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LNSTITUTIONAL SUPPORT OF WATER RESOURCE MODELS~ 

by 

John C. pe ters2  

INTRODUCTION 

The purpose of  t h i s  paper is  t o  i d e n t i f y  so lu t ions  t o  human and 

i n s t i t u t i o n a l  problems t h a t  i n h i b i t  e f f e c t i v e  development and use of 

water resource computer models. A model may be  regarded as  a powerful 

t o o l  f o r  analyzing a l t e r n a t i v e  so lu t ions  t o  water resource problems. 

Application of models enables ana lys i s  of a wider range of s o l u t i o n s ,  

and a more d e t a i l e d  ana lys i s  of individual  so lu t ions ,  than would otherwise 

be possible.  Indeed a r a t i o n a l  ana lys i s  of some of today's complex water  

resource problems would be v i r t u a l l y  impossible without models. 

1;lhile many i l l u s t r a t i o n s  of successful  model app l i ca t ion  could 

be  c i t e d ,  the  focus he re in  is on problems associa ted  wi th  model development 

and use t h a t  impact on both t h e  q u a l i t y  of so lu t ions  t o  water  resource 

problems and t h e  e f f i c i ency  (cos t  e f fec t iveness)  with which t h e  so lu t ions  

a r e  obtained. Some recur ren t  problems a r e  a s  folhows: 

(1) Hodels are no t  user-oriented; t h a t  is, excessive amounts of 

manpower resources a r e  required t o  prepare input  f o r ,  and 

opera te ,  the  models. 

(2) Documentation on how t o  use t h e  models is  d e f i c i e n t  o r  

nonexistent;  excessive amounts of manpower resources a r e  

required t o  l e a r n  how t o  use t h e  models, - 
1. Prepared f o r  t h e  U.S. Congress, Office of Technology Assessment Report 
on "Freshwater Resources ManagexenS, Planning a;;d Policy; Assessment of 
Models and Pred ic t ive  Methods." 

2. Hydraulic Engineer, The Hydrologic Engineering Center,  U.S. Army Corps 
of Engineers, Davis, Cal i fornia ,  May 1480. 



Models are not readily transportable from one computer system 

to another; excessive manpower and computer resources are 

required to adapt a model for use on the computer system avail- 

able to the model user. 

Models are faulty and produce erroneous results. 

Models are inefficient; excessive amounts of computer resources 

are required to operate the models. 

Inferior models are used because of a lack of awareness of the 

availability of more suitable models. 

Hodels are misapplied due to an inaccurate assessment of the 

problem to be solved or a lack of understanding of model 

capabilities and limitations. 

Erroneous results of model applications are not detected 

because of inadequate checking and verification of model output, 

Training in model application is not available; excessive 

manpower and computer resources are required to learn how to 

use the models. 

Assistance in model application is not available; excessive 

manpower and computer resources are required to learn how to 

use the models. 

Models, once developed, are not subsequently maintained; that is, 

there is no mechanism for generating model improvements or error 

corrections, or for disseminating them to model users. This results 

in faulty or inefficient applications of models, 



(12) Models a r e  developed t o  solve  iraconsequential problems o r  t o  

u t i l i z e  d a t a  t h a t  i s  seldom o r  aever avai lable .  

(13) The r o l e  of models in solving water resource problems is  not  

understood by managersldecision-makers, which r e s u l t s  i n  

misapplicat ion of models and i n f e r i o r  problem solutions.  

Numerous examples could be c i t e d  t o  i l l u s t r a t e  each of t h e  above 

problems. When viewed from a na t iona l  perspect ive ,  t h e  consequences of 

the  problems a r e  s u b s t a n t i a l  with respect  t o  reduced qua l i ty  of so lu t ions  

t o  water resource problems, and higher cos t s  f o r  obtaining solut ions .  

Poss ib le  so lu t ions  t o  t h e  problems l i s t e d  above a r e  addressed subsequently 

i n  t h i s  paper under t h e  following four top ics :  

Quality Control 

e Technology Transfer 

s Hodel Tmprovement and Maintenance 

o Education of Managers /Decision Makers 

Solutions t o  problems (1) through (5) w i l l  be  addressed under the  t o p i c  

of Quali ty Control,  problems (6) - (10) under Technology Transfer ,  problem (11) 

under Model gmprovement and Maintenance and problems (12) and (13) under 

Education of PlanagerslDecision-Makers. The viewpoints expressed i n  t h i s  

paper are based, f o r  t h e  most p a r t ,  on a c t u a l  experiences of t h e  Hydrologic 

Engineering center1 (HEC) of t h e  U.S. Army Corps of Engineers i n  addressing 

these problems during t h e  l a s t  s ix teen  years ,  

1. The Hydrologic Engineering Center w a s  es tabl ished i n  1964 t o  provide 
research, coasul t ing  and t r a i n i n g  se rv ices  i n  t h e  d i s c i p l i n e s  of hydrologic 
engineeriag and water resource planning t o  t h e  52 d i s t r i c t  and d iv i s ion  o f f i c e s  
of t h e  Corps of Engineers. A c t i v i t i e s  of t h e  Center a r e  focused t o  a major ex ten t  
on developing, applying, servfc ing and teaching t h e  use of water resource models. 



QUALITY CONTROL 

A s  indicated previously,  a water resource model may be viewed a s  a 

t o o l  f o r  f a c i l i t a t i n g  t h e  determination of so lu t ions  t o  water resource 

problems. Such t o o l s  a r e  very sophis t ica ted  i n  t h a t  they a r e  composed 

of numerous i n t e r r e l a t e d  s e t s  of extensive,  complex computation sequences. 

Newly developed models invar iab ly  contain e r r o r s  (bugs, i n  computer vernacular)  

t h a t  cause t h e  model t o  produce erroneous r e s u l t s .  Model r e l i a b i l i t y  is 

pursued with comprehensive and systematic programs of debugging, t e s t i n g  

and v e r i f i c a t i o n .  Such programs a r e  t i m e  consuming and expensive, e spec ia l ly  

i f  s u b s t a n t i a l  amounts of da ta  (e.g. physical  c h a r a c t e r i s t i c s  of watersheds, 

streamflow measurements, groundwater l e v e l s ,  etc.)  must be co l l ec ted  f o r  

model v e r i f i c a t i o n .  

A common p r a c t i c e  i n  model t e s t i n g  is t o  make a preliminary version 

of a model ava i l ab le  t o  se lec ted  model users  wi th  t h e  understanding t h a t  

t h e  model is  i n  t h e  t e s t i n g  s t age  and t h a t  t h e  users  w i l l  n o t i f y  t h e  

model developer of malfunctions. This provides a means t o  have a model 

used i n  a v a r i e t y  of app l i ca t ions ,  some of which would not  have been 

an t i c ipa ted  by t h e  model developer. 

Even the  most c a r e f u l l y  designed and executed t e s t i n g  program w i l l  not  

assure  pe r fec t  model r e l i a b i l i t y ,  because of t h e  complex na tu re  of models and 

t h e  unforeseen c h a r a c t e r i s t i c s  of individual  appl ica t ions .  Generally the  

most r e l i a b l e  models a r e  those t h a t  have been widely used f o r  a period 

of severa l  years. An e s s e n t i a l  requirement f o r  increas ing t h e  r e l i a b i l i t y  

of a model is t o  have a systematic means f o r  making changes t o  the  model, 



and f o r  disseminating t h e  changes t o  model users.  These a c t i v i t i e s  w i l l  

be addressed subsequently under Model Improvement and Plaintenance. 

Factors o the r  than computational r e l i a b i l i t y  t h a t  coa t r ibu te  t o  the  

q u a l i t y  of a model include computational e f f i c i ency ,  ease of use, model 

t r a n s p o r t a b i l i t y  and t h e  adequacy of documentation. Computational e f f i c i ency  

pe r ta ins  t o  computer c o s t s  associated with operat ing a model. Good compu- 

t a t i o n a l  e f f i c i ency  is genera l ly  achieved by ca re fu l  design of t h e  model 

t o  enable e f f i c i e n t  t r a n s f e r  of information wi th in  t h e  model and by appl ica t ion 

of state-of-the-art procedures f o r  manipulating and solving equations. 

The ease  with which a model can be  used is  s u b s t a n t i a l l y  dependent on 

the  design of t h e  input  and output s t r u c t u r e s  of t h e  model. A 'user- 

or iented '  model has an input  s t r u c t u r e  t h a t  enables the  user  t o  input  

required information (data)  with a minimum of e f f o r t ,  Be  model checks the  

data  f o r  completeness and reasonableness, and transforms it i n t o  formats 

required f o r  subsequent processing. The output  s t r u c t u r e  is designed s o  

t h a t  the  user  can s e l e c t  the  l e v e l  of d e t a i l  and general  arrangement of 

model output. A user-oriented model provides d iagnost ic  information i n  t h e  

case of an abor t ive  app l i ca t ion ,  and furnishes  warnings when model-generated 

information exceeds reasonable bounds. 

?lode1 t r a n s p o r t a b i l i t y  r e f e r s  t o  the  ease  with which models can b e  

t ransferred  from one computer system t o  another. Charac te r i s t i c s  of computer 

systems vary s u b s t a n t i a l l y  from one manufacturer t o  another. A model 

designed t o  take f u l l  advantage of t h e  var ious  fea tu res  of a p a r t i c u l a r  

computer system, f o r  example f o r  s t o r i n g  information, o r  solving equations,  

may have t o  undergo major r es t ruc tu r ing  f o r  use on another computer system. 



Costs associa ted  wi th  res t ruc tu r ing  and subsequent t e s t i n g  can be subs tan t i a l .  

Tf a model is  intended f o r  widespread use on a number of d i f f e r e n t  computer 

systems, t h e  model should be designed f o r  t r a n s p o r t a b i l i t y  by avoiding 

the  use of system-dependent f ea tu res  of  any p a r t i c u l a r  computer system. 

Designing f o r  t r a n s p o r t a b i l i t y  requires  knowledge of t h e  e s s e n t i a l  character-  

i s t i c s  of a v a r i e t y  of computer systems, Such knowledge is  d i f f i c u l t  t o  

acquire and is not  widespread among model developers; t h a t  is, most model 

developers a r e  very knowledgeable about t h e  computer system t h a t  they use, 

but not about o the r  systems. 

The l a s t  i t e m  included he re in  under ' qua l i ty  control '  i s  model documentation. 

This i t e m  could a l s o  be  included under 'technology t r a n s f e r ' ,  however it i s  

considered more approppiate t o  assoc ia te  documentation c lose ly  with o v e r a l l  

model q u a l i t y ,  because without adequate documentation, app l i ca t ion  of a 

model w i l l  a t  bes t  be gross ly  i n e f f i c i e n t .  A t  worst ,  the  model can be 

misapplied i n  such a fashion t h a t  erroneous r e s u l t s  a r e  not  detected by t h e  

user. 

Consider t h i s  analogy. Suppose t h a t  a sophis t ica ted  l a t h e  has been 

acquired f o r  spec ia l i zed  machining tasks.  It would c e r t a i n l y  be prudent 

t o  become thoroughly fami l i a r  with the  Users Ins t ruc t ions  f o r  t h e  l a t h e  p r i o r  

t o  operat ing it. Presumably a t r ial  and e r r o r  approach could be used t o  

f igure  out how t h e  l a t h e  works. But such an approach would be t i m e  consuming 

and expensive, and t h e  f u l l  c a p a b i l i t i e s  (and l imi ta t ions )  of the  l a t h e  

may never be  discovered. 



A water resource model can be many times more complex than a lathe, 

yet the Users Instructions (model documentation) are typfcally so brief 

or poorly written that the model user must resort to a trial and error 

approach to learn how to use the model. 

There are several reasons for the typical lack, or poor quality, of model 

documentation. Preparation of good documentation requires strong skills 

in written communication, and is an exacting, time-consuming task. The model 

developer, c7ho may be the only person with the requisite knowledge of the 

model, may lack the skills, time or inclination to prepare proper documentation. 

Although rewards for model development are often significant, especially in 

an academic environment, there are generally few rewards for preparation 

of good quality model documentation. Funds are often overspent on the 

model-development part of a contract, leaving limited funds for the 

documentation phase. 

Model quality, then, is multi-faceted and encompasses first and foremost, 

model reliability, but also includes elements such as computational efficiency, 

ease of use, transportability and documentation. Production of a model of 

high quality in all of these areas requires a large investment of specialized 

skills and should be reserved for models that will receive widespread use 

over a significant period of time. The need for such investments should be 

established by decision makers (managers) and others who have day-to-day 

responsibility for selecting techniques to be applied in solving water 

resource problems. 



The q u a l i t y  of models can be regulated and monitored t o  a c e r t a i n  

extent  through spec i f i ca t ion  of s tandards f o r  model development and 

documentation, and by establishgng review processes. For example, t h e  

U.S. Army Corps of gngineers es tabl ished guidance and standards f o r  

models t h a t  a r e  incorporated i n  t h e  Corps' Engineering Computer Programs 

~ i b r a r ~ . l  The s t a t e d  ob jec t ives  of t h e  standards are t o  assure  t h a t  models 

d i s t r i b u t e d  through t h e  Library a r e :  

a. Immediately usable,  broad i n  scope, easy t o  modify. 

b. Consistent with accepted engineering p r inc ip les  and pract ices .  

c. Uniformly and we l l  documented. 

d. Readily understandable by o the rs  and easy t o  set up and apply. 

The standards speci fy  the  programming language t o  be used and suggest 

s p e c i f i c  programming p rac t i ces  t h a t  w i l l  enhance program u s a b i l i t y .  Detai led 

guidelines a r e  provided f o r  preparat ion of model documentation, Models t h a t  

a r e  incorporated i n  the  Library a r e  placed i n  one of th ree  ca tegor ies ,  

depending on the  nature  of the  model and t h e  l e v e l  of review it has  received. 

Far example, a model i n  t h e  h ighes t  category w i l l  have been designed for  

Carps-wide app l i ca t ion  and w i l l  have received independent review, and approval 

by t h e  Corps' Office of t h e  Chief of Engineers. 

1. Engineering Computer Programs Library - Standards and Documentation, 
Engineer Technical Letter No. 1110-1-45, U.S. Army Corps of Engineers, 
9 February 1971. 



TECHNOLOGY TRANSFER 

Technology transfer is intended herein to deal with the passing of 

information between model developer and model user, and in particular 

with procedures for fostering proficiency in model application, Mechanisms 

for technology transfer include dissemination of infotmation regarding model 

availability, publication of model documentation, provision of user-assistamce 

services and training of model users. 

Dissemination of infornation regarding model availability is important 

for several reasons: 

(1) The need for a model may be met, or partially met, with one that 

already exists - thus elimtnating or reducing the necessity for 
costly model development, 

(2) Awareness of the availability of models that are superior to ones 

presently in use may lead to improved model utilization. 

(3)  Interaction between model developers is fostered. 

Existing sources of information on model availability include technical 

journals, catalogues produced by various government agencies and research 

entities, and user organizations such as the Storm Water Management Model 

users group or Civil Engineering Program Applications, Inc. (CEPA). 

The need for model documentation is discussed in the preceding section 

on Quality Control. Model documentation should be viewed as encompassing 

far more than a set of instructions on haw to prepare input for a model. 

A model user should have access to the following types of information: 



(1) A comprehensive statement of the  purpose, c a p a b i l i t i e s  and 

l i m i t a t i o n s  of t h e  model. 

(2) A de ta i l ed  exposit ion of the  t h e o r e t i c a l  b a s i s  f o r  t h e  model. 

(3)  A summary of t h e  na tu re  and extent  of t e s t i n g  and v e r i f i c a t i o n  

of t h e  model. 

(4) Ins t ruc t ions  on model usage. 

(5) A descr ip t ion of model output.  

(6) Examples of input  and output. 

(7) Case s t u d i e s  involving model appl ica t ions .  

I n  addi t ion ,  w r i t t e n  information should be provided on t h e  i n t e r n a l  organizat ion 

and s t r u c t u r e  of t h e  model t o  f a c i l i t a t e  t h e  making of modificat ions4 Modi- 

f i c a t i o n s  may be required t o  i n s t a l l  t h e  model on a computer system, t o  

cor rec t  e r r o r s  o r  t o  augment c a p a b i l i t i e s .  

User a s s i s t a n c e  is  a c r i t i c a l  element of technology t r a n s f e r  - c r i t i c a l  

i n  t h e  sense  t h a t  i f  i t  i s  not  ava i l ab le ,  use of a model w i l l  probably be 

g rea t ly  inh ib i t ed  and may cease a l together .  User a ss i s t ance  requires  ready 

access,  genera l ly  by telephone, t o  a person who is  thoroughly fami l i a r  

with a model. Assistance may cons i s t  of providing information on t h e  current  

s t a t u s  of a new model, advice on model a p p l i c a b i l i t y ,  guidance on input: 

prepara t ion o r  output i n t e r p r e t a t i o n ,  o r  help  i n  loca t ing  t h e  cause of abor t ive  

model executions. Persons providing t h e  ass i s t ance  receive  valuable feedback 

on model app l i ca t ions  which can be shared with o the r  model, users  and can 

provide a b a s i s  f o r  f u t u r e  model improvements. 



For some model appl ica t ions ,  p a r t i c u l a r l y  those t h a t  involve models 

t h a t  a r e  ex t raord ina r i ly  complex, t h e  most e f f e c t i v e  user  a ss i s t ance  may 

involve "tutored spgllr_atinnW in which mdel. speci~zliste am? w d e l  wera 

work together i n  applying t h e  model t o  t h e  users '  s p e c i f i c  problem. The 

s p e c i a l i s t s  and users  both gain from t h i s  experience, and t h e  users  a r e  

then equipped t o  t ack le  subsequent problems on t h e i r  own, o r  a t  l e a s t  with 

a much-reduced l e v e l  of ass is tance .  

Generally t h e  s i n g l e  most e f f e c t i v e  mechanism f o r  f a c i l i t a t i n g  proper 

and e f f i c i e n t  use of water resource models is the  t r a i n i n g  course. A t y p i c a l  

t r a i n i n g  course is two t o  t en  days i n  durat ion and provides i n s t r u c t i o n  

i n  model a p p l i c a b i l i t y ,  t h e  t h e o r e t i c a l  b a s i s  f o r  a model, input  preparat ion 

and output analys is .  Case s t u d i e s  i l l u s t r a t i n g  model appl ica t ions  are o f t e n  

included and t h e r e  is genera l ly  an opportunity f o r  discussion of problems 

brought by pa r t i c ipan t s .  Also many courses provide f o r  hands-on use of 

models during problem-solving sessions.  Such sess ions  a r e  f requent ly  

regarded by p a r t i c i p a n t s  a s  t h e  most valuable component of a course. 

Training courses on se lec ted  models a r e  present ly  offered by severa l  

government agencies, by a number of  u n i v e r s i t i e s  and occasionally by p r i v a t e  

engineering firms. Attendance a t  government-sponsored t r a i n i n g  courses is  

i n  most cases l imi ted  t o  government personnel,  whereas t r a i n i n g  courses 

sponsored by u n i v e r s i t i e s  and p r i v a t e  firms a r e  open t o  t h e  public,  Universi ty 

o f fe r ings  have increased s i g n i f i c a n t l y  i n  recent  years ,  which presumably 

r e f l e c t s  a growing awareness of t h e  demand f o r  and value of such t r a in ing .  



An adjunct  t o  t r a i n i n g  courses t h a t  is used by a t  l e a s t  two government 

water resource agencies is  t h e  video tape  lending l i b r a r y .  Video tapes a r e  

made during t r a i n i n g  courses. The tapes  and associa ted  t r a i n i n g  materials 

a r e  then made ava i l ab le  f o r  loan t o  t h e  public. Although t h e  use of video 

tapes is genera l ly  less valuable than p a r t i c i p a t i o n  i n  a t r a i n i n g  course, 

such use  is  simple and r e l a t i v e l y  inexpensive, and can be of s u b s t a n t i a l  

value when attendance a t  t r a i n i n g  courses is not  f e a s i b l e ,  

An i l l u s t r a t i o n  of successful  technology t r a n s f e r  can be c i t e d  i n  

conjunction with the  water resource model HEC-2, which is used f o r  ca lcu la t ing  

water surface  p r o f i l e s  (i.e. depths of flowing water) i n  r i v e r s .  This type 

of model is used extensively i n  a v a r i e t y  of water resource analyses - 
a prime example being t h e  technical  s t u d i e s  associa ted  with t h e  f e d e r a l  f lood 

insurance program. HEC-2 w a s  f i r s t  made ava i l ab le  by t h e  Hydrologic 

Engineering Center i n  1969 a f t e r  approximately f i v e  years of development 

and t e s t ing .  Since t h a t  t i m e ,  many minor revis ions  and severa l  major 

revis ions  have been made t o  meet: t h e  changing needs of model users.  Documentation 

includes a comprehensive Users Manual, a Programmers Manual and severa l  

supplementary repor t s  and t echn ica l  papers t h a t  d e a l  with appl ica t ions .  User 

ass i s t ance  is read i ly  ava i l ab le  from t h e  Hydrologic Engineering Center. During 

calendar year 1980, e igh t  t r a i n i n g  courses i n  use of HEC-2 a r e  being sponsored. 

Sponsors inc lude the  Hydrologic Engineering Center, the  Ministry of Natural 

Resources f o r  the  Province of Ontario, Canada and severa l  u n i v e r s i t i e s  i n  

t h e  United S t a t e s  and Canada. 



The Hydrologic Engineering Center d i s t r i b u t e s  approximately 300 copies 

of the  HEC-2 model and 2000 Users Manuals per  year. The present  list of 

users  inc ludes  107 federa l  government o f f i c e s ,  107 s t a t e  and l o c a l  government 

o f f i c e s ,  93 u n i v e r s i t i e s ,  424 p r i v a t e  engineering firms and 116 fore ign o f f i c e s  

and un ivers i t i e s .  The HEC-2 Users Manual has been t r ans la ted  i n t o  o the r  languages. 

In  con t ras t  t o  the  widespread usage of HEC-2 a r e  the  numerous s i t u a t i o n s  

where federally-sponsored un ivers i ty  research r e s u l t s  i n  the  development 

of a p o t e n t i a l l y  use fu l  model t h a t  u l t imate ly  receives minimal o r  no usage 

by those  engaged i n  solving water resource problems. The reason such models 

a r e  not  used is of ten  d i r e c t l y  r e l a t e d  t o  poor (or non-existent) at tempts 

a t  technology t r a n s f e r ,  I n  many cases t h e  developer does not  have t h e  

resources,  s k i l l s  o r  perhaps i n c l i n a t i o n  t o  f o s t e r  technology t r a n s f e r ,  

and is soon engaged i n  another research p ro jec t  f o r  developing another model 

t h a t  w i l l  not be used. 

The p r a c t i t i o n e r s  - those engaged i n  solving water resource problems 

on a day-to-day b a s i s  - genera l ly  have resources t o  use only those  models 

t h a t  a r e  proven and well-supported. The p r a c t i t i o n e r  t y p i c a l l y  has l i t t l e  

t i m e  o r  perhaps i n c l i n a t i o n  t o  search f o r  b e t t e r  tools t h a t  a r e  probably 

poorly documented and f o r  which t r a i n i n g  and ass i s t ance  a r e  not  avai lable .  

The gap between development of state-of-the-art models and app l i ca t ion  

of such models f o r  solving water resource problems is  bes t  bridged by 

organizat ional  u n i t s  t h a t  a r e  designed s p e c i f i c a l l y  f o r  t h a t  purpose. 

The s t a f f  of such u n i t s  should include s p e c i a l i s t s  who s t a y  abreas t  of new 



technology emanating from t h e  research community and the  current  modeling 

needs of p rac t i t ioners .  Capab i l i t i e s  should e x i s t  to :  

IB disseminate information on model a v a i l a b i l i t y  t o  p r a c t i t i o n e r s ,  

and on modeling needs t o  the  model d e v e l o ~ e r s ,  

e t e s t  and evaluate models, 

e enhance models t o  make them user-oriented and t ranspor table ,  

s prepare documentation, 

brovide user  a ss i s t ance ,  

e provide t r a i n i n g ,  

a, perform maintenance a c t i v i t i e s ,  and 

e provide guidance t o  model developers on t h e  design of models 

f o r  u s a b i l i t y  and t r anspor tab i l i ty .  

I n  order t o  insure  t h a t  model s p e c i a l i s t s  remain cognizant of t h e  

modeling needs of p r a c t i t i o n e r s ,  p ro jec t  appl ica t ion of models should 

be p a r t  of t h e  assigned r e s p o n s i b i l i t i e s  of an organizat ional  un i t  f o r  

technology t r ans fe r .  Federal agencies concerned with water resource management 

a r e  l o g i c a l  candidates f o r  e s tab l i sh ing  such un i t s ,  However u n i t s  should 

be designed and funded s o  t h a t  se rv ices  can be u t i l i z e d  by v i r t u a l l y  a l l  

segments of t h e  profess ional  community concerned with water resource 

management. 



MODEL IMPROVEKENT AND MAINmNAN CE 

Most water resource models t h a t  a r e  used on a day-to-day b a s i s  a r e  

dynamic i n  t h a t  they undergo continuous change, Changes a r e  made t o  cor rec t  

e r r o r s ,  increase  computational e f f i c i ency ,  add new c a p a b i l i t y  o r  modify 

input  o r  output  s t ruc tu res .  An e s s e n t i a l  aspect  of model improvement and 

maintenance is  t h e  process of implementing and t e s t i n g  such changes, and 

disseminating them f o r  incorporat ion i n  e x i s t i n g  copies of t h e  model. 

Other aspects  include t h e  i ssuing of copies of t h e  model t o  new users  and 

the  updating and disseminating of model documentation. 

The l i f e  cycle  of a complex water resource model has severa l  s tages .  

After  i n i t i a l  development, a model t y p i c a l l y  has l imi ted  capab i l i ty ,  contains 

bugs and may be i n e f f i c i e n t .  Following a comprehensi.ve program of t e s t i n g ,  

v e r i f i c a t i o n  and f u r t h e r  development, which may include control led  usage 

by a s e l e c t  group of users  who provide feedback t o  t h e  developer, t h e  

model i s  f a i r l y  r e l i a b l e  and is  a t  a s t a t e  where it can be made ava i l ab le  

t o  p rac t i t ioners .  A s  use of a model grows, more e r r o r s  a r e  found and t h e  

need fo r  enhancing the  model's c a p a b i l i t i e s  becomes read i ly  apparent,  The 

improving of a model's c a p a b i l i t i e s  may continue f o r  many years ,  i n  which 

case t h e  model w i l l  pe r iod ica l ly  undergo complete rev i s ion  with major 

addi t ions  t o  capabi l i ty .  Al ternat ively ,  a f t e r  a period of usage the  model 

may remain r e l a t i v e l y  unchanged, i n  which case use w i l l  eventually terminate 

when super ior  models become avai lable .  

Changes t o  models should be developed only by persons who have a 

comprehensive knawledge of t h e  i n t e r n a l  s t r u c t u r e  of the  model. Whenever a 



model is modified, i t  should be subjected t o  r igorous t e s t i n g  t o  insure  

t h a t  a l l  components of t h e  model remain sound. A systematic procedure 

should be es tabl ished f o r  informing users  of model de f ic ienc ies  a s  they 

a r e  discovered and of measures required t o  cor rec t  the  model. Model 

improvement and maintenance a c t i v i t i e s  should be cen t ra l i zed  f o r  the  

following reasons : 

(1) A cent ra l ized f a c i l i t y  provides a foca l  point  f o r  receiving 

information on model de f ic ienc ies  o r  on des i red  improvements. 

(2)  It i s  genera l ly  much more e f f i c i e n t  t o  develop and t e s t  changes 

a t  a cen t ra l i zed  f a c i l i t y  and disseminate them, than it is f o r  

users  t o  individual ly  develop such changes. 

(3)  A cen t ra l i zed  f a c i l i t y  is a source from which up-to-date copies 

of a model can be obtained. This helps t o  reduce, i f  not  e l iminate ,  

t h e  p r o l i f e r a t i o n  of spurious model vers ions  t h a t  contain poorly- 

t e s t e d  modifications. Also consistency and c r e d i b i l i t y  of model 

app l i ca t ions  a r e  enhanced when e s s e n t i a l l y  i d e n t i c a l  copies of 

a well-maintained model a r e  used. 

An important aspect  of model improvement and maintenance i s  t h e  updating 

and dissemination of model documentation. A s  model c a p a b i l i t i e s  change, t h e  

manuals describing how t o  use the  model must be revised. This is o f ten  

accomplished with user  manual supplements i n  the  case of minor changes. 

However when a model undergoes major revis ion,  completely net? documentation 

is general ly required. 



Consider t h e  following desc r ip t ion  of model improvement and maintenance 

se rv ices  provided by t h e  Hlydrologic Engineering Center a s  an i l l u s t r a t i o n  of 

t h e  mechanics of  providing such services.  When a request  f o r  a model is 

received,  the  requestor  is s e n t  a magnetic tape  containing a copy of  t h e  

model and a set of s tandard t e s t  da ta  with which t o  v e r i f y  proper i n s t a l l a t i o n  

of t h e  model. A copy of documentation is  supplied with t h e  tape. When t h e  

model is subsequently modified, t h e  requestor  w i l l  automatical ly receive  

d e t a i l e d  i n s t r u c t i o n s  on how t o  implement the  model changes, Also n o t i f i c a t i o n  

w i l l  be s e n t  when a revised version of the  model, and/or new model documentation 

become avai lable .  There is no d i r e c t  char3e f o r  t h i s  se rv ice  t o  requestors 

from f e d e r a l  aovernment agencies. A nominal charge (general ly $120 per  tape) 

i s  made t o  a l l  o the r s  t o  cover cos t s  f o r  mate r i a l s  and handling. 

Model improvement and maintenance should be an i n t e g r a l  p a r t  of an 

organizat ional  u n i t  concerned with technology t r a n s f e r ,  the  functions of 

which were discussed i n  the  preceding sect ion.  The key t o  e f f e c t i v e  model 

improvement and maintenance, a s ide  from t h e  mechanics f o r  model d i s t r i b u t i o n ,  

is t h e  a v a i l a b t l i t y  of h ighly  q u a l i f i e d  s p e c i a l i s t s  who have o r  who acquire  

a comprehensive knowledge of the  water resource models t o  be supported. 

It would probably be very d i f f i c u l t  t o  a t t r a c t  and r e t a i n  such a s t a f f  i f  

model improvement and maintenance were t h e i r  only task,  It has been the  

experience of t h e  Hydrologic Engineering Center t h a t  a highly qua l i f i ed  

group of s p e c i a l i s t s  can r e a d i l y  be re ta ined i f  h d i v i d u a l  assignments 

include a s u i t a b l e  mix of t a sks  t h a t  include research,  user  a ss i s t ance ,  

p ro jec t  app l i ca t ions  and teaching i n  addi t ion  t o  model improvement and maintenance. 



Investments t h a t  a r e  made i n  model development can be  l a r g e l y  

wasted i f  model improvement and maintenance support is not  a v a i l a b l e  t o  

take over a f t e r  i n i t i a l  development is completed. Unfortunately the  need 

f o r  such support has been overlooked t o  a g rea t  extent  by those who i n v e s t  

i n  model development, perhaps because of a l ack  of awareness of t h e  

i n e v i t a b l e  process of cont inual  change t h a t  any well-used model w i l l  

undergo. 

EDUCATION OF MANAGERS/DECISION MAKERS 

Managers a r e  responsib le  f o r  con t ro l l ing  t h e  manner i n  which so lu t ions  

t o  water  resource problems are achieved. It i s  the re fo re  important t h a t  

they be  well-informed wi th  regard t o  both t h e  r o l e  of models and of 

appropr ia te  approaches t o  model u t i l i z a t i o n .  Yanagers should be cognizant 

t h a t  : 

(1) Hodels a r e  only tools .  !&en used properly,  they can be  a very 

valuable ,  o f t e n  indispensable,  a i d  f o r  so lv ing problems. Rut t h e r e  

is  p o t e n t i a l  f o r  misappropriate applicati.on. 

(2) Models should be  t a i l o r e d  t o  the  problem, not  t h e  problem t o  t h e  

model, A c l e a r  understanding and d e f i n i t i o n  of t h e  problem is a 

c r u c i a l  f i r s t  s t e p  i n  problem solving.  



( 3 )  Models invar i ab ly  have a d i s t o r t e d  view of t h e  r e a l  world. Care 

must be exercised t o  a s c e r t a i n  t h a t  the  e s s e n t i a l  c h a r a c t e r i s t i c s  

of  t h e  r e a l  world a r e  being preserved i n  model a ~ p l i c a t i o n .  

( 4 )  Evaluation of the  s e n s i t i v i t y  of r e s u l t s  t o  various assumvtions 

about the  charac ter  of the  r e a l  world is an i n t e g r a l  p a r t  of 

problem solving. 

( 5 )  Models can be f a u l t y  and can produce erroneous r e s u l t s .  Rigorous 

v e r i f i c a t i o n  (where noss ib le)  and review of model r e s u l t s  should 

always be made t o  insure  reasonable, cons i s t en t  problem solut ions .  

Training courses and seminars a r e  l o g i c a l  mechanisms f o r  s e n s i t i z i n g  

managers t o  proper model u t i l i z a t i o n .  Perhaps such courses a r e  b e s t  geared 

t o  t h e  o v e r a l l  approach t o  problem solving r a t h e r  than t o  cons idera t ion  of 

model usage a s  an end i n  i t s e l f .  This w t l l  he lp  t o  assure  t h a t  the  r o l e  

of models is  kept  i n  proper ~ e r s p e c t i v e .  Case s t u d i e s  i l l u s t r a t i n g  

appropr ia te ,  and a l s o  i n a ~ p r o p r i a t e ,  model usage would be a va luable  component 

of such courses. 

Organizat ional  u n i t s  f o r  technology t r a n s f e r  should provide s e r v i c e s  

t h a t  a r e  geared s p e c i f i c a l l y  f o r  meeting t h e  needs of managers. I n  add i t ion  

t o  conducting s p e c i a l  seminars and workshops, t h i s  can include wreparation 

of m i t t e n  guidance on proper model u t i l i z a t i o n .  Also case  s t u d i e s  t h a t  

a r e  w r i t t e n  from t h e  manager's point  of view would be valuable ,  a s  would 

r e p o r t s  t h a t  provide succ inc t ,  concept-oriented summaries of t h e  c a p a b i l i t i e s  

and l i m i t a t i o n s  of models t h a t  a r e  ava i l ab le  f o r  so lv ing s p e c i f i c  types 

o f  water resource problems. 



The knowledge t h a t  mode1 s p e c i a l i s t s  have of model c a p a b i l i t i e s  and 

of procedures f o r  applying models is an important resource t h a t  should 

be a v a i l a b l e  t o  managers. Advisory se rv ices  provided by model s p e c i a l i s t s  

can help assure  t h a t  models a r e  used appropr ia te ly  and can have a major 

impact on t h e  manner i n  which a so lu t ion  t o  a water  resource problem 

i s  a t ta ined.  

The knowledge t h a t  managers have of cu r ren t  water resource problems 

and needs is  a unique and valuable  resource t h a t  should be d r a m  upon by 

both those  who develop models and those  who inves t  i n  model development. 

Appropriate use of t h i s  resource would he lp  t o  circumvent the  developing 

of models f o r  inconsequential  problems, o r  models t h a t  r equ i re  d a t a  

(as input)  t h a t  is seldom o r  never ava i l ab le .  Organizat ional  u n i t s  f o r  

technology t r a n s f e r  should c r e a t e  forums t h a t  f o s t e r  much needed comnunication 

between managers and those  concerned with model development. 

S W A R Y  AND CONCLUSIONS 

The i n i t i a l  development of a water resource model should be  regarded 

a s  j u s t  one phase of an extensive process f o r  enabling e f f i c i e n t  and 

e f f e c t i v e  app l i ca t ion  of t h a t  model by p r a c t i t i o n e r s .  Lack of recognit ion 

of t h e  necess i ty  f o r  t h e  o the r  phases of t h i s  model support process r e s u l t s  

i n  wasted investments and deprives p r a c t i t i o n e r s  of p o t e n t i a l l y  va luable  

t o o l s  with which improved so lu t ions  t o  water resource problems could be  

obtained. Speci f ic  consequences of l ack  of support a r e  l i s t e d  i n  t h e  i n t r o -  

duction t o  t h i s  paper. 



A number of  aspects  of t h e  model support process have been described 

under t h e  top ics  of q u a l i t y  con t ro l ,  technology t r a n s f e r ,  model i.mprovement 

and maintenance, and education of managers/decision makers. The support  

a c t i v i t i e s  described are not  hypothetical .  Most a r e  present ly  being 

prac t iced  by t h e  Hydrologic Engineering Center i n  support of water resource 

models used by t h e  Corps of Engineers. m e  widespread and successful  

usage of models supported by t h e  Hydrologic Engineering Center a t t e s t s  t o  

the  e f fec t iveness  of  t h e  support a c t i v i t i e s .  

Subs tan t i a l  investments, i n  terms of d o l l a r s  and s k i l l e d  s p e c i a l i s t s ,  

are required f o r  e f f e c t i v e  model support.  A main t h e s i s  of t h i s  paper i s  

t h a t  such investments a r e  bes t  made i n  cen t ra l i zed  organiza t ional  u n i t s  

t h a t  are designed t o  perform t h e  whole a r r a y  of support a c t i v i t i e s  described 

here in ;  including model evaluat ion  and enhancement, prepara t ion  of documentation, 

use r  a s s i s t a n c e ,  maintenance, t h e  conducting of  t r a i n i n g  courses and seminars, 

e t c .  The o rgan iza t iona l  u n i t  should a l s o  be  involved i n  p r o j e c t  a ~ p l i c a t i o n s  

s o  t h a t  model s p e c i a l i s t s  acquire  a f i r s t h a n d  knowledge of p r a c t i c a l  app l i ca t ion  

of models. Support a c t i v i t i e s  should be combiked because the re  is  s i g n i f i c a n t  

overlap i n  the  knowledge and s k i l l s  required t o  perform them. Also t h e  mix 

of funct ions  provides a means f o r  job enrichment f o r  a t t r a c t i n g  and r e t a i n i n g  

a cadre of s k i l l e d  s p e c i a l i s t s .  
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