! Co-funded by the
‘ Erasmus+ Programme
of the European Union

Y

ENVIRONMENTAL MODELLING

Lecturer:
Dr. Huynh Vuong Thu Minh

*The European Commission's support for the production of this publlcatlon does not constitute an endorsement of
the contents, which reflect the views only of the authors, and the Commission cannot be held responsible for any use
which may be made of the information contained therein




Co-funded by the
Erasmus+ Programme
of the European Union

N

1. Model definition

2. The necessity of model

3. Purpose of environmental modelling

4. Scale of model

5. Model classification

6. Environmental modelling




Co-funded by the
Erasmus+ Programme
of the European Union

INTRODUCTION

L

Model definition

v~ Models might be specific objects (mathematics or
equations), systems, or concepts (thoughts) that replace
the original (Claude Shannon, 1948).
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v~ Models are substitutes for natural systems for natural
systems (but only essential processes);
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Model definition

A model is a tool for testing hypotheses and doing
quantitative research for decision-making;

it is also a critical legal tool for managing, protecting,
and resolving consequences.

Background Load
* Naturally occurring from
wetlands, forests

Load Allocation

Waste Load Allocation
* Runoff from the landscape

* Municipal Wastewater
* Industrial Wastewater
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Principles of
Modelling

»The best models are connected to reality;
»Every model may be expressed at different levels
of precision;

» Always requires simplification;
» No single model is sufficient;

> [
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Mathematical models are used in quantitative analysis to make

decisions
1. Understanding 2)) 2. Establishing
task model
PP
® Read the text precisely and imagine the ® Look for the data you need. If
situation clearly necessary: make assumptions
® Make a sketch ® Look for mathematical relations

3. Using
mathematics

4. Explaining
result

® Round off and link the result to the

*vU iat d
task. If necessary, go back to 1 5¢ APPTOPTIALE Proceures

® Write down your mathematical result

® Write down vour final answer
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2. The necessity of model
o o better understand the system we are developing
o To visualize a system;

o Provide a “framework” for data aggregation;

o Better understanding of complex interactions (what
happened?);

o Forecast scenarios (optimal choice - what's best?);
o Communicate information/visualize.
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3. Purpose of environmental modelling

- To identify processes dominating water quality issues and
magnitude of problems;

- To develop and evaluate management strategies; and

- To monitor compliance with water quality objectives.
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. Scale of model

Space-scale area: large or small
Time-scale: short or long;

Validity of the model: The model has been pre-set with
the scale of space and time.

Do not apply outside of the above setting.
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5.2. Mathematical modelling
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Mathematical modelling
Uses mathematical equations to describe a system

@._-_

From: The little Pri

Models allow us to find
structure in complex systems
and to investigate how different
factors interact

From: The little Prince

Numerical modelling

Often the traits that we
can measure are not the
most informative traits
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The output of the Conceptual model is a flowchart or diagram

How the Drainage Basin
works as a System

Evaporation

Surface runoff
or overland

Percolation ,

Groundwater il bl iR G'°Uf’|‘:::'atef

Key EJINPUT -STORAGE @ FLOW -OUTPUT
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The output of the Conceptual model is a flowchart or diagram

Evapotranspiration Precipitation
- Interception Creerland flow

Infiliration

- U fmalu_mlud —D-| Interflow
sonl moisiure

Ground water
recharge

v

- Salurated " Rase Mow

ground water

'

Channel network
of streams

N

Schematic diagram of the Hydrologic Cyele (after Domenico & Schwartz. 1990)




Co-funded by the
Erasmus+ Programme
of the European Union

5.2.2. Numerical modelling

Numerical modelling is composed of variables and a mathematical
representation of the relationship between them.

Mass Balance: Input -~ Output = Change in Storage

Input (precipitation )

' Output

Storage (evapotranspiration

(soil, streamflow, ’
Surface waters groundwater outflow)

Groundwater)

» Water balance equation in its most fundamental form is given by
P-Q-E-AS=0

» Where, P=precipitation, E =evaporation, Q = runoff and AS =
change in storage
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5.2.2. Numerical modelling
0.408A(R, — G) +y 777tz (e, -

ET, =
0 A +y(1+0.34u,)

Trong do
- ETo: bée hot chuin (mmy ‘ngay);
- R-n birc xa mat troi trén bé mat la ciy trong

(MJ/m*/ngay);

- G: mit do hap thu nhiét tmng dat (MJ/ m*/ngiy);

- T: nhiét dé binh quin ngay tai chiéu cao 2m tir mit dat
("C);
- ua: toe do 210 tai chiéu cao 2m tir mat dit (m/'s);

- €5 ap suit hoi nude bao hoa (kPa);

- €a ap sudt hoi nude thue té (kPa);

- A: d6 dbc cna ap suat hoi nudc trén dudng cong quan
hé nhiét dé (kPa/ "C);

-y hiing s6 am (kPa/ °C).

CWR = Ete = ETo x ke (mm/thot doan)

ETO Ia kha &

Trong do: |
- ETo: la lugng boc hoi chuan va phu thuéc hoan toan vao

cac yéu to khi tm:mg
- ke: 12 he s0 sinh ly cua cay trong tai thoi doan tinh

toan. Hé s6 nay phu thudc vao dic trung cdy trong
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5.2.2. Numerical modelling

Forces us to formulate concrete ideas and assumptions in an
unambiguous way

Mathematics is a concise language

One equation says more than 1000 words

Mathematics is a universal language

Same mathematical techniques can be applied over a range of
scales

Mathematics is an old but still trendy language

The rich toolbox created by mathematicians over centuries is
available at our disposal

Mathematics is the language that computers understand best
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Mathematical Model
Area = length x width
A=Ixw

5km
<  J
- — Tién trinh Thone 1
Thong tin vao xit I théng tin 10ng tin ra
s: distance
t=slv t="7

V. speed
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5.2.2. Numerical modelling
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Empirical >< Mechanistic
Deterministic >< Stochastic
Systems >< Molecular model
Static >< Dynamic

Linear >< Non-linear

Classifying them into broad categories can tell you much
about their purpose & scope and often require different
mathematical techniques
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Advection
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Water quality modelling

L
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6. Environmental modelling

Water quality modelling
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modelling

Water quality modelling

Dispersion
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6. Environmental modelling Oxygen

depletion
Copyright @ The McGraw-Hill Companies, Inc. Fermission required for reproduction or dispiay. in streams

(Jean Zone Decompesition Zome Septic Tane Recovery Zone Clean Zone

Troat. perch, bass; Carp: blackfly and Fesh absent; shudze Cape Hactfly sad Trout, perch. bass;
manvily, siomefly, and mudge larae worms; mdge ad nidx lavae may v, stonelly, and
caddidly larvae mosguino larva: coddedly larvae

oxyzen demend |

p; ---------
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Water quality modelling

Factors Affecting Amount of DO Available in Rivers

Oxygen demanding wastes affect available DO

Tributaries bring their own oxygen supply

Photosynthesis adds DO during the day but the same plants remove
oxygen at night

Respiration of organisms living in water as well as in sediments
remove oxygen

In the summer rising temperatures reduce solubility of oxygen

In the winter oxygen solubility increases, but ice may form blocking
access to new atmospheric oxygen
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Water quality modelling

Modeling DO in a River
e To model all the effects and their interaction is a difficult task
e The simplest model focuses on two processes:
» The removal of oxygen by microorganisms during biodegradation
(de-oxygenation)
» The replenishment of oxygen at the interface between the river
and the atmosphere (re-aeration)
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Steps in Developing the
e DOSagCurve ___@

e

Determine the initial conditions

Determine the de-oxygenation rate from BOD test and stream
geometry

Determine the re-aeration rate from stream geometry

Calculate the DO deficit as a function of time

Calculate the time and deficit at the critical point (worst conditions
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1. Determine Initial Conditions

Mass Balance for Initial Mixing

Q,, = waste flow (m3/s) DO,,= DO in
waste (mg/L) L, =BOD in waste (mg/L)

Q,,ix = combined flow (m3/s) DO = mixed DO (mg/L)
L, = mixed BOD (mg/L)

Q, = river flow (m3/s) DO,= DO in
river (mg/L) L,=BOD in river
(mg/L)

A 4

»
»
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1. Determine Initial Conditions

Initial dissolved oxygen concentration:
b0 DA, +QDQ
Qu+Q,

Initial DO deficit:
D,=DO, - DO

where:
D_=initial DO deficit (mg/L)

DO =saturation DO conc.(mg/L)
\
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1. Determine Initial Conditions

Therefore, the initial deficit after mixing is

D = DO - QWDOW +QrDOr
: S Qmix

where D, is the initial deficit (mg/L)
Note: DO, is a function of temperature, atmospheric
pressure, and salinity. Values of DO, are found in tables.

B -
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1. Determine Initial Conditions

Solubility of Oxygen in Water (pos =DO saturation)

DO, is a function of temperature, atmospheric pressure and salinity

o S [

Chloride concentration in water (mg/L)

Temperature ( °C) 0 5000 10,000 15,000
0 14.62 13.73 12.89 12.10

5 12.77 12.02 11.32 10.66

10 11.29 10.66 10.06 9.49

15 10.08 9.54 9.03 8.54

20 9.09 8.62 8.17 7.75

25 8.26 7.85 7.46 7.08

30 7.56 7.19 6.85 6.51

Source: Thomann and Mueller (1987).
\ /
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1. Determine Initial Conditions

Initial ultimate BOD concentration: If, the BOD data for the
waste or river are in terms of BOD;, calculate L for each

. _ BOD,
1_ e—kt

Therefore, initial ultimate BOD concentration

L — QWLW+QFLI’
T QutQ

- —
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2. Determine de-

genation rate

\_

rate of de-oxygenation = k4L,

where: k; = de-oxygenation rate coefficient (day-!)
L, = ultimate BOD remaining at time (of
travel down-stream) t

If k4 (stream) = k (BOD test) and E’_kdt = L
0

rate of de - oxygentation =k L g ™ /
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3. Determine Re-
aeration Rate

rate of re-aeration =k, D

K, = re-aeration constant (time -1)

D = dissolved oxygen deficit (DO.,-DO)
DO, = saturated value of oxygen

DO = actual dissolved oxygen at a given

K location downstream /
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3. Determine Re-
aeration Rate

1/2
/ BELT

h3/ 2

where k. = re-aeration coefficient @ 20°C (day-1)
u = average stream velocity (m/s)

h = average stream depth (m)

Correct rate coefficient for stream temperature

kr — kr’20®T—20

\ where ® = 1.024 /
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4. DO deficit as a

tion of time /

DO as function of time (Streeter-Phelps equation or oxygen\

sag curve)
Rate of increase of DO deficit = rate of deoxygenation — rate of
reaeration
D
%?=QQ—KD
Solution is:

\ b - Kb et e D, ) /

t kr _kd
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Critical Point = point where steam conditions are at their worst

t = : In —”(l—Dﬂ X, kd]
kr_kd kdk deﬂ )_

D, = k|r<d_ lea (e—kdtc _ ki )-I- D e

D = dissolved oxygen deficit
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THU THAP VA PHAN TiCH i
B SO LIEU |
DATA COLLECTION & PROCESSING i
I ______ ‘—_ _______ i- _____________________________ I
|| XAY DUNGPHANMEM | ! | MO HINH GIAI TICH/TOAN | MO HINH KHAI NIEM :
Fig) MODEL DEVELOPMENT <:1‘.'.'.'.'.'.)§'.‘.‘.‘: ANALYTICAL / NUMERICAL [« CONCEPTUAL MODEL I
: : MODEL I
I_ B e B S G W HEgA: J:. _____________________________ o4
| [ HIEUCHINHMO HINR | +~-| PHANTICH BO NHAYIRO KHONG CHAC CHAN
CALIBRATION

UNCERTAINTY ANALYSIS

KIEM BINH MO HINH
VERIFICATION

| buBAO/TOIUUHOA
PREDICTION / OPTIMISATION

UNG DUNG

APPLICATION N
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| STEPS FOR MODEL DEVELOPMENT

L -

. 4

2.1. data collection)

>3

— Input moael

6 Types of data (Water level, discharge, parameters,...)

o Determine the time step (daily, hourly,...)

o Determine the period of the data series simulate
(hours/day/month/year or tens of years,...)

o Determine time to collect/measure data

o Assess the level of reliability, assess the possibility of frequently
\ of the collected data. /

.??

< Remember:mlitym output data is no better

than the quality of Input data
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2.1. aata collection) —

Data collection for: nputmoael
(i) Biéu kién ban dau (initial data);
(ii) D@ liéu cho diéu kién bién (boundaries data);

(iii) Hiéu chinh mé hinh (calibration);

(iv) Kiém dinh mo hinh (verification).

The input data requirements
vary according on the type of
model

\
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1

1| XAY DUNG PHAN MEM | MO HINH GIAI TICH / TOAN | MO HINH KHAINIEM ||

'| MODEL DEVELOPMENT |- ANALYTICAL / NUMERICAL |7 CONCEPTUAL MODEL |,
MODEL |

1

Conceptual modelling

[COHEWMOM I mental mental
user's model '/ model model
|

Dasign

/| O Y - <O
B ]

o Model Model -\_‘ 0
decumaniation s, O

$ %
System| ’ o ;

L—J

User
System <—D
image

Q
9

commznis

self-decumenting

AN
N A c
L/ T S)
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2.2. Model

velopment

L. Twong tac giita
‘ Li i by Cloud formation & cay Ti'éiﬂg va
/ Frecipitati ¥
\\ ,' ?m/p',aa} 20 g s1¥ ha thap nure
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\ \ 5 ” Chay tran mat
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T T T . - trong dat [
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Numerical modelling is composed of
variables and a mathematical
representation of the relationship
between them
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Mathematical modelling involves teamwork

Computer
Science

Mathematics

Computation

Science
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2.4. Mathematical
modelling

Real World Working

Problem Model

Interpret Represent

Results/ Mathematical
Conclusions Model

Simulate Translate

Computational
Model

[ Mathematical modelling process J
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CALIBRATION
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® Adijust the set of parameters until the data output from the
model (simulated data) goodness of fit with the (observed data).

® In case the model correction is not satisfied = Check the
collected data and Conceptual model.

® The sensitivity of the parameters must be examined in this
step.

4 2\
(6 gting len.

b teo | i g

[;kx What are the results from model calibration?

1
\

o /
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v' Use another set of data to check the value of the parameter
set in the model.

v If cross-validation fails, re-calibrate the model's parameter
set until satisfied (return to calibration step).
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MODEL VERIFICATION

Verification Validation

style

checkers .~
/" integration prototyping
- : test
static a i
ysis . automated  system test : ling
-l test .~ e.g. UML,
B s e il formal methods
comectness @ . .\ TTtmmesmeesseseemestt
robustness

analysis goal analysis

consistency
checking

model/specification
inspection

Image Source: hitp://www.easterbrook.ca/steve/2010/11/the-difference-between-verification-and-validation/

How different between Verification and Validation ? ©
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PREDICTION

L

The model user's goal is to be able to forecast future events by
development many scenarios.

o 1- e--

ul Eg

CUSTOMER DATA FLATFORM ICON
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presenting measures are useful for the

evaluation of the overall performance of a
calibrated, vivificated, predicted model.

The measures may be applied for several purposes, including:

o model evaluation: how good the model is, i.e., how reliable are the model’s
predictions (how frequent and how large errors may we expect)?;

o model comparison: compare two or more models in order to choose
between them;

o out-of-sample and out-of-time comparisons: to check a model’s
performance when applied to new data to evaluate if performance has not
worsened.
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3.1. Efficiency Index or Coefficient of
Efficiency (El) (Nash-Sutcliffe

Efficiency(NSE .

i(xi _Y)z _i(xi _Yi)2

Criteria of Nash-Sutcliffe
Efficiency (NSE) Value NSE
Value Interpretation

i(xi _Y)z

» NSE > 0.75 =2 Good

» 036 <NSE<o0.75 2>
Qualified

» NSE < 0.36 = Not qualified

X is observed data,
Y is simulated data

Motovilov, Y.G., Gottschalk, L., Engeland, K. dan Rodhe, A. 1999.
Validation of a Distributed Hydrological Model Against Spatial
Observations. Elsevier Agricultural and Forest Meteorology. 98 : 257-277
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| MODEL-PERFORMANCE MEASURES
.

_ COVXY (X, = X)x(Y, ~Y))

cov XY ==
SxSy (n-1)

-

o A correlation coefficient of 1 means that for every positive increase in one
variable, there is a positive increase of a fixed proportion in the other.

o A correlation coefficient of -1 means that for every positive increase in one
variable, there is a negative decrease of a fixed proportion in the other.
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I Part 3

The SD measures the
spread of the set of
numbers, in effect the
average distance of
each number from
the mean.




MODEL-PERFORMANCE MEASURES
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— —

Rl\/lSE:\/EZn:(xi -Y,)?

———

RMSE is NOT scale invariant and
hence comparison of models
using this measure is affected by

the scale of the data 2 RMSE is

com over
S 5

However, RMSE can be heavily affected by a few
predictions which are much worse than the rest

1 n
MAE == |X; -Y;]
N =
MAE and RMSE ,
Which Metric is
Better?
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3.6. Root Mean Square Error 3.7. Root Mean Square over
Mean (RMSEM) Standard Deviation (RMSES)
RMSE
RMSE —
RMSEM = —— RMSES S
X X
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model accuracy is considered
excellent :

RRMSE < 10% =» Excellent
10% < RRMSE < 20% = Good,
20% < RRMSE < 30% = Fair,
RRMSE > 30% = Poor

Li MF, Tang XP, Wu W, Liu HB. General models for estimating daily global solar
radiation for different solar radiation zones in mainland China. Energy Convers
Manag 2013;70:139-48. http://dx.doi.org/10.1016/j.enconman.2013.03.004.
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X Y1100 = |MPE|

13
MPE = = Z(X Y)x100 MAPE =2 = —
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Y X . .
PVE(%):VOI \X/ol 100 TmP=T1, —T
Vol -
X, Observed(measured)dataattimei

Y, Computed(predicted)dataattimei
N Numberof data points

X Meanvalueof observeddataX = lz X
N =1

Y Meanvalueof computeddataY = 1Z:Yi
n 5=

SST Total var iationof thevalueincalibration or verificatbnstage
SSE Sumof thesquareerror

X ek  Observed(measured) peak flowdata

Y,k CoOmputed(measured) peak flowdata
Vol*

Vol”?

Observed(measured) runoff volumedata

Computed ( predicted) runoff volumedata
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41.

2 Problem 1 V/

The following table shows the measured and computed water level data at
station A.

a. Plot (X, Y) in X-axis is Water level (using point and line); number of
data points in Y-axis.

b. Compute 9 error parameters/Indices using these measured and
computed data.

S
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2.23
2.36
1.72
1.45
1.23
2.34
2.11

1.77
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(X;-Avg
Measured Computed (X,-Avg (X.-Avg X.)(Yi-Avg
No. (Xi) (Yi) X.) X)"2 (Y-AvgY) (Y-AvgY) 2 (Xi-Yi) (Xi-Yi)*2 Abs(X-Y,) Yi) (Xi-Yi)/Xi
1) (2) ) (4) (5) (6) (7) (8) (9) (10) (11) (12)

1 2.330 2.230 0.308 0.095 0.309 0.095 0.100 0.010 0.100 0.095 0.043
2 2.550 2.360 0.528 0.279 0.439 0.193 0.190 0.036 0.190 0.232 0.075
3 1.750 1.720 -0.272 0.074 -0.201 0.040 0.030 0.001 0.030 0.055 0.017
4 1.500 1.450 -0.522 0.272 -0.471 0.222 0.050 0.003 0.050 0.246 0.033
5 1.250 1.230 -0.772 0.596 -0.601 0.477 0.020 0.000 0.020 0.533 0.016
6 2.350 2.340 0.328 0.108 0.419 0.176 0.010 0.000 0.010 0.137 0.004
7 2.220 2.110 0.198 0.039 0.189 0.036 0.110 0.012 0.110 0.037 0.050
8 2.170 2.000 0.148 0.022 0.079 0.006 0.170 0.029 0.170 0.012 0.078
9 1.950 1.770 -0.072 0.005 -0.151 0.023 0.180 0.032 0.180 0.011 0.092
10 2.150 2.000 0.128 0.016 0.079 0.006 0.150 0.023 0.150 0.010 0.070
Sum 20.220 19.210 1.506 1.274 0.146 1.010 1.368 0.478

Avg 2.022 1.921




No. | Performance Statistics | Values
1 El
2 R
3 Sx
Sy
4 RMSE
5 MAE
6 RMSEM
7/ RMSES
8 RRMSE
9 MPE
10 MAPE
11 PVE
12 TTP
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4.2, \/
Problem 2 . —

Calibrate C value with measured water level. Try C
value between 30 to 60 ™"3/s. What is your calibrate C?
Compute El , R and other error parameters which are

you choice.

B R
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Xi
9.2
8.3
7-5

6.1
5-5
4.7
4.4
4.2
4.5
4.7
5-3
5-7
6.1
6.2

Yi:C=30 Y2:C=40 Y3:C=60

9.17
8.465
7793
7.109

6.43
5.772
5.203
4.881
4.832
5.013
5.364
5.859
6.516

6.95
6.871

9.17
8.333
7-527
6.723
5-933
5.174
4.492
4.061
3.946
4.088
4.386
4.799
5-337
5-709
5.586

9.17
8.235
7-323
6.413
5.513
4.634
3.788
3.149
2.927

3.066
3.315

3.63

4.033
4.38
4.2
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‘No. Measured ~  Computed
Xi Yi:C=30 Yz2:C=40 Y3:C=60

16 5.9 6.584 5.286 3.886
17 5.7 6.253 4.954 3-553
18 5.1 6.011 4.738 3.4
19 5 5.841 4.611 3.348
20 5-1 5-73 4.54 3-332
21 4.8 5.657 4.504 3.328
22 4.8 5.613 4.486 3.327
23 4.9 5.585 4.476 3.327
24 4.9 5.568 4.472 3.327
25 4.9 5.558 4.469 3.326
26 4.8 5.552 4.468 3.327
27 5 5.549 4.468 3.327
28 5.1 5.546 4.468 3.326
29 4.9 5.545 4.467 3.327
30 5 5.544 4.467 3.327
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43.

N Problem

The following table three input number and their old output

before modifying and new output after modifying each input by
Increasing 10% (+10%).

K. 4

Compute the input sensitivity index for each input number by

applying +10%. e
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Table 1. Input number 1

Pattern Old New Old New

number Input Input Output Output
1 2 2.2 2.51 4.59
2 5 55 9.-47 10.7
3 0.8 0.88 1.07 1.2
4 0.5 0.55 0.61 0.45
5 0.5 0.55 0.44 0.35
6 0.5 0.55 0.28 0.3
7 0.5 0.55 0.64 0.65




Table 2. Input number 2

Pattern
number
1

N OV AW N

Old Input

1

2
2.5
0.2
0.2
0.2
0.2
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New Input Old Output New Output

1.1
2.2
2.75
0.22
0.22
0.22
0.22

2.51
9.47
1.07
0.61
0.44
0.28
0.64

4.4
10.5
1

0.5
0.4
0.25

0.7
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Table 3. Input number 3

Pattern

number  Old Input New Input Old Output New Output
1 1 1.1 2.51 2.0
2 6 6.6 9.47 3
3 3 3.3 1.07 0.2
4 0.9 0.99 0.61 1
5 1 1.1 0.44 0.2
6 0.1 0.01 0.28 0.4
7 0.2 0.02 0.64 0.6
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Pattern
number Old Input  New Input Old Out Put New Output (3)-(2) (5)-(4) (7)/(6) (8)"2
(1) (2) (3) (4) (5) ©6) (@ B (9
1 2 2.2 2.51 4.59
2 5 5-5 9.47 10.7
3 0.8 0.88 1.07 1.2
4 0.5 0.55 0.61 0.45
5 0.5 0.55 0.44 0.35
6 0.5 0.55 0.28 0.3
7 0.5 0.55 0.64 0.65

Sum=

Similar for Table. Input number 2 and 3

To Select max (col 9) in three tables

Calculate Input Sensitivity Index (IST) = each col 9/Max (col 9)
=>» 1S11, 1S12, 1SI3

Plot to graph (ISl in XW
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44.

L L

The table 1 shows three input numbers and their old output before
modifying and new output after modifying each input number by
increasing 10% (+10%). Table 2 shows the same three input number
and their output before modifying and new output after modifying
each input number by decreasing 10% (-10%).

Compute the input sensitivity index for each input number by
applying +10% and -10%

b I
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Table 1 \\/4
Pattern
number  Old Input 1 Old Input 2 Old Input 301d Output New Output 1 New Output 2 New Output 3
(1) (2) (3) (4) (5) (6) (7) (8)
1 2 1 1 2.51 4.59 4.4 2
2 5 2 6 9.47 10.7 10.5 8
3 0.8 2.5 3 1.07 1.2 1 0.2
4 0.5 0.2 0.9 0.61 0.45 0.5 1
5 0.5 0.2 1 0.44 0.35 0.4 0.2
6 0.5 0.2 0.1 0.28 0.3 0.25 0.4
0.5 0.2 0.2 0.64 0.65 0.7 0.6
Table 2
Pattern number Old Input 1 Old Input 2 Old Input 3 Old output New Output 1 New Output 2 New Output 3
(1) (2) (3) (4) (5) (6) (7) (8)
1 2 1 1 2.51 3.2 1 2.9
2 5 2 6 9.47 9.5 6 8
3 0.8 2.5 3 1.07 1 1 2
4 0.5 0.2 0.9 0.61 0.7 0.5 0.5
5 0.5 0.2 1 0.44 0.5 0.3 0.1
6 0.5 0.2 0.1 0.28 0.7 0.1 0.4
7 0.5 0.2 0.2 0.64 1.4 0.7 1
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Table 3 N
Pattern
number Old Input New Input Old OutPut New Output (3)-(2)(5)-(4) (7)/(6) (8)"2
(1) (2) (3) (4) (5) ©6) (7 (8) (9
1 2 1.8 2.51 3.2
2 5 4.5 9.47 9.5
3 0.8 0.72 1.07 1
4 0.5 0.45 0.61 0.7
5 0.5 0.45 0.44 0.5
6 0.5 0.45 0.28 0.7
7 0.5 0.45 0.64 1.4
Sum=

Similar for Table. Input number 2 and 3
To Select max (col 9) in three tables
Calculate Input Sensitivity Index (IST) = each col 9/Max (col 9) =
1SI1, 1S12, 1S13
Plot to graph (ISl in x-axis, Input number in y-axis)
S
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