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Loss Functions

1o,
ReLU =max (x,0) Lossnss = 7 3,0 =9)

;
[~ ] ER B ) —| error evaluation

output = maz(\ x+ 5,0)

T3
Ty a 8
input weight | bias
vector matrix vector
. ALoss(A,B)
B—=—2
#Loss(A8)
A= —
Hidden Layer weights and bias update Output Layer
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1 2 2 2 1
Aj =max (a1,1 Tyt ajyc Ty tayycxz + B1,0)

A =max (A{,0) A} =max (A},0)

Input Layer Hidden Layers Output Layer
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A watershed, or a drainage or catchment area, refers to the geographic location of land
that collects and drains water, including rainfall, snowmelt, and runoff, into a common
outlet such as a river, stream, lake, wetland, or estuary. It is defined by the land's
topography, with high points (such as hills or mountains) forming the boundaries that
separate one watershal from another.

The watershed concept underscores the intricate connection between the natural
landscape and the hydrological system. When precipitation occurs, such as rain or snow,
the water that descends onto the land within a watershed follows diverse pathways.
Some infiltrate the soil, some evaporate, and some flow over the surface. Eventually, this
water converges to a river or stream, serving as the outlet for the entire drainage area.
Consequently, the quality of water in the stream is influ enced by various biological,

chemical, and physical components; thus, water qualitycan be defined as the physical,
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The inclusion of these specific physical parameters in this research was influenced by the

following: Their substantial presence of data values within the dataset their derivation

through calculations involving certain major ions and the hydrological characteristics

they share with some of the exogenous parameters included in the research, such as
precipitation , rather than being solely determined by the probability of correlating with

any of the water quality parameters.

For example, the presence of ALKT in water bodies is primarily attributed to the

dissolution of minerals from the surrounding rocks and land w hen precipitation occurs.

During runoff events, it gathers chemicals like Calcium Carbonate (CaCO3) and
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Therefore, the goal is to answer the following research questions:
T RQ 1: Which data-driven model provides reliable and efficient predictions of
major ions in natural resources?
T RQ 2: How do imputed values impact the data -driven water quality prediction

framewo rk?



1 RQ 3: How do exogenous parameters impact the datadriven water quality

prediction framework?
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https://pytorch.org/docs/stable/generated/torch.nn.ReLU.html
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https://pytorch.org/docs/stable/generated/torch.nn.ELU.html
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GELU(approximate="'none')

output
o

T T T T T T T
-6 —4 -2 4] 2 4 6
Input

%DT WBEWUUPEOwS U U ALAEERX E Uwas 6P 0 w
PT 1 @GP UwUT 1 WEUOUOEUDPYI WEDUUUPEUUDPOOWI UBEUDPOOBU

37T 1T w3EOT wi UOEUPOOwWPUWET r O1 EwEUG

woy Q Q $ B0 E
0 WLWw : :
Q Q
Tanh()

output
°
H

%Dl RNilhwl UEOOPEW3IEODT 1 OUwi UOGEUDOC
During the model's training, 25% of the train set was held out for validation. Again, the

data needed to be shuffled to preserve the time-sequence order in the data.
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https://pytorch.org/docs/stable/generated/torch.nn.GELU.html
https://pytorch.org/docs/stable/generated/torch.nn.Tanh.html

The loss functions used were the Mean Squared Error (MSE); this is great for ensuring
that our trained model can detect outliers or extreme values since the MSE puts a larger
weight on these errors due to the squaring part of the function, and the Mean Absolute
Error (MAE); this takes the absolute value which weig hts all the errors on the same linear
scale. Unlike the MSE, this loss function does not weigh too much on outliers or extreme

values and provides a generic and even measure of how well our model performs.

After training, the model is re -trained on the ful | training set (train and validation set put
together) before being evaluated on the test set. Predictions are made on the test set as

well to finally see how well the model will generalize on other similar datasets.
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https://arcg.is/01yDCP

Exploratory Analysis of the Don Watershed Water Quality
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Monthly Concerntrations of Potassium - Upper West Don

. |
g f
g ||
< ¢
= ﬂ 4B
s I r
o4 -k w
b I e S e
g A “’\‘/‘W«/ S FT R s
: : 3 ‘
=2 v

2015 2017 2018 2019 2020 2021 2022
date

%DT BPMIOWEUUDUOWEOOETI OUUEUD
UUEPEUOI UUT T E

Monthly Concerntrations of Sodium - Upper West Don
2,000
0
< 1,500
E)
g
=1
1,000
E
2
k=l
5
w 586
2016 2017 2018 2019 2020 2021 2022
date

UUEPEUI UUTIT E



Monthly Concerntrat of Sulphate Upper West Don Monthly Concerntrations of Total Dissolved Solids - Upper West Don
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Monthly Concernirations of TDS - Lower West Don
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Monthly Concerntrations of chloride - German Mills Creek Monthly Concerntrations of Potassium - German Mills Creek
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Monthly Concerntrations of Magnesium - German Mills Creek Monthly Concerntrations of Sodium - German Mills Creek
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Annual Recorded Frequencies - Taylor-Massey Creek Subwatershed
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Monthly Concerntrations of Chloride - Taylor Massey Creek
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Monthly Concerntrations of Sulphate - Taylor Massey Creek
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Monthly Concerntrations of Calcium - Taylor Massey Creek
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Annual Recorded Frequencies - Lower Don Subwatershed
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Monthly Concerntrations of Potassium - Lower Don
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Manthly Concerntrations of Chloride - Lower Don R F
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Imputation techniques with 50% of missing water quality data
Comparison of Mean Squared Errors (MSE*) with target as TDS

End Tail Imputation

Iterative Imputation

Std
KNN Imputation

IIO.100
0.095
Median Imputation 0.090
0.085
0.080
Mean Imputation 0.075
0.070

Zero imputation

Full data

0.00 ©0.01 0.02 ©0.03 0.04 0.05 0.06 0.07 0.08 0.09
MSE

*evaluated with a timeseries cross-validation split
Master Thesis @ Alfred Ofosu, 08/2023
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Imputated Missing Values of Ca2+ in the Lower Don Subwatershed - Overlayed Comparison
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Time Series Split

-Training set
-Va\idation set

Cross Validation Iteration
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Row Index
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Different scaling and transformation algorithms were assessed, including the Standard
Scaler,Min -Max Scaler, Robust Scaler, Power Transformer, and Quantile Transformer.
Among these options, the Standard Scalewas chosen not to suppress outliers as it was of
interest to create a model that could also predict extreme values. Outliers are data points
that significantly deviate from the main distribution, potentially affecting the overall
shape of the distribution.

In instances where outlier investigation is crucial and extreme concentrations of water
guality parameters need to be identified, it becomes necessary to scale the data while
retaining its inherent characteristics. The Standard Scaler strikes a balance between
scaling the data and preserving its original attributes, making it a suitable choice for this

specific scenaria
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Suitable Model Result for Ca - (SLNN/mae) Actual vs. Predicted Vvalues of Ca - (sSLNN/mae)
train loss:0.4570, val loss:0.2244, test 10ss:0.2701 Predicited Water Quality over the last 24 months
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red dash line: Optimal epoch black line: Actual Values, red dash line: Predicted Values
Master Thesis @ Alfred Ofosu, 088/2023 Master Thesis @ Alfred Ofosu, 08/2023
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for C1 - (SLNN/mae)
.3128, test loss:0.3201

Suitable Model Result
train loss:0.6325, val_loss

Actual vs. Predicted values of Cl - (SLNN/mae)
Predicited Water Quality over the last 24 months
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red dash line: Optimal epoch black line: Actual Values, red dash line: Predicted Values
Master Thesis @ Alfred ofosu, 08/2023 Master Thesis @ Alfred ofosu, 08/2023

(sLNN/mae)
test loss:0.1258

Suitable Model Result for K -
train loss:0.4838, val_loss:0.1229
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ash line: Optimal epoch
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Actual vs. Predicted Values of K - (sSLNN/mae)
Predicited Water Quality over the last 24 months
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Suitable Model Result for Mg - (sLWN/mae)

train loss:0.5120, val loss:0.2966,

test loss:0.3887
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red dash line: Optimal epoch
Master Thesis @ Alfred Ofosu, 08/2023

Actual vs. Predicted Values of Mg - (SLNN/mae)
Predicited Water Quality over the last 24 months

Mg in [%]
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black line: Actual Values, red dash line:
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Suitable Model Result for Na - (SLNN/mae)
train loss:0.4717, val_loss:0.1795, test 10ss:0.2429

red dash line: Optinal epoch
Master TMSSJS @ Alfred Ofosu, 08/2023

Actual vs. Predicted values of Na - (SLNN/mae)
Predicited Water Quality over the last 24 months
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Suitable Model Result for S042 -
train loss:0.4823, val_loss:8.2382,

(SLNN/mae)
test loss:0.2753

Epach
red dash_ line:
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Actual vs. Predicted Values of S042 - (SLNN/mae)
Predicited Water Quality over the last 24 months
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black line: Actual values red dash line: Predicted Values

Master Thesis @ Alfred ofosu, 08/2023

%D 1

wUIweouUuow?2

U%bl UMIVUWEDEUI

EWEOOE! MFUEUD

Error [%]

Suitable Model Result for TDS - (sLNN/mae)
train 1oss:0.6837, val_loss:0.3270, test loss:0.4307
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red dash line: Optina
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Actual vs. Predicted values of TDS - (SLNN/mae)

Predicited Water Quality over the last 24 months
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Suitable Model Result for Ca -
train loss:0.3473, val_loss:0.149@
1.0
0.6
£ o
H
c
i 0.25
6.16

(DNN/mae )

test loss:0.1646

red dash line:

Master Thesis @ Alfred Ofosu,

— loss
— val_loss

optimal epoch

08/2023

Ca in [%]

Actual vs. Predicted values of Ca - (DNN/mae)
Predicited Water Quality over the last 24 months
160
140
120
100
80
60
Feb 2020 MHay 2020 Aug 2020 Nov 2020 Feb 2021 May 2021 Aug 2021 Nov 2021 Feb 2d
black line: Actual Valuss, red dash line: Predicted Values
ster Thesis @ Alfred 0fosu, 08/2023

%DT UNIOET 00D OT wU-UOUUOoOwW"

E %

DT WYUWEDEUI EWEOOE

118

UUE

Suitable Model Result for Cl -

0.6

train loss:9.3884, val loss:0.1493

(DNN/mae)
test loss:9.1855

— loss
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d dash line: Optimal epoch
Master THP\\\ @ Alfred Ofosu, 08/2023
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Actual vs. Predicted values of Cl - (DNN/mae)
Predicited Water Quality over the last 24 months
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Suitable Model Result for K -

train loss:0.4895,

Error [%]

(DNN/mae)
val_loss:0.1034,

test loss:0.2115

— loss
— val_loss

K in (%]

Actual vs. Predicted Vvalues of K - (DNN/mae)
Predicited Water Quality over the last 24 months
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Suitable Model Result for Mg -
train loss:0.3628,

val_loss:0.2139,

(DNN/mae)
test loss:0.2138
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Suitable Model Result for Na - (DNN/mae)
train loss:0.4308, val l0ss:0.2264, test 10ss:0.3102
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red optimal epoch
Master Thesis @ Alfred
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Actual vs. Predicted values of Na - (DNN/mae)
Predicited Water Quality over the last 24 months
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Suitable Model Result for S042 - (DNN/mae)
train loss:0.3554, val_loss:0.1235, test loss:0.1404
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red dash line: optinal epoct
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Actual vs. Predicted Values of S042 - (DNN/mae)
Predicited Water Quality over the last 24 months

5042 in [%]

Feb 2020 May 2020 Aug 2020 Nov 2020 Feb 2021 May 2021 Aug 2021 Nov 2021 Feb 29

black line: Actual Values, red dash Line: Eredicted valuss
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Suitable Model Result for TDS - (DNN/mae)
train 10ss:0.4428, val_loss:0.1637, test loss:0.2717
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Actual vs. Predicted values of TDS - (DNN/mae)
Predicited Water Quality over the last 24 months
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Suitable Model Result for Ca - (
train loss:9.3026, val_loss:9.4330

CNN/mae)
test loss:0.4748
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Actual vs. Predicted values of Ca - (CNN/mae)
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Suitable Model Result
train loss:0.5683,

for C1 -

val_loss:

Error (%]

.3904,

(CNN/mae)
test loss:0.5343
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Suitable Model Result for K -
train 1oss:0.4502, val_loss:0.5785,

Error [%]

(CNN/mae )

test loss:8.6223
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Suitable Model Result for Mg -
train loss:0.4789, val loss:0.5292

(CNN/mae)
test loss:09.5018
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Actual vs. Predicted Values of Mg - (CNN/mae)
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Suitable Model Result for Na - (CNN/mae) Actual vs. Predicted values of Na - (CNN/mae)
train loss:0.3810, val_loss:0.3837, test loss:0.5135 Predicited Water Quality over the last 24 months
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Suitable Model Result for S042 - (CNN/mae) Actual vs. Predicted Values of S042 - (CNN/mae)
train loss:0.4056, val loss:0.6111, test loss:0.6975 Predicited Water Quality over the last 24 menths
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Suitable Model Result for TDS - (CNN/mae) Actual vs. Predicted values of TDS - (CNN/mae)
train 10ss:0.6098, val loss:0.4444, test loss:0.6549 Predicited Water Quality over the last 24 months
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Suitable Model Result for Ca -
train 1oss:0.2612, val_loss:0.3380,

(RNN/mae)
test loss:0.3889
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Actual vs. Predicted values of Ca - (RNN/mae)
Predicited Water Quality over the last 24 months
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Suitable Model Result for CL -
train loss:8.2455, val_loss:0.2148,

(RNN/mae)
test loss:8.2043
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Actual vs. Predicted values of Cl - (RNN/mae)
Predicited Water Quality over the last 24 months
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Suitable Model Result
train 10ss:0.1967,

for K - (RNN/mae)
val_10ss:0.2126, test loss:0.3255

Actual vs. Predicted Vvalues of K - (RNN/mae)
Predicited Water Quality over the last 24 months
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Suitable Model Result for Mg - (RNN/mae)
train loss:0.1803, val loss:0.1921, test loss:0.2082
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Suitable Model Result for Na - (RNN/mae) Actual vs. Predicted values of Na - (RNN/mae)
train loss:0.2201, val_loss:0.2264, test loss:0.3146 Predicited Water Quality over the last 24 months
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Suitable Model Result for 5042 - (RNN/mae)
train loss:0.1821, val_loss:0.1910, test loss:0.3052
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