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Salinity predictive system for the Bangpakong river

Asst.Prof.Dr. Amnach Khawne Advisor

Academic Year 2022

ABSTRACT

Water is one of the factors that are crucial for agricultural production. Water with a salinity level
higher than 2 grams per liter, according to the standards set by the Royal Irrigation Department of
Thailand. This reduction in productivity impacts farmers income in the Bang Pakong River basin,
particularly during dry periods. In this research, a deep learning model based on a Recurrent
Neural Network (RNN) was developed to predict the salinity level of water in the Bang Pakong
River basin in advance. This model helps farmers to prepare and cope with future situations. Three
types of recurrent neural network models were considered: 1) Recurrent Neural Network (RNN),
2) Long Short-Term Memory (LSTM), and 3) Bidirectional Long Short-Term Memory (Bi-
LSTM). The models were trained and evaluated using electrical conductivity (EC) data from the
Bang Khla station of the Department of Irrigation and Drainage for 2022. The models could make
hourly predictions up to 24 hours in advance and daily predictions up to 14 days in advance. This
research aimed to compare and determine the performance of the three types of RNN models in
predicting the salinity level of water for hourly and daily predictions. The performance was
evaluated using RMSE (Root Mean Square Error) and MAPE (Mean Absolute Percentage Error).
The results showed that the best model for hourly predictions was the Bi-LSTM model, with an
RMSE of 27.04 micro siemens per centimeter (uS/cm) and an MAPE of 6.42%. The LSTM model
performed the best for daily predictions, with an RMSE of 68.62 uS/cm and a MAPE of 16.27%.
It was observed that the factors affecting the higher prediction errors for daily predictions
compared to hourly predictions were primarily related to the dataset. The dataset for the year 2022
was the most complete but had a limited number of samples compared to the total dataset
available. Overall, this research demonstrated the effectiveness of the Recurrent Neural Network
(RNN) models, with the Bi-LSTM model performing the best for hourly predictions and the
LSTM model performing the best for daily predictions. These models can provide valuable
insights for predicting the salinity level of water in the Bang Pakong River basin and help farmers

make informed decisions in managing their agricultural activities.
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9 ] (Y] (%] A 3 [ 1 Y B
llﬁ’]!’!,‘ﬂ ﬂ?ﬁﬂi’)ﬁ]ﬁ]‘ﬂ?@lgil&ﬂ"lw (object detection) n1sIanNguIya (clustering) Msudaniyn

(language translation)

2.6.1 Recurrent Neural Network (RNN)
(Vidyapeetham and Kumar, 2018) RNN fiauyusiasdlnseuielsearmneni
A o [ ) A & o [ a
panuUUN NI N uTayaNudidu Tagmmiz Tag RNN 919910 Neural Network Un@l
Aa ° A ] o ¥ ) 1 Y o v
asaninrganuiimelungiglnaimisadiveyaviuinouniinaziiu lslunis
Uszunanadoyaluomaald wu lumsulanimn

Tu RNN doyaszgndaiiunaaziag (time step) Inodoyanassae lag lismniy

) A

s H 1 Y ' I o dAq Y o A 9
m@maﬂlﬂﬂm@giuGHUﬂ@uﬂu'] llagﬁ\ieﬂﬂi]uﬂuWaaWﬁﬂ1%1Uﬂ1ﬁﬂ1u1ﬂﬁ3@ﬂﬁgmjaWasllﬂll“a

U
9 H

Y
1 U [ J
a0 11 Fun1¥lun1sa31a RNN Ao Recurrent Layer 1a8152naualsmas (cell) Hio 1vua
{ 4 AR 4 <] 1 {1 1 1
(node) Niims¥ouaenumdurnamieIiaunsanuavestoyanmuinlauazdeas lulu

Y
Fuda
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7
iy y

31 2.7 naasdn a5 MIUYee RNN 1uuee

) ®
I I

T
& © 6

31 2.8 HEAIANHATNFNNINUVYRI RNN HuUveny

v
v

v

®)
i
A
6

A

@ ® (®
t t

A 5 A
I | |
© ® ©

31 2.9 waaalassadramsimaumealuves RNN

1 a9 9 9 o & J Y 19 . @

Tungag Tvua RNN T9aya0141010280UnInua 2 49y Taun YDA input NU
Y 1 ¥ =\ J v 1 . = o 9 .
VDYATDIUSHDU (hidden state) UWINHU non-linear activation mmmﬂawam input e

. < . o w ’ . 1 T 9

hidden state 1114 hidden state 1182 output AR hidden state T time step 91 t Yuognvdoya
. . . . ' 9 o o .
input 1 time step t 118 hidden state 910 time step NOUNUT (t-1) LAZHAGNT (output) TU time

Y v
step t YUY hidden state 11 time step t AITUNITN 2.4 11D 2.5 AW
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hy = f(Wynxe + Whphe—q + bp) 2.4)
Tauii
ht Ao hidden state 11 time step t
f Ao W4 %4 non-linear activation YB4@15 hidden state
th Ao weight maﬂ%’ega input 14 time step t
Xt Ao 6lﬁljii]ll“t’ﬂ input 14 time step t
Wh h Ao weight U4 hidden state 11 time step ABUHIN (t-1)
hi_1 o hidden state 111 time step NOUW (t-1)
bh Ao bias vector YBITNNIT hidden state

Ve = gWynhi + b)) (2.5)

Tauii
Vi flo doyanadns (output)
g A9 W9NTU non-linear activation YBIEUAT output
Wy h Ao weight U949 hidden state 11 time step t
by Ao bias vector UBITNNIT output

1 < = gﬁ = [ 9 . .
981915001 N15AN RNN dudinnududeu Tasmnizily1ves Vanishing
. A a \ J v Ao A ' v y &
Gradient NINADINMTH gradient VOININFUAINGIVOI RNN NUMI@0UADAUHA18TY &9
o . 4 o I '
9197119 Gradient oaa5es o wazinlinsiln RNN i1yl ldenuazinninTumalszam
] Y
ieudu aaemaHInsWmL RNN JUAAH 191 Long Short-Term Memory (LSTM) 1182 Gated
Recurrent Units (GRUs) @900 uu oA ifayn1uos Vanishing Gradient Tagyhin1saiungy
9 A 9 ' = ] a 9 o
m3 lnavesdeyairidinluTvuauaazd Fareld lumaawisaisouiuaziaiifoya
9 dgg = A A o ) 9 s A
1duaiu Tas LSTM fiTruaesigaslunmsaaswazaudoyauaz GRU ldinandive
Yy K2 9 1 g
augumMsnnateya lumsiszuianalundaz s
Tutagaiu RNN Simsih 1 1Faulumatsan mu msdimnedoyaluouinaves
Y [ A v Y 9 o I Y
10U Msuaniien Tulia n1ssudidesaznisya tagnsaiemussoenw udu
Taefinswan RNN sgnaetilouiiolsulialszansnmlumsiszunanadoyaluanvas

Y
a1 1 1d5ms e RNN wnauTudagiiv
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2.6.2 Long Short-Term Memory (LSTM)
. IS o ] = A
(Vidyapeetham and Kumar, 2018) LSTM 1Juuyusiaedlaseielsearmnoudn
T lumsswunuazBeuidinuuedoya (sequence data) Tagmwized198amssamsnua1sy
A A ) @ o 4 J 9 1 1 = g 1
a1 NNEIMoINUANYFUHUTIZHINTDYAVD AR TN AU UN13dos0AN19InN RNN
Wannuaziuaue 1uil a.6.1997 Tag Hochreiter t1ag Schmidhuber
Y] 49! A Y . . . A a o
LSTM gﬂwwuwmwmm"lmﬁmum vanishing gradient NNAIINNITNINTIUUDI
$ a 4y ~ Yo o A v an A YA v
RNN suvaudaud liamnsazouidnunainerunuld Tagdsmsi LsT™ l4dens 1 gate
A l A A 3 A 9 Ao w A 1o o ] 1 )
W30TINNAIAN BIReNINUWS paDdeyand1nyvs o ludagnnsrwanounin

£y J ' £y
LSTM Uszneudlonals q lvuariowaa laouaas 1vualsenouaie 3 gates

Ao
o 9 vy A o
1) Input gate A2UANMIUIVOYA 1HUING memory cell TuvmznaIwanagiu
9 1 1 1 Y
2) Forget gate AIUANNITAVVDLYAINIOONDIN memory cell TUFIUIAINOUHT
9 ] v
3) Output gate AIUANNTAIVDYADDNIIN memory cell THFINIATYTTU
J I Jd v L s X 1 1 PR 1
Taauaag gate w1Pulanu sigmoid Haveiin1lumsie 0 89 1 wazlHhiureini
AIANNITNTBITOYA

@ ® )
t o L: t
s [TdAL A L

| |
© © @

1 2.10 Tnssadrumsimaumeluves LSTM

A1511911Y89 LSTM ADAITAIUINTDIUE (state) 1MV memory cell Taald
AUMINNAGAMAASHOHANHAUNAGNT 1N input gate, forget gate 1A% output gate TUTBYA
il i Fumfiiu131u memory cell 9zgmit I 1Flumsshunenadnsde Tl lu
19100 1)

Y Y
1 1] 9 o a 14
Tuudaz Tvua LSTM Huivuasunisiianulagldaunisnagiaemaasod

U

Y Fd v v 2
oA 4 Tuaou laun Yuaay forget gate, YUADUY input gate, YHUADY update memory

F
cell, 1AZIUADU output gate ANTIAL
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31 2.11 IEUMIMSM UV 9T UNDU forget gate

A 2 <3| ] { o { '
TaviFunsn Juaou forget gate iutunoufivhriiinauaumsaudeyainiosn

[ Y
91N memory cell FayuadnuToya input T time step t 1481 hidden state T time step ABUNIN

U U

] d v 4 v A 1 o {
(t-1) fulanu Sigmoid edadulainnzaunioaudoyalalu memory cell AsauNITH 2.6

ft = O'(foxt e thht—l + bf) (2.6)
Taen
ft Ao A forget gate
o Ao Wardu Sigmoid
fo Ao weight "‘IJE]QSISJIE){JJ@ input U time step t
4 9 . .
Xt A9 UDYa input 11 time step t
Wh f Ao weight U84 hidden state 11 time step ABUHIN (t-1)
ht—l 0 hidden state 11 time step AounIN (t-1)
b A9 bias vector VBIFANMT forget gate
f
(2 >
Cy
hi—1

A

1 2.12 l@UMIMSMOUV IYUNDY input gate
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2 ! 2 . < & A o Y A o vy
"Uu@]ﬁ]uﬁﬂllﬂ YUADU input gate Lﬂu"lluﬂ’ﬁ)uﬂﬂWWuWﬂﬂ’liu’lT@uﬂﬁiﬁNmﬂﬁ
=

U

v 9

r X ' . . . . ' Y
memory cell BIVUBDYNUUDYA input Ty time step t 1401% hidden state 14 time step NOUN U (t-1)
] I 1 I . . I T, 4 v A ' A
Taouseamiu 2 119 Mausaruilan¥u Sigmoid 111 ua input gate tadaT Ul 191NN
9

[l { [l J v . <
doyaluilaasly memory cell tagn1aNaoai U U Hyperbolic Tangent liiiludoya

candidate 71929111 11N 1u memory cell A3auNTH 2.7 Uaz 2.8 AR

it = O'(Wxixt + Whiht—l + bl) 2.7
Tagn
- A v,
lt A9 f1 input gate
() fp Wandu Sigmoid
W,; o weight vosvoya input T time step t
A 9 2 .
Xt A9 UDYA input 11 time step t

Whi Ao weight U84 hidden state 1 time step ABUNIN (t-1)

ht—l 9 hidden state 11 time step ADUNIN (t-1)

bi A9 bias vector VBIANNT input gate
¢; = tanh(W,.x; + Wychi_1 + b,) (2.8)
Taen
6t fi® Y91 candidate

3y
tanh Ao Wana Hyperbolic Tangent

Wk flo weight Y9901 input 1u time step t
A 9 . .
Xt A9 UDYa input 11 time step t
th Ao weight UD4 hidden state U time step AU (t-1)
ht—l 0 hidden state 11 time step AounIN (t-1)

bC ﬁﬂ bias vector UDITY miﬂgfaga candidate
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Ci1 %

(8

S 26!
v

— &
93 )

1 2.13 EUMIMsMNUYeITUADY update memory cell

o 1 H . <] &
HAIIINNIUVUADY forget gate LAY input gate LLE%I’J ﬂﬂzgﬁlwqmumu update
Y

% & { o @ 1 A
memory cell Fuiluduaouiiinisonantdoyalu memory cell Taonmsaudoyaag iy

Wo3alninINNITAIANUDA forget gate A input gate ATNAIAY AIAUNITN 2.9

Ct = ft ; ct_l + it 2 Et (2.9
Taen
Ct Ao memory cell 11 time step t
ft Ao A forget gate
Ct—1 Ao memory cell U time step ABUNIN (t-1)
it Ao A input gate
c t Ao Gﬁ’mg‘a candidate
hL A
Ganb>
Ot 8
- [0 ] h
Ty [

31 2.14 HEAVFUNMIMINNUVDITUADY output gate
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gﬁ I gﬂ { o { 1
uazgane AUADU output gate 1uTUAsUNTIMINARILANMITITOYADONIN
= ds! "o 9 . . . . ' Y
memory cell BIVUBDYNUUDYA input T time step t 1481% hidden state 14 time step NOUH U (t-1)

] d v . . A v A 1 19 A 9 ] J v
AU WIN T U SlngId!,WEI@]ﬂﬂ'ualﬂ'ﬂﬂgﬁﬂﬂl@yjﬁiﬂ‘ﬂu']ﬂ1ﬂ“ll@yjﬁ memory cell IIUWINTU

I v Jd o ! o w
Hyperbolic Tangent poMIUNAaNE AIFUNITN 2.10 LA 2.11 ANAIAY

Ot = O-(onxt + Whoht—l + bO) (2.10)
Tasn
A J
Ot 19 A1 output gate
o Ao W% Sigmoid
VVXO Ao weight "IJEN"ISJIEHSIJQ input 11 time step t
4y . .
Xt A0 UdYa input 11 time step t
Who Ao weight U84 hidden state 11 time step Aounin (t-1)
ht—l 0 hidden state 114 time step AounI (t-1)
bo A0 bias vector VBIFAUNT output gate
h; = o, - tanh(c;) (2.11)
Tasn
ht A9 hidden state 11 time step t
A J
Ot 9 1 output gate

Jd .
tanh Ao Manwu Hyperbolic Tangent
Ct Ao memory cell 11 time step t
Y ] & 9 o q ¥ A Yo w A
A1m3 19 gate 1pAIUANMINTOITOYA 1 LSTM mwnsaiseuddmunain
¥ ' L. i Y g { 0o q ¥ . o 1
o114 Tae 11Ty 1904 vanishing gradient FuiluifayiNvi 1w gradient Tun13oiaasn

'
o v 9 ~

%’ o =] ] ~ [ g‘;
UMDV neural network UAMANIU lansaGeuddoyald luddudoyaneriuiu daiu

U U U

1]
~ v 9

LSTM fotiluTuaa neural network Afidlsz@nFamlumsGoudd umagauuimnauwuﬁqﬂ
Tutlagiin
2.6.3 Bidirectional Long Short-Term Memory (Bi-LSTM)
(Rahman, Yutaka and Nakamura, 2021) Bi-LSTM Hunyusiasslaseielszaim

~ A o A A 1 e a A 1 9 < ~ 1
INYUNAANUININ LSTM IﬂﬂL‘WlJﬂTiL%ﬂN@@ﬂ?ﬂﬂQﬁﬂﬁﬂﬁﬂ’N ﬂavlnvlmﬂummummu
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H Y
sequential LSTM Niimsisouduuuaudiaumadonniiu ua Bi-LSTM §3eunsnizouiain

@

9 ~ (B @ Y o g’z o . = 9 Y=
magawagmuuazwmﬂmuu% ANUU LUV Bi-LSTM mmmiﬂclsmmvlﬂﬂiumi

[

Tanmsnudeyanuudiaunianududou ded1uru n151szuIananIBI5ITNIA (NLP)

<
Wudu

outputs

A
backward
|ayer LSTM <—| LSTM
Jy A

forward L, |STM LSTM

layer

inputs Xt Xt Kt

51 2.15 Insead19msmauves Bi-LSTM

Y [
Bi-LSTM Hua0 U5 1911uMilouny LSTM ununned1e uana1enui Bi-
= A A w = A 9 o o E ) 1
LSTM U131y LSTM 119nduntia lunaniadeunay i lninisdavsya input Hagn1s
I a a g A 9 v :
Y52 U1anav0 9 hidden layer luaeanan1g Aoneluianielid1am1i (forward hidden layer)
v Y
nazdouUNa (backward hidden layer) ¥03a hidden state 1 I 1NN IeoINANIIz g1 1)

o < [ A o w
ﬂ']ujmlﬂu"ﬁ}@y‘a output ANTUNITN 2.12, 2.13 LAT 2.14 ANAIAY

h{ =0 (W{coxt S W{wh{_l % b£) * tanh(c{) (2.12)
Taen
h{ A9 hidden state 11 time step t (forward hidden layer)
o Ao Wana Sigmoid
VVx]; Ao weight mmsﬁ'@ga input 11 time step t (forward hidden layer)
Xt Ao 6IQJ}’mJ“’d input 14 time step t
Wh]; Ao weight U84 hidden state 11 time step ABUNIN (t-1)
h{—l 0 hidden state 11 time step Aoun (t-1) (forward hidden layer)

b(]; A9 bias vector VBIAUNT output gate (forward hidden layer)
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tanh fin Wardu Hyperbolic Tangent
f

Cy Ao memory cell 14 time step (forward hidden layer)
h? = o(Wbx, + W2 hY_, + bb) * tanh(cP) (2.13)
Tasn
htl? 0 hidden state 11 time step t (backward hidden layer)
o Ao Wandu Sigmoid
Vl/xbo Ao weight ﬂlmeﬁ’aya input 11 time step t (backward hidden layer)
Xt flo Yo1ya input T time step t
Wf{)o Ao weight UD4 hidden state U time step ABUNIN (t-1)
h?—l 0 hidden state 11 time step Aoun (t-1) (backward hidden layer)
bg A9 bias vector VBIFANNT output gate (backward hidden layer)

tanh fin Wafdu Hyperbolic Tangent

Ct Ao memory cell 14 time step (backward hidden layer)
—w! nf b pb

Vi = Whyht + Whyhi + b, (2.14)
Taen
Vi flo foyanadns (output)
Wh]; Ao weight Y99 forward hidden state 14 time step t
h{ f® forward hidden state 14 time step t
W}?y Ao weight Y99 backward hidden state 14 time step t
h? 1 backward hidden state 14 time step t

by A9 bias vector VBIFAUNT output
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d v %
27 Wantunszau
d o Y Lo
ﬂaﬂ%uﬂsz@i’u (Activation Function) foalansun1e 1y neural network ﬁiu%’@gamﬂnﬂ
. Y 11 Y 2 a A
mput LAITINIDDNUT Glumﬂmmuu 2 ‘]_Iizm‘ﬂﬂ’é]
2.7.1 Sigmoid Function

< Jd o % A J ] °
Wutaddugdned arn ldtiarsening o e 1 Taumsduimude (2.15)

1
1+eX

o(x) = (2.15)

Taon
o A 4
o(x) Ao Wdusnuosa
A ' a KR a
e A9 A1ADNITNUFITHIA
X Ao doiya Input

-10 Ts o 5 10

51 2.16 0919 Fnweaa Wandu

2.7.2 Hyperbolic Tangent Activation Function (Tanh Function)
< Jo o @ 1 = v A 4 VoA A 1 1 =<
WUNINFUaNHULANE IFUIAINUFNNOIA LAAINDDNNT HAITEHIN -1 D9 1

IS [ A
UAUNTAUIUAD (2.16)

(e*-e™)

tanh(x) = m

(2.16)
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Taen

tanh(x) fe WarHu Tanh

e A0 AAONSTNUBITUIA

o Yo3ya Input

)3

X

31 2.17 0519 Tanh Function

2.8 Mdszdiuanumiudveuudians
msvienesn lUmalsua Wudavae regression Aolusiuavasuilusiuiudeiiio

=2 9y A A o ~ ) ° i A Ay
ANUU fﬂ\WI@Qﬂlﬂﬁ'ﬂﬂNﬂ?ﬂﬂWﬂTiqtylﬁﬂﬂ'J"mLHJUEHGluﬂ']ﬁVI”IHRIfJ (loss function) Iﬂﬂﬂﬂﬂﬂ1u68

' 4
mhla MymungsalaNuEi UMY

2.8.1 TINVYBIMAMAINIOUNSITDUNAY (Root mean square error: RMSE)
I 1 o w 1 A 1 A VA Y A
Fumsman lagmseniadaodvodanasyInInaIamnaoy AN lasziian
AA Y '

g 1 o’cg = v 12 dyd Y A =
aqaguiry lUdseriua uaisiil lomaldsaaiawmaougs lunsaindeyaliningz Iaa

(outlier)

n —_v )2
RMSE = |2=10¢7%0" o1

n

Taen

A ' a A
yt A9 A1 U IATN t

'
' A o

A v A
yt o ﬂ”ITI‘VI”ILl”IEJllﬂ UM t

WIUTOYANGUAIDE1

S
o)
Do

3]
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3 d' v J
2.8.2 ﬂ'uaﬁﬂﬁum%’aﬂazmmﬂmﬂmaauauyim (Mean absolute percentage error:

MAPE)
9

[~ "9 1 d‘ 1Y 1 [ 1 d‘ 1 1 a = =
WUNITHIN To8aZU0IAURAIVOITATIUTZHIIAINAIAAADUADAIDIL YDA

A o Y = 9 A 1Ny A A q9Y Y] A Aa
o imimmyjanﬂgﬂuummnway‘aﬂmmﬂiﬂﬂqq R EIRINGL] ﬂ@al‘b'\‘i']l‘lﬂ‘]_l“ll@y.afﬂﬁ\iﬂﬂﬂ']

vadugudlild

yt_yt
Yt

100% <

t=1 (2.18)

MAPE =

A ' a2 A

yt 19 A1933 WU 1IN t

A A o Y =
yt 1 ﬂ'WWI'IH'IEIUl@ U AN t

9 1 v

THIUTBYINQN 19814

S
)}
o

3]

Q
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a d' d' A
2.9  UIIVYNUNYIVOY
d o < | =
2.9.1 uuuwennsalumsiinganeday Iagl¥lassviedssanniannuy LSTMs
I o 5 Y S ¥ 2
dumsadaudasanernssianuaului suunnnsgnavesitaunnnga
9 1 = di’ A o
Taole1ns991e1 52 @ 1mMNeNIVY Long short-term memory (LSTM) Tuiuf Hangzhou a1515459

[}
A

o < a . v ¥ .
Uszayuiu Tanrirdoyaniumuu1ninan1fignning) Canggian 18011311 Qiantang 11

1]
A o

a ¢ < H A Ay 9 3 < v o A
’JLﬂSW%WﬂfJﬁlmﬂNm@Qu”lluwum G u”lll”lsl“]f l,‘lJwu’e]gljﬂﬂ’ﬂiltﬂilgfﬂfjﬂﬁll@%&@lﬂ&M INDNIUNY

U

Ay lutusaly

- =

0 40km

snancHal @ \

o

(o) THE EAST CHINA SEA

-

3 : @
FUCHUN RIVER i O
QIANTANG RIVER
ONGLU
%%

FUCHUN RIVER HYDROPOWER STATION

N

31 2.18 unuNnaaIR WHHIvR ULl WAz IR

9 A o Y I 1 < ] A a o i 2 &g 9 (% [l
51]’8]3;1,61‘1/]1«!111”!1511 WUMANUAN HUIeNaanIuAoans Gﬁﬂlﬂﬂﬂlﬂgﬁ@?@ﬂﬁ UI11NNII

v I H T A 2 v A o o L] I A
IAUNVAIATUN 1 UATIAY 2549 DITUN 31 FUNAY 2554 591 2,191 11U Tasutiuilui]ugame
¥ Y
goutaznaaenlinuuuydiass lusasidaiu 9:1 auaay e limsuusiaeeiiiminlu
nsauladeyaminy 39151903au11n52UIUNIT lincar transformation equation 1o U5 V161
9 Y 1 T 9 ~ 9
U030 1M NNINTINNTNAIVOYANADINT
Tumsadraunsiaes 14750050 MATLAB §u 9.5.0.94444 naanini Iail5usn
9 3 Yy X E o [ .. Y I
JoyavesgaToUIaz Ao UVeUUT a0 1) TaasamuuTIans Taelsuaa optimizer 1HElu
[ ) Y I \ [ 1 a . .
adam 1Jsmmmmﬂumsﬁauqqqmﬂu 250 epochs ietleaiu liliiRaniy gradient exploding
A 1 o 1T A Y ] ~ F dal’ 9y 1Ay o
MIaNIzAMIIIEHUN Y UUA, 1H52yAINTTeuIIleIAY 0gNT0sas 0.005 HAZAABATINIG
=} F [ A Y o o k) 1 @ Aa A
Foud vasnniaouliuds 125 epochs Tagnisiinuaaigaalen 0.2 Janalsz@nsainms
MU18A8 RMSE
o Y VoA 1A = K
1NMINUIed1dUNUIN IA1 RMSE 0g#i 303.2409 mg/L 3931 1871 LSTM enansn

v 9
aﬂﬂsmmqmmmma‘lﬁ’ “TNLﬂﬂﬁ]”lﬂﬂﬁﬁﬂaWﬂ@]’JLLﬂiluﬂﬁﬁ?i!”lfliﬂi%ﬂ%ﬁﬂ!tﬂ%ﬂ”n [SMERENY
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9
g Y

J o o d @ (] o o 2 o @
uATymAanduWUT (correlation) Yoed s Tugranarszezom ldduiusuintunula aaiu
1 o <} [l
LSTM 39112 a0 M3 uInnuanedawn

1 < Y a A o yaa a o A = 9 Y
@ﬂ1\115ﬂ§””1] ﬂlﬂyjaﬂ1ﬁq1/lﬂ31/lﬂiﬂu1uﬂ% N@‘I/I‘ﬁwa’w]mﬁ%ﬂfJ’f)uiﬂLﬂfJTU’eNﬂ’Jﬂ

A 1 ° [ v A 1 I @ o 1 <
uamwuamnmmauﬂﬂ% YU ﬂ']‘Uﬂ'lﬁ'J@l“VlﬁlWﬂUl W52 UN5IAAT18IU AIANANNINN
1A 12w I a o 9 Aaa g ' . . .
Lmmmfmmumuﬂsﬂum’imm‘mnammma ‘Vl"lﬁlﬁﬂklﬂiilnﬁ']ilﬂﬁéllﬂl‘ljﬁslﬁﬂlu (high dimension
A o VA g 9 a [ [
data) ﬂﬂﬁ]'\l!')ﬂllﬁﬁ\?ﬂlﬂﬂﬂﬂﬂlﬂullﬂ Llﬁaﬁellﬂﬁal.allﬂﬁQWﬂwaﬁlﬂ

[ A (=) o 3’, A 9 A A
Uszmsnoune "lmmiizummuiwummwumm Neural Network “I/IGlG]NTL! UINWYI

) 7w £ A o ' 2 . . . L o
’iz‘1Jﬂ”|ﬁGl‘;]ﬁ/\hﬂslmﬂﬁwluﬁlusﬁlﬂu%ﬂ1u18Jﬂ1f)f)ﬂ3J1L1f11uu A® rectified linear unit (ReLU) %3N

q

'
A o

Y A v o [ Y I Y A | d 1 1 o (=} ~ 1 1
winidsauaninelaiduaulddewdugud daumgudnuuan luinmsuasunlasaiua

'
(% I

L] t:; o A Yo o a A =) v A A [ 9 1
ad19la uazndngynga Ao learialssaninimiesdifer Ao RMSE Tunisdananisldninni
Y
7 19U MAPE
2.9.2 aamilsisrudaniunveamsdszanamnudusazms lvave sl unzaanurivay
wedunglan Uszmanss
Ao I 2 A Y & = ~ A =
IeaNunNvei luusnanzamuiaunedutslan Uszmanis o dny1ns
~ o ] ?,’ A o ?,’ < ) y Y 3 9 = dy A Y g‘; [
ganagunuszrIeIanuu A mmayjaiwamva ' ldanaaiitidaluiun YI9VDYAAILA
v A =1 = =\ 9 =\ = = [ 9 ~ YA
JUN 11 UIAY 2559 DY 11 PUIAY 2560 YBYAUANND 5 UIN ﬂiuﬂﬁmaua‘wmﬂﬂﬂEflﬁm‘ﬁmi

U

linear interpolation

Precipitation and Salinity, Gialova Lagoon

T T 40

100 T

"M
Lo\ k 21 [ Precipitation
Si Salinity

D
o
T

Precipitation [mm]
S
o

WL Tl b

’ N
0 50 100 150 200 250 300 350
Days 16-03-11 to 17-03-11
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