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Anomaly Detection in Reservoir Water Level Data Using the
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Abstract

Weather and hydrological phenomena have been changing due to climate change as evidenced by localized torrential rainfall and precipitation falling
by more than 30% compared to the annual average. From 2013 to 2017 the ninety-nine reservoirs reached a water storage rate of 0%, making
a secure stable water supply for agriculture uncertain. There is an increased need for information regarding agricultural water management to respond
to the changes in the agricultural environment and climate. Therefore, automatic water level measurement facilities have been introduced to determine
the real-time reservoir storage capacity and agricultural water supply. According to the Ministry of Agriculture, Food and Rural Affairs' guidelines
for the installation and operation of water level measurement instruments, automatic water level facilities are currently installed at 1,734 reservoirs
and 1,880 irrigation canals, with water level data generated at 10-minute intervals. The official recognition of hydrological water level data for
agricultural reservoirs increased from six in 2016 to forty-nine in 2019. Anomaly detection algorithm methods for data regarding the agricultural
reservoir level as well as quality control measures based on agricultural reservoir characteristics are required to minimize data quality degradation
and generate reliable hydrological data over time. Though it was practically impossible to analyze the correlation between the water level or run-ofi
and influential factors such as weather and terrain, recently a non-linear hydrological analysis has been possible using models such as Artificial
Neural Networks (ANNs). This study aims to present an anomaly detection algorithm for reservoir level data using deep learning based LSTM
(Long Short-Term Memory) models, in combination with other neural networks for managing quantitative information of agricultural water supply.
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Table 1. Properties of Reservoirs

Facility Name Sonhang Suyang Yongam
Place of Location Gyeongsangnam-do Jeollanam-do Sejong-si
Irrigated Area (ha) 133.70 1,497.00 447.50
Total Storage Capacity (1,000m’) 531.48 11,926.00 4,867.90
Flood Water Level (EL.m) 226.22 48.41 61.30
Dead Storage Level (EL.m) 210.00 37.66 50.16
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Fig. 12. Anomaly Detection of Sonhang Reservoir Water Level Data
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Fig. 13. Anomaly Detection of Suyang Reservoir Water Level Data

st=2atxsts| =22, M213 15 20214 2&



AGZ .
E | : v
- ¢ s .
Yeo| S
£ .
a

— 58

o

>

o

|

5 56

® + Raw Data
S 54 ) ‘ *  Anomaly
2019-01-01 2019-04-01 2019-07-01 2019-10-01

(a) Anomaly Data Detection

d 50 ]
«

- 40 -

(=]

T 30+

&

420+

)

210+ + Raw Data
© * Anomal
2, ‘ | C y
2019-01-01 2019-04-01 2019-07-01 2019-10-01

(b) Missing Data Detection

Fig. 14. Anomaly Detection of Yongam Reservoir Water Level Data

Hgo] g4t &AE 20 g F4H, Fig. 139 (a)°l
1 TEATA FAAE 9_% tlolHe 27 g9A4H As
glstanh 89 AFFIHe EFA TR 9] 7 9-9F o)

T sk ol ¥R 2 ELXIQ 202 AHT Fig.
149] (a)olA 25 HolH7} BF EAEHASS 163
th. X3 Figs. 12, 13, 149] (b)ollA 2= wlojel7} B9

S

Ag Ik
2 AT AN SAIZS HE3He] 59 Az
oV BAISIRE T, R HlofEle) oAl el Bl

o] A= dglo|El:= B} 7153l 9= HlolEle) A%
HRA7} 7P, 9 5 TR 7g_°r QA o|A}x| 2
BA 7hks

A,

|
Shere SIol A 49 1 2 aot A5

L g 755
Gom, B AR} AL B9IE Y AR

TEIIATE TS 2l AFA 9 Z}E AZ oS
o2 FEste] AA st o, <5 tlolE Xl EﬂéE
tlolEAl o2 FHEste] ARgSIE < 2E 755 9
&l Hidden Layer®} Hidden Unit& A3l Qx}-&0] 7}
w9k Hidden Layer 170, Hidden Unit 200712] T4 0.2
TE381] Sk5e st LSTM 23S Bl THA=

& ol 2ok EWAAS YA L PLbol
TH7F FHsks FEHE dSHo tirEe] 75
ANFES E'_E?\E}

LSTM 2388 &3] AR A5A 49 AEE vlE: i

5 714 oA B 2018 UL A

FRISIGL) LSTM 28-S &85 508 A5A] 9 z}g
Ol*JXl &3] Aol A Hl%Oﬂ BAgle]l A5 EA7}

Fhssgom, 950 A3 YR 59 FA T oA
YA H oL e ol g7t BAHA

B Ao dske A5A 59 AR FABAE 913

B3yl 7|8t LSTM EEE 0|83

Hefid 71 LSTM 28 3 8 QlAel 453 4SS
Fggom, YT FAAE A5 Y 75 L 2
& 91 3 A7) 51 8 elolele] wjo] Lag Al
PR} BF LSTME o] 83 447 9] o
TE5 3 S92 1Y o] plAFThA of
2 0 ) AEE} 7Fsehd e 9 Ak
hsstrhan ek,

o

N

&

il

[e]

—_

i o?i,

l
A

Al
1ol

N o

j_ 021 -IIN‘
d

ZAtel 2

B 7= Aoy ZaAdt]S vk &/l
o] A7l A9 (2019-MOIS31-010)0l] oJ&l = AH

o EE B ATE BUE A5A LSRN FEAR
F49) 712 47 a7Ale] AFuIAel <3 3]

References

Brownlee, J. (2017). Long short-term memory networks with
python: develop sequence prediction models with deep
learning. Retrieved from https://machinelearningmaste
ry.com/Istms-with-python/

Brownlee, J. (2018). Machine learning algorithms in python,
machine learning mistery: Understand your data,
create accurate models and work projects end-to-end.
Retrieved from https://machinelearningmastery.com/
machine-learning-with-python/

Choi, H.S., and Kim, J.Y. (2009). Quality control and
improvement of hydrologic data at the Geum river
flood control center. Magazine of Korea Water
Resources Association, Vol. 42, No. 2, pp. 49-54.

Hochreiter, S., and Schmidhuber, J. (1997). Long short-term
memory. Neural Computation, Vol. 9, No. 8, pp.
1735-1780.

Hong, EMM., Nam, W.H., Choi, J.Y., and Kim, J.T. (2014).

MK X2 o|4X| BHX| 79



Evaluation of water supply adequacy using real-time
water level monitoring system in paddy irrigation
canals. Journal of the Korean Society of Agricultural
Engineers, Vol. 56, No. 4, pp. 1-8.

Jang, W., Lee, Y., Lee, J., and Kim, S. (2019). RNN-LSTM
based soil moisture estimation using Terra MODIS
NDVI and LST. Journal of the Korean Society of
Agricultural Engineers, Vol. 61, No. 6, pp. 123-132.

Jeon, B.K., Lee, K.H., and Kim, E.J. (2019). Development
of a prediction model of solar irradiances using LSTM
for use in building predictive control. Journal of the
Korean Solar Energy Society, Vol. 39, No. 5, pp.
41-52.

Jung, S.H., Lee, D.E., and Lee, K.S. (2018). Prediction of
river water level using deep-learning open library.
J. Korean Soc. Hazard Mitig., Vol. 18, No. 1, pp.
1-11.

Kang, M.G., Jeong, H.S., and Kim, J.T. (2010). Efficient
management of agricultural canal systems through
quality management of water level and water quantity
data. Magazine of Korean Society of Agricultural
Engineers, Vol. 52, No. 2, pp. 87-96.

Kim, D.S., Kang, S.M., Kim, J.T., Kim, J.D., Kim, H.H.,
and Jang, J.U. (2017). Development and implementation
of prototype for intelligent integrated agricultural wa-
ter management information system and service in-
cluding reservoirs managed by city and county.
Journal of the Korean Society of Rural Planning,
Vol. 23, No. 3, pp. 163-174.

Kim, Y.H., Hwang, Y K., Kang, T.G., and Jung, KM. (2016).
LSTM language model based Korean sentence
generation. The Journal of Korean Institute of Commu-
nications and Information Sciences, Vol. 41, No. 5,
pp- 592-601.

Korea Rural Community Corporation (KRC). (2018).
Technical development for data management and
utilization using automatic water level measurements.

Korea Water Resources Corporation (K-water). (2017).
Development of automatic detection and refining
system for abnormal data.

Korea Water Resources Corporation (K-water). (2019).
Development of quality control algorithm for standard
database of water information.

Lee, T.H., and Jun, M.J. (2018). Prediction of Seoul house
price index using deep learning algorithms with
multivariate time series data. SH Urban Research
& Insight, Vol. 8, No. 2, pp. 39-56.

80 sh=EEiRfEtS| =22, M21# 15 20214 28

Ministry of Agriculture, Food and Rural Affairs (MAFRA).
(2014). A study on the improvement of cost-bearing
system for using and managing agricultural water
and repair facilities.

Ministry of Land, Infrastructure and Transport (MOLIT).
(2010). A study on standardization of hydrological
investigation methods and standards.

Ministry of Land, Infrastructure and Transport (MOLIT).
(2011). Guideline user guide for service. Establish-
ment of national hydrological data quality manage-
ment system.

Nam, W.H., and Choi, J.Y. (2013). Development of operation
rules in agricultural reservoirs using real-time water
level and irrigation vulnerability index. Journal of
the Korean Society of Agricultural Engineers, Vol.
55, No. 6, pp. 77-85.

Nam, W.H., Choi, J.Y., Hong, EM., and Kim, J.T. (2013).
Assessment of irrigation efficiencies using smarter
water management. Journal of the Korean Society
of Agricultural Engineers, Vol. 55, No. 4, pp. 45-53.

Nam, W.H., Hong, EM., and Choi, J.Y. (2016). Assessment
of water delivery efficiency in irrigation canals using
performance indicators. Irrigation Science, Vol. 34,
No. 2, pp. 129-143.

Oh, G.L., Lee, S.J., Choi, B.C., Kim, J., Kim, K.R., Choi,
S.W., et al. (2015). Quality control of agro-meteoro-
logical data measured at Suwon weather station of
Korea Meteorological Administration. Korean Journal
of Agricultural and Forest Meteorology, Vol. 17,
No. 1, pp. 25-34.

Oh, SR, Kim, J.Y., Choe, Y.J., and Choe, HJ. (2014). A study
on the improvement of hydrologic data quality in water
level observation sector. Magazine of Korea Water
Resources Association, Vol. 47, No. 7, pp. 74-80.

Ryu, B.H., and Han, C.S. (2019). LSTM based hydraulic
excavator angular velocity prediction model. Journal
of Institute of Control, Robotics and Systems, Vol.
25, No. 8, pp. 705-712.

Shin, D.H., Choi, K.H., and Kim, C.B. (2017). Deep learning
model for prediction rate improvement for stock price
using RNN and LSTM. Journal of Korean Institute
of Information Technology, Vol. 15, No. 10, pp. 9-16.

Shin, J.H., Nam, W.H., Bang, N.K., Kim, H.J., An, H.U.,
Do, J.W., et al. (2020). Assessment of water
distribution and irrigation efficiency in agricultural
reservoirs using SWMM model. Journal of the Korean
Society of Agricultural Engineers, Vol. 62, No. 3,



pp. 1-13.
Yang, M.H., Nam, W.H., Kim, T., Lee, K., and Kim, Y. Received I November 30, 2020
(2019). Machine learning application for predicting Revised November 30, 2020
Accepted ] December 15, 2020

the strawberry harvesting time. Korean Journal of
Agricultural Science, Vol. 46, No. 2, pp. 381-393.

Etx| 81

Ela{y 7|Ht LSTM 28E 0|88 M4X| £/ X2 O|AHX|




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


