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Ø Impact on my Personal Life 



19 

Impact of  Prof. Wilfried Brutsaert in My Life 
Ø Impact on my Career 



20 

Impact of  Prof. Wilfried Brutsaert in My Life 

  Area of Specialty versus English:  I was told many times: What 
expertise you learn from your PhD program will affect your career for 
only the first five years. However, how good your English is will affect 
you for your lifetime.  Unfortunately, I must confess that I have failed 
my advisor in this regard. I am still very poor in my spoken English. 

Ø Impact on my Career 



21 

Impact of  Prof. Wilfried Brutsaert in My Life 

  Area of Specialty versus English:  I was told many times: What 
expertise you learn from your PhD program will affect your career for 
only the first five years. However, how good your English is will affect 
you for your lifetime.  Unfortunately, I must confess that I have failed 
my advisor in this regard. I am still very poor in my spoken English. 

n  Be Creative and Develop Your Own Areas of Interest:  I was 
advised in many occasions: in your life, you must develop your own 
areas of interest beyond the PhD program. I can proudly report that I 
have been successful in this regard. I have developed over 100 
computational models, none of which is an atmosphere model, a 
subject of my PhD dissertation.  

Ø Impact on my Career 



22 

Impact of  Prof. Wilfried Brutsaert in My Life 

  Area of Specialty versus English:  I was told many times: What 
expertise you learn from your PhD program will affect your career for 
only the first five years. However, how good your English is will affect 
you for your lifetime.  Unfortunately, I must confess that I have failed 
my advisor in this regard. I am still very poor in my spoken English. 

n  Be Creative and Develop Your Own Areas of Interest:  I was 
advised in many occasions: in your life, you must develop your own 
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subject of my PhD dissertation.  

n  Serve the Society: I was reminded in many occasions: return what 
you have learned, researched, and created to society.  I consider 
myself doing pretty well in this regard. I have foregone opportunities 
to make millions of dollars, making my computer codes available to 
almost anyone at no charge.  

Ø Impact on my Career 



23 

Green Functions 



24 

Green Functions 

  Green Function is one of the most versatile tools to obtain 
analytical or semi-analytical models for linear problems 



25 

Green Functions 

  Green Function is one of the most versatile tools to obtain 
analytical or semi-analytical models for linear problems 

  It is applicable to all three types of PDEs governing 
environmental flow and transport phenomena (Greenberg, 
1971; Brutsaert, 1975): Hyperbolic, Parabolic, and Elliptic. 



26 

Green Functions 

  Green Function is one of the most versatile tools to obtain 
analytical or semi-analytical models for linear problems 

  It is applicable to all three types of PDEs governing 
environmental flow and transport phenomena (Greenberg, 
1971; Brutsaert, 1975): Hyperbolic, Parabolic, and Elliptic. 

  The key to apply Green Functions is the ability to come up 
with the fundamental solution.  Basically, there are two types 
of Green Functions 



27 

Green Functions 

  Green Function is one of the most versatile tools to obtain 
analytical or semi-analytical models for linear problems 

  It is applicable to all three types of PDEs governing 
environmental flow and transport phenomena (Greenberg, 
1971; Brutsaert, 1975): Hyperbolic, Parabolic, and Elliptic. 

  The key to apply Green Functions is the ability to come up 
with the fundamental solution.  Basically, there are two types 
of Green Functions 
 Free Green Functions and 



28 

Green Functions 

  Green Function is one of the most versatile tools to obtain 
analytical or semi-analytical models for linear problems 

  It is applicable to all three types of PDEs governing 
environmental flow and transport phenomena (Greenberg, 
1971; Brutsaert, 1975): Hyperbolic, Parabolic, and Elliptic. 

  The key to apply Green Functions is the ability to come up 
with the fundamental solution.  Basically, there are two types 
of Green Functions 
 Free Green Functions and 
 Homogeneous Green Functions. 



29 

Green Functions 
  Free Green Functions reduce the PDEs+BCs to integral 

equations (Yeh and Brutsaert, 1971) 
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Green Functions: Difficulty 

  Homogeneous Green Functions reduce the PDEs+BCs to 
simple integration of known functions (Brutsaert, 1975; 
Yeh, 1981) 
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Ø  Use Google Search “AT123D New Jersey”,  you find:
 Guidance for Using the SESOIL and AT123D Models to Develop Site
 Specific Impact to Ground Water Soil Remediation Standards ...

Ø  In fact, more than 20 states in USA have the similar 
guidelines to use AT123D in conjunction with SESOIL 

Ø  Five dollars make you rich ($5 x 1,000 x 365 x 22 
= $40.15 Millions) 

Ø  A Footnote: Do I have any regret not to market this 
model? Yes, a little bit, but no, in large, because if I did, I 
would not have gone on developing a generic reactive 
chemical transport model named HYDROGEOCHEM that 
has incubated many similar models. 
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How AT123D has been used for regulation 
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  Multi-processes:  Biogeochemical Cycles 
  Nitrogen, Phosphorous, Carbon, Oxygen, Metals, etc.;    
  Biota Kinetics (Algae, Phyotoplankton, Zooplakton, Caliform, Bacteria, 

Plants, etc.); and 
  Sediment and Water Quality Transport (Any Number of  Reactive 

Constituents). 

Watershed Modeling: Multi-media and multi-processes  
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1.  Simplified versus Complete Physics 
ü  Dynamic Wave (DYW) 
ü  Diffusive Wave (DIW) 
ü  Kinematic Wave (KIW) 

2.  Physics-based vs Ad hoc Coupling 
ü  Physical Consideration 

•  Direct Connection 
•  Indirect Connection 

ü  Mathematical Representation 
•  Continuity of State Variables 

•  Linkage Term for Fluxes 

   and   S G S GQ Q p p= =

( )( )   and     S G S G G SQ Q Q or Q K p p= = −

Watershed Modeling: Three Key Issues 

3.  Partial versus Complete System Components 
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Example No. 1:  Experimental Benchmark Problems: 
Simplified versus Complete Physics 

Problem Description 
 
One dimensional channel flow benchmark problems 
(MacDonnell et al., 1997) that are slightly modified  
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Case 1: Subcritical Flow 
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Comparison of  Dynamic, Diffusive, and Kinematic Wave Simulations 

Case 3: Subcritical Flow under Wave-shaped Bottom 
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Comparison of  Dynamic, Diffusive, and Kinematic Wave Simulations 
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Example No. 2:  Overland flow over a porous medium: 
Physics-based Versus Ad hoc Coupling 

Ø  This example is designed to simulate rainfall-runoff over an infiltrating surface to 
demonstrate the inappropriate use of linkage term when there is no physical 
discontinuity at the interface. 
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Comparison of  Continuity versus Linkage Approaches 
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Comparison of  Continuity versus Linkage Approaches 

The linkage coefficient k is simply a calibration 
parameter, it has no physical meaning. 

Discharge through Outlet 

Flux from Land Surface to Subsurface 
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Example No. 3:  South Dade County Watershed: 
Partial versus Complete System Components 

h  Dade model is a large scale 
regional problem, 30 mi by 40 mi. 

h  Complex hydraulic structure 
operations 

h  Strong interaction of overland 
flow, groundwater flow, and 
canal flow in south Florida 

h  Vertically, it extends from the land 
surface to the bottom of the 
surficial aquifer. 
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  There are 7 layers in vertical direction: 37,760 nodes, 65,429 elements.  
  Levees are incorporated as part of  subsurface media. 
  Real Time Simulated:  22 days 

Finite element discretization for 3D subsurface media 
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  2D Overland Mesh: 
4,720 Surface Nodes   Canal Network with Structures 

Finite element discretization for 2D overland flow  and canal networks 
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Comparison of  2D-3D interaction and 1D-2D-3D interaction 

There is a significant difference between 2D-3D 
and 1D-2D-3D simulations.  It is thus important to 
consider interactions among all system 
components.  
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Ø  Professor Brutsaert has tremendous impacts on 
both my personal life and my career.  I take it a 
privilege to be one of his students.  

Ø  Green Function, especially the homogeneous 
Green Function, is perhaps one of the most 
versatile means to obtain analytical models. 

Ø  In watershed modeling, three very important 
issues must be considered. Whenever possible, 
1.  complete physics is preferred,  
2.  physics-based coupling must be employed to avoid 

artifact calibration of non-physics parameters, and 
3.  Complete system components are preferred. 

Summaries and Conclusions 


