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1. 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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1. Model definition 

Hydrological system Hydrological concept 

modelling 



V Models are substitutes for natural systems for natural 

systems (but only essential processes); 

1. Model definition 



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

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

 

Safety 

threshold 

1. Model definition 



Principles of 
Modelling   

 
üThe best models are connected to reality;  
üEvery model may be expressed at different levels 
of precision;  
üAlways requires simplification;  
ü No single model is sufficient;  
üȣȢ 

 
 



Mathematical models are used in quantitative analysis to make 

decisions 



2. The necessity of model  
o To 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  
ÅTo identify  processes dominating water quality issues and 

magnitude of problems; 

ÅTo develop and evaluate management strategies; and 

ÅTo monitor compliance with water quality objectives. 
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4. Scale of model 
V Space-scale area: large or small; 

V Time-scale: short or long; 

V Validity of the model: The model has been pre-set with 

the scale of space and time.  

V Do not apply outside of the above setting. 

 
 

Part 1  



5. Model classification 

 

 

 

 

 
 

          Catwalk models                                                       prototype house 
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5. Model classification 

 5.1. scale physical modelling and prototype modelling 

 
 

 

 

 

 

 

 

 



5.2. Mathematical modelling 

 

 

 

 

 

 

Mathematical modelling 
Uses mathematical equations to describe a system  

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

Numerical modelling  

Conceptual 
modelling  

Often the traits that we 
can measure are not the 
most informative traits  



 5.2. Conceptual modelling 

 

 

 

 

 

 
 

water balance concept 



The output of the Conceptual model is a flowchart or diagram 



The output of the Conceptual model is a flowchart or diagram 



 5.2.2. Numerical modelling  
 Numerical modelling is composed of variables and a mathematical 

representation of the relationship between them.  

 

 

 

 

 

 

 



ET0 l¨ khӶ nŁng tho§t hҺi nҼ֧c c©y tr֟ng trong Ľk b³nh 

thҼ֩ng 

5.2.2. Numerical modelling  



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

o Mathematics is a concise language  
o One equation says more than 1000 words  
o Mathematics is a universal language  
o Same mathematical techniques can be applied over a range of 

scales  
o Mathematics is an old but still trendy language  
o The rich toolbox created by mathematicians over centuries is 

available at our disposal 
o  Mathematics is the language that computers understand best 
 
 
 

 
 

5.2.2. Numerical modelling  



5 km 

10 km/h How long? 

s: distance 

v: speed t = s/v t = ? 

5.2.2. Numerical modelling  



5.2.2. Numerical modelling  



e  e
 

d 



 

Empirical        ><   Mechanistic  
Deterministic ><  Stochastic  
Systems          ><  Molecular model  
Static              ><  Dynamic 
 Linear            ><  Non-linear  
Discrete          ><  Continuous 

Mathematical modelling 

classification 

Classifying them into broad categories can tell you much 
about their purpose & scope and often require different 

mathematical techniques 



6. Environmental modelling 
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Transport processes 

Flow direction 

6. Environmental modelling 

  

 

 

 

 

 

Transport processer  

Water quality modelling  
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Advection  

6. Environmental modelling 

  

 

 

 

 

 

Water quality modelling  



Molecular 
Diffusion  

6. Environmental modelling 

  

 

 

 

 

 

Water quality modelling  



Turbulent 
Diffusion  

6. Environmental modelling 

  

 

 

 

 

 

Water quality modelling  



Dispersion  

6. Environmental modelling 

  

 

 

 

 

 

Water quality modelling  



Oxygen 
depletion 
in streams  

6. Environmental modelling 

  

 

 

 

 

 



o Factors Affecting Amount of DO Available in Rivers  
o Oxygen demanding wastes affect available DO  
o Tributaries bring their own oxygen supply  
o Photosynthesis adds DO during the day but the same plants remove 

oxygen at night 
o  Respiration of organisms living in water as well as in sediments 

remove oxygen  
o In the summer rising temperatures reduce solubility of oxygen  
o In the winter oxygen solubility increases, but ice may form blocking 

access to new atmospheric oxygen 

Water quality modelling  



Modeling DO in a River  
ω ¢ƻ ƳƻŘŜƭ ŀƭƭ ǘƘŜ ŜŦŦŜŎǘǎ ŀƴŘ ǘƘŜƛǊ ƛƴǘŜǊŀŎǘƛƻƴ ƛǎ ŀ ŘƛŦŦƛŎǳƭǘ ǘŀǎƪ  
ω ¢ƘŜ ǎƛƳǇƭŜǎǘ ƳƻŘŜƭ ŦƻŎǳǎŜǎ ƻƴ ǘǿƻ ǇǊƻŎŜǎǎŜǎΥ  
üThe removal of oxygen by microorganisms during biodegradation 

(de-oxygenation)  
üThe replenishment of oxygen at the interface between the river 

and the atmosphere (re-aeration) 

Water quality modelling  



DO sag definitions  6. Environmental modelling 

  

 

 

 

 

 



1. Determine the initial conditions  
2. Determine the de-oxygenation rate from BOD test and stream 

geometry  
3. Determine the re-aeration rate from stream geometry  
4. Calculate the DO deficit as a function of time  
5. Calculate the time and deficit at the critical point (worst conditions 

Steps in Developing the 
DO Sag Curve 



Mass Balance for Initial Mixing 

Qr  = river flow (m3/s)  DOr = DO in 
river (mg/L)  Lr = BOD in river 
(mg/L) 

Qmix = combined flow (m3/s)  DO = mixed DO (mg/L) 
La = mixed BOD (mg/L) 

Qw = waste flow (m3/s)  DOw = DO in 
waste (mg/L)  Lw = BOD in waste (mg/L) 

1. Determine Initial Conditions 



 Initial DO deficit: 

where: 

Da=initial DO deficit (mg/L)  

DOs=saturation DO conc.(mg/L) 

DO = 
QwDOw +Qr DOr 

Qw +Qr 

Da = DOs - DO 

Initial dissolved oxygen concentration: 

1. Determine Initial Conditions 



1. Determine Initial Conditions 

Therefore, the initial deficit after mixing is 

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

mix 

s a 
Q 

D = DO - 
Qw DOw  + Qr DOr 



DOs is a function of temperature, atmospheric pressure  and salinity 

Solubility of Oxygen in Water  (DOs = DO  saturation) 

1. Determine Initial Conditions 



Initial ultimate BOD concentration: If, the BOD data for the 
waste or river are in  terms of BOD5, calculate L for each 

a 
L 

Qw  + Qr 

= 
Qw Lw  + Qr Lr 

L = 
BODt 

1- e-kt 

Therefore, initial ultimate BOD concentration 

1. Determine Initial Conditions 



where: kd = 

Lt = 

de-oxygenation rate coefficient (day-1)  

ultimate BOD remaining at time (of  

travel down-stream) t 

d If k (stream) = k (BOD test) and 
 
L = L e-kd t   

t  0 

d -k t 

d 0 rate of de - oxygentation = k L e 

rate of de-oxygenation = kdLt 

 

2. Determine de-

oxygenation rate 

 



 

rate of re-aeration = kr D 

 

kr = re-aeration constant (time -1) 

D = dissolved oxygen deficit (DOs-DO)  

DOs = saturated value of oxygen 

DO = actual dissolved oxygen at a given  

location downstream 

3. Determine  Re-
aeration  Rate 



where kr = re-aeration coefficient @ 20ºC (day-1) 

u = average stream velocity (m/s) 

h = average stream depth (m) 

      Correct rate coefficient for stream temperature 

where Ū = 1.024 

3.9u1/ 2 

kr = 
h3/ 2 

T -20 
= kr ,20Q kr  

3. Determine  Re-
aeration  Rate 



4. DO deficit as a 

function of time 

DO as function of time (Streeter-Phelps  equation or oxygen 
sag curve) 

Rate of increase of DO deficit = rate of  deoxygenation ς rate of 
reaeration 

Solution is: 

dt 
d t r 

dD 
= k L - k D 

a 

r d 
t 

r r d 
kd Lo -k t -k t -k t )+ D (e )  (e - e 

k - k 
D = 



  

r c r c 

a 

a r 

c 

kd La -k t (e-kd tc -k  t 
-e )+ D e 

k - k 
D = 

Critical Point = point where steam conditions are at their worst 

D = dissolved oxygen deficit 

5. Critical  time and  DO  



STEPS FOR MODEL DEVELOPMENT 

THU TH P VÀ PHÂN TÍCH 

S  LI U 
DATA COLLECTION & PROCESSING 

XÂY D NG PH N M M 

MODEL DEVELOPMENT 

HI U CH NH MÔ HÌNH 

CALIBRATION 

KI M Đ NH MÔ HÌNH 

VERIFICATION 

NG D NG 

APPLICATION 

PHÂN TÍCH Đ  NH Y/Đ  KHÔNG CH C CH N 

SENSITIVITY ANALYSIS 

UNCERTAINTY ANALYSIS 

 

MÔ HÌNH GI I TÍCH / TOÁN 

ANALYTICAL / NUMERICAL 

MODEL 

MÔ HÌNH KHÁI NI M 

CONCEPTUAL MODEL 

D  BÁO / T I ƯU HOÁ 
PREDICTION / OPTIMISATION 



STEPS FOR MODEL DEVELOPMENT 

2.1. data collection) 

 Input model 

o 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: The quality of output data is no better 

than the quality of Input data 

Part 2  


