong, and Youngsamstii9

water quality parameters are monitored in AWQMSwéter
(Korea Water Resources Cooperation) [3] developed RBVM
(Real-time Turbidity Monitoring and Management Systeto
manage the water quality at rivers and watersheate¥\fquality
simulation model, CE-QUAL-W2 (2D) [1], is employed
understand the change of water quality. This RTMM$Sised
to protect natural disaster such as water scaguiy water
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pollution. For example, RTMMS predicted the flood 2804
and 2006.
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protect the industrial pollutant such as VOCs (Mdabrganic
Compounds). Benzene pollution is found by monitosggtem

KORDI (Korea Ocean Research & Development Institute) at 2003. They monitor the flow of benzene and ginalarm to

[4] installed the water quality monitoring statioms Lake
Saemankum to collect nice water quality paramesexh as
temperature, pH, dissolved oxygen, and turbidityhe T
parameters are transmitted to monitoring centeeah time by

protect the pollution. GLEON (Global Lake Ecolodica
Observatory Network) [8] has a goal to understardifarecast
the natural and artificial change of ecosystem akel and
reservoir. The members of GLEON installed buoyda&es,

using CDMA modem. KFRI (Korean Fisheries Research which attach the different kinds of sensors to cletgater

Institute) is operating water quality monitoringiser network
with 30 buoys at coast.

Center for Applied Aquatic Ecology, North Carolinaatet
University [5] installed 10 RTRM (Real-time remote
monitoring systems) at 18 sites, which is importanfind the
reasons of aquatic ecosystem problem such asiflslokygen
depletion, and harmful algal blooming as shownimI

CAAE RTRM Network-Neuse Estuary, NC, USA

0 5 km
—

Fig. 1. Monitoring sites of the Neuse Estuary Monitg and
Research Program [5]

This RTRM platform is also used to monitor the bebraf
fishes depending on the frequent change of wateatitguat
Chesapeake Bay. FMRI (MARVIN-Florida Marine Research
Institute) made the tool to automatically collecter quality.
Various kinds of sensors are used to record théodiizal,
physical, chemical, and meteorological data.

In Fig 2, at coast of Hong Kong, HARS (Harmful Algal
Blooms) [6] are big problem to damage the ecosysteon.
example, a number of fishes are killed at Hong Kan$}998.

Mirs Bay
(Dapens Bay)
Katl O

1iaorors

Mainland

Pearl River™ |
Estuary

Fig. 2. Water quality monitoring sites in Hong Ko[tg

The water quality monitoring system, which is itisth to
protect this problem, gave 19 alarms about algabrol from
2000 to 2003. This system checks chlorophyll arsbalved
oxygen to find algal bloom. ORASNCO (Ohio River Valley
Water Sanitation Commission) [7] is installed at489to

quality.
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Gleon dbBadger to share observations [8]

Fig. 3.

In GLEON website, users can check and analyzedbegnd
the current sensor data at observation sites inwthid by
using the dbBadger, the VADER, and the lake analyzer
shown in Fig 3. GLEON is collecting high frequerdata such
as temperature, dissolved oxygen, dissolved carioride,
plytoplankton pigments, acoustic Doppler currenofifpers,
solar radiation, wind speed, and relative humidityith this
network, ecologists, geologists, scientists, angirerers share
their observations and knowledge and develop new
technologies and new models. For example, they ttry
understand the change of lake ecosystem dependictinoate
change.

GoMOOS (Gulf of Maine Ocean Observing System) [ h
been developed to understand and forecast the eludrggean,
which strongly affects various ecosystems on thde sof
science, environment, commerce, and resource.
accumulated observation is used to guide shipsofsakeep
resource (ocean resource manager), forecast thatelichange
(scientist), give information (educator), rescu@pgle (rescue
team), and prevent ocean (public official). Whenuser
searches the historical and the current obsensgtiGoMOOS
supplies graphing and download service throughndwefi data
type, time periods and locations. GOMOOS also plewithe
forecasting map such as wind and waves, marinecdste
water level, circulation, and right whale births.

LERNZ (Lake Ecosystem Restoration New Zealand) [40]

a site to restore lake ecosystem by constructimgamunetwork
with the analyzed data and result. LERNZ focusesestoring

a variety of species by developing new models and
technologies to effectively manage harmful algalobhs, new
pest fish management and control technologies, ratgofit
model. The installed buoys transmit their obseoretisuch as
water column, pH, light absorption and bottom néra

The
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concentration, dissolved oxygen, and chlorophybfescence,
phycocyanin (indicative of phytoplankton and cyaacieria
biomass respectively).

S oiEu = oc

The lake information of LERNZ [10]

A

Fig. 4.

To protect and restore lake ecosystem, they haverae
programs such as invasive fish research progranamgs river
ecology (large river research programme, develodarge
river sampling methodologies, measuring the effe€tgarious
human activities, developing approaches for ecobligi
monitoring, testing indicators of large river eqgtal
condition, understanding energy pathways fuellingh f
nutrition, evaluating the effectiveness of restiorat
approaches; and developing models of large rivesystems,
urban restoration research).

LakeESP (Environmental Sensing Platform) [11] is
developed by PME (Precision Measurement Enginegring
which provides the particular sensors, software] tools to
support the fresh ocean water research. With iatemal
scientist community, PME develops the sensors, hwhice
used to closely measure pressure, dissolved oxyged,
temperature. LakeESP consists of data logger, TrChai
(temperature, DO, PAR, pressure), station main frame
meteorology sensors, and data transmission. Thesosgn
which are installed on LakeESP transmit raw filéntdude the
observations. The data stream is stored at ravstieage and
transmitted user’s pc by using FTP transfer.

Wetland is very important ecosystem, which is aéidcby
water. Weland is useful to keep water quality, pdevhabitats
for birds, and supply food. However, human destrdyis
wetland by changing the water flows, taking resesrcand
polluting wetland. Pakistan wetlands program [1@hich
includes marsh, fen, peatland or water has sonpeeigenting
the valuable wetlands with training such as leaynivetland,
being conservationist, and avoiding use of chersical

3. ECOLOGICAL OBSERVATION PROCESSING

To assess aguatic ecosystem health, ecologiststoedtare
and analyze the observations in lakes and reserWlith the
advance of sensor and wireless communication téebpothe
trend of the collected ecological observation isrged as
below table.
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Table 1. The change of observation trend

Items Observation trend
Temporal variability low— high
Spatial resolution low — high

Observation range small — wide

With this change of trend of Table 1, an amount of
observations rapidly increase. Limnologists andagists need
the data acquisition and management tool to hatlkse
increased observations. In order to support ecsiggi
requirement, KLEON, which supports ecological resea
environment, is designed to share the ecologicabfations
and the observatory such as weather, lake, danf|aodtigate.

KLEON testbed |

=8 =

) <Sharnng Observation> Info.

< Obsemvatory Info. M g’m >
A

Web Senice

| .
_][ |

"
model
Global Observation

{USA_. New Zealand. Thailand)

Fig. 5. KLEON structure

KLEON testbed

[ Data
=

[ User query ]

(=)

Obsevalion
CDMA or download ]

Domestic observation
(Lake Soyang, Lake Uiam.
Han river. Swamp Upo)

KLEON consists of the user query processor, data
convergence, data standardization, data analygsefliction,
visualization, and simulation model as shown in Fi¢gLEON
handles water quality and plankton data, the in&diom of
sensor, lake, dam, and weather.

Seven observation sites are selected to analyzr waality
as shown in table 2. The installed buoys transeniser data
such as water temperature, dissolved oxygen, efgctr
conductivity, and turbidity. With the sensorML ofQQ [13-
15], the status and history of the installed sensoe stored in
KLEON. Users manage the received observations with
observatory information by using a map servicelaninternet.
Ecologists analyze the phenomenon by using thenadeted
data with water quality model such as CE-QUAL-W?2.iBes,
the accuracy of water quality indices at sevenssitdl be
improved with the accumulated observation data.

3.1 Observatory network
To evaluate eutrophication, turbid water, and asialyof

causes of fish kill by Oxygen deficit, we installftde kinds of
sensors at seven observation sites such as lakess, rand
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wetlands as shown in Fig 6.

“ Lake 9 Lake Anyang ° Lake

Euiam Stream

Soyang Youngrang

e Gapyeong e

Stream a wf,'::‘d Sites’ positions

Fig. 6. KLEON observatories

Table 2. The installed sensor types at observatorie

Site Sensor types Analysis
Lake Eutrophication
! Soyang Temp.,DO, EC Turbid water
2 Lake Temp., EC, Eutrophication
Euiam Turbidity Turbid water
3 Anyang Temp., DO, EC, | fishkill
Stream pH, turbidity (oxygen deficit)
Lake fish kill
4 Youngrang Temp., DO, EC (oxygen deficit)
5 Gapyeong Temp., EC Lgng—term ecological research
Stream climate change
6 Han Temp., EC Lgng—term ecological research
River climate change
7 Wetland Temp., DO, EC Long—ter_m gcologlcal research
Upo Eutrophication

Table 3. Observation and observatory in KLEON

The detailed sensor types and the analysis goalemeribed
in table 2. To provide this sensor information sers, KLEON

employs the sensorML of OGC as the standardizatmn t

describe the sensor’s properties.

<The relationinformation of the sensor>

Description
of sensor

Example

Sensor ML
(Open Geospatial Consortium)

Measurement, time, error, ...

Fig. 7 Description of sensors

In Fig 7, SensorML describes the installed sensors’

properties such as model no. name, accuracy, Sagriplierval,
and error rate. This information is used to underdtthe status
of sensors with error rate and sampling interval.

3.2 observation transmission

Fig 8 shows the overall observation transmissiohelvthe
installed sensors observe the environmental camgitthe
observation is transmitted to data collector ireevear through
CDMA modem. The collected observations are stored
database by using VEGA model [16], which is desigime
GLEON [8]. Users can search and download obsensitan
KLEON web site.

Items Types
. Water qualit 34 types (Turbid, SS, VSS, NVSS, B@QOD, ...
Sampling quality ypes ( @mp, ...)
Observations data Plankton plant plankton (Cyanobacteria, Chlorophggce.. )
Sensor . . - . -
data Water quality temp. pH, electrical conductivity, telatemperature, dissolved oxygen, turbidity
Sensor . .
Information Sensor SensorML (model no. name, position, samjritegval, ...)
Dam general, reservoir, spill way, tailrace, poplant, note
date, water level, inflow rate, total outflow rapmwer generation outflow rate, extra
Observatory Floodgate | o fiow rate
Observatory
Information Lake extent, maximum length
Site site ID, source, position, project, period
Weather temperature, cloud, solar radiation, wimeks and direction
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< Sensors> <CDIMA modem communication>

e \
< ==

Data Collector
Sensor Network(RF Modem / CDMA )
= .

Water quality (sampling / sensor data)

= Woecathcr data (radiation, cloud, wind, ...)

= Observatoryinformation

| Lake, site, dam, floodgate, sensor

< Observation ~

Fig. 8. Observation transmission

Fig 9 shows the collected observation. The obsiemnstare
analyzed by using water quality model with the tiefa
between observation and observatory informationhsas
weather and construction.

30
—— Temperature

— 25
=
=
=
= 20
=
=
=3
s
= 15
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07-06-19 07-06-23 07-06-27 07-07-01 07-07-05

Time

Fig. 9. The collected observation
3.3 observation database
In order to support the ecologist’s research, KLERA¥dles
not only sensor and sampling observations but dls®

information of sensor, weather, lake, dam, anddifade.

Dan. floodgate Water quality

Floodg
Yo observation valus
ValueD o

Value Valueld
Floodgate streams DateTime Value
¥ uTCofset DateTime
streamip st uTcoffset
siteld Flag ; . . . Steamid
Vatebled Lake Sampling site Pr——— o
MethodlD 9D
ETME‘,D dam informatio lake informatios Observation site StreamiD
e fsetvalue Vid ¥ lake id ¥ sited M SitelD

)
MethodD
MethodName

lake — lake lake Variablels
Secut name dty water qualty MethodlD
QualfielD latitude latitude project Sourceld
AggMethodl longitude longitude project period fror Offsetvalue
AggSpen introduction makimum depth project period to OffsetType
Uniti genenl extent latitude Securiyin
dam address longhude Qualiedd
resenoir country bottom depth AggMethodD

)
AggViethodD

spllway province AggMethod

tailrace note.

power plant

samaling method Aggspan
unito
StreamNotelD

ensor \‘ 0
Yo Unitid

aier observation lake Unitshort
Vuleld 4 ether observaton sid Unitiong
weather obszn | 7 weather observate IdentifiedAs
d year = ClasiedAs
ayn Documenteonstr
e Locztedusing
observation_type Measures note.d
unit Destrbedsy P
latitude Note
longitude
avalable data
msL Sensor

Weather

Fig 10. Design of observation database

To store the observation and the observatory irdtion
which is shown in Table 3 [17], the observationathase is
designed to describe the relation among lake, gliteervations,
and observatories. A lake has several sites depgndn
observations such as dissolved oxygen, temperauncepH. A
site has additional observatory information, thare relations
among a lake, a dam, a floodgate and weather.

Lake tables store the lake information such as'$akame,
latitude, longitude, maximum depth, and extent. €Diation
site, which is the sampling point, is included akd. Weather
tables store six kinds of weather data such ag sathation,
total cloud cover, air temperature, dew point terapge, wind
direction, and wind speed. Weather data is provigedKMA
(Korea Meteorological Administration). Water quglitable
stores 42 attributes of the sampling data such aserw
temperature, pH, turbidityy, BOD, COD, and DIP.
Phytoplankton describes the extracted plankton fsampling
water. This sampling data has different kinds ofilaites to
indicate the water quality. This data is very ubefa
understand the change of ecosystem in lake.

To detect the phenomenon, sensor observationss a
important, because sensors continuously check tlagerw
quality for every sampling interval. More sensordl vbe
installed to observe the change of ecosystem ie. [a& handle
the sensor data, we extend the Vega [16], whiaesgned to
handle sensor observation at GLEON. These tables ar
designed for ecologists to manage and analyze likergation
and the related information with web interface.

4. OBSERVATION MANAGEMENT ON THE WEB

To provide the sensor and the sampling observatiodsthe
information of lake, dam, floodgate, and weatheg, designed
the google earth based user interface. Fig 11 shbwsveb
service of KLEON.

)

it Med =l Lanvpias

RIS

“Laks Ri éI“ Netland-

1 =

@) The graph of sensor observation

Flarkeon

(L]

(¢) C3V file

feater Cualit,

e Data isver - < harpling Datacizeer

Fig. 11. Overview of KLEON web service

In order to estimate the water quality of sitegrasan search
observations through sensor data viewer and saghmlata

International Journal of Contents, Vol.7, No.1, N2l



50 Young Jin Jung: Design of Lake Ecological Obseprabata Management

viewer. To clearly understand the change of wateality,
observatory information is also managed on the Wwebshow
the sensor data at seven lakes, reservoirs, caneetn the web
with the geographical information, the google edréised user
interface is provided as shown in Fig 12. For exampsers
can find lakes (a) in the world with google eaitthen users
click the sensor mark (b), which are attached dsuay or a
bridge in the selected lake, the sensor descriptind the
observation data in the sensor mark is provided.

(a)Lake management

e Ee——

(1) Graph of samphng observation

(€) XML

((l)(‘SVll;r”
Fig 12. Google earth based user interface and wdusen
search

The observed sampling and sensor data is presengedph,
xml, and CSV (Comma-separated values) file. Forrgta, the
observation at Soyang river is shown as the grdpbensor
data (c), CSV (d), xml (e), and the graph of sangpliata (f).
With these kinds of data forms, ecologists shareirth
observations and discuss their research.

5. OBSERVATION ANALYSIS

Ecologist analyzes the accumulated observationd &ON
by using a water quality model. For example, CE- QuI&X2
(two-dimensional water quality and hydrodynamic €pds
used to represent the water quality of Lake Soyang.

- e ool

Dam(outflow) /¢

Inflow

-«

Dam Inflow

Fig. 13. Grid of water quality model (CE-QUAL-W2)rfo
observation analysis in Lake Soyang

In Fig 13, the grid, which includes 4 sections &lpink,
yellow, red), shows the gradient of depths of L&myang.
Each section includes horizontal segments and mesggis
also divided to vertical cells. In each cell, sev@quations are
used to calculate the represented value. When gistdoput
their observations to the model, it makes the amalyand the
predicted the results. By comparing the differemdki of
observations with water quality model (CE-QUAL-W2),
ecologists try to understand the change of ecosys#telake.
For example, researchers at Kangwon national usityer
analyze the cause of fish kill at Anyang streamhwibe
observation. They tried to find the oxygen exhaustpoints,
which can make the fish kill by comparing temperatu
dissolved oxygen, turbidity, and conductivity.

6. CONCLUSION

KLEON is designed to support ecologists’ researgh b
managing the observations and the observatoryngtion. As
a result, the accuracy of water quality index of gelected
observation site is improved with the accumulatbdeovation
by utilizing CE-QUAL-W?2. The accumulated observasand
analyzed results will be used to support ecologicance, IT,
community, and national policy. KLEON also encowsg
global ecological research cooperation by sharirtg i
observation data and supporting IT with GLEON.
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