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Computer Models

..getting more out
than you put in!
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o ‘.. (only one type
e < = of model)
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webinar trajectory... == ONRCS

1) expansive view
of models

2) computer
models

3) approaches to
get the most out of computer modeling



What is a model?

A model is:

an anthropogenic system or object,
created to represent a subset of reality,
often (but not always) to scale,
and useful for...

...explanation, prediction, and control
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physical vs. mathematical

Most models are not physical.

“thought experiments”
are models too.
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What about ideas?

Everything we are thinking

is some type of model!



({4 )
never one to one

No model, map, or idea has a
one to one relationship with reality.

Some stuff is left out!

Which is ok, if...
...nothing important has been left out!



We judge models the same way we judge ideas.

Do they “work™?



human nature

Models
that do not
correspond
very well
with reality

are usually not [ o\
very reliable! N\
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Google “Model Dependent Realism”

Stephen Hawking and Leonard Mlodinow,
“The Grand Design” 2010.




homework...

from The Grand Design:
“We make models in science,

but we also make them in everyday life.
Model-dependent realism applies

not only to scientific models

but also to the conscious mental models we create

in order to interpret and understand the everyday world.”
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Grace Hopper

(who coined
the term
“debugging”)
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computers vs. human nature == ©NRCS
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computers vs. human nature

“It may be ‘garbage in, garbage out’..”

“...but my input is never garbage!”



computer models

How do you know
what a computer model is good for?

Need to understand roles of:
developer
user
customer (beneficiary)

Also, if you are the user:
have a good “conceptual model”
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Developer

1.\

User K__ 3 Beneficiary




computer models

Developer
creates it: cooperation between
content experts & programmers
User
runs it:  gathers input data,
assembles model pieces,
interprets output
Customer/Beneficiary
applies changes:  to solve problems



computer models

developer

(programmer & content expert)

creates

conceptual
model

computeD
model

makes ..
] beneficiary

applies
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Model user and customers




developer / user relationship

...every model is, to some
extent, a black box.

The responsible developer
provides the user with a
valid “conceptual model”

through interface, instructions,
or user manuals.



developer / user relationship

developer conceptual
model

plain English

‘ explanations

user

computer model




homework.

check out
“The Design of Everyday Things” ' &

by Don Norman, 1988
(or Google him!)



developer / user relationship

The user can get mixed up if the developer:
1) provides no conceptual model
2) one that is incorrect or misleading

3) one that is unnecessarily complicated



developer / user relationship

| The developer
should provide a good
conceptual model, but...



developer / user relationship

...the user does bear
some responsibility!




model complexity

Let’s say, simple, medium, and complex...
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Let’s say,medium, and complex...

input (not much needed, easy to get)

N
«D

output (just pops out)
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Let’s say, simple, and complex...

input & input

(more needed, not always easy to get)

\
<«

output & output

(may need interpretation)




model complexity

Let’s say, simple, medium, and.

input (lots needed, often hard to get)

N

user combines pieces,
depending on complex
processes of interest

output

(model might “blow up”, output may need much interpretation)



[ ]
The software structure (s'ubmmmej of CLM. Each

| lines rep.resentlr.lg _ circle represents an individual subroutine with the

module interactions o area of the circle showing the time spent on the

3 - subroutine with linear representation. Image credit:

Wang, D. et al., "Environmental Modeling and
Software” 55 (2014).
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hydrology

(rainfall-runoff)
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FY WinTR-20 Identifier: Current File - HAWinTR20\Denton_MD.inp =N Bl <™
Help

WinTR-20 System
Controller / Editor

Click Data Section Name to Enter Data
(X indicates some data entered for section)

File View Run

DimarmEW'E&Unit Hydrograph:

obal Output:
Input Hydrograph:
Rainfall Distribution:

Stream Cross Sectio
Stream Reach:

X Storm Analysis:
Structure Rating:
Sub-Area;
WinTR-20 Identifie
erification:

ProCcesses to

be modeled
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. HEC-HMS 4.2.1 [FAdataDmooreDrive\projectsOlder\newMexico\ 201 2fires\ 201 3floods\HMSwhitewater\WhitewaterCreek\WhitewaterCreek.hms]

File Edit V] Components Parameters Compute Results Tools Help

=B S = & & P A --None Selected— + :--None Selected-- ':51?3 ] B &
/ |
/ W.h_terCrIek &) Basin Model [WhitewaterCk preFire kWave] E=RIECE X4

. Meteorologic Models

. Control Specifications
. Time-Series Data
- | Paired Data

H

15 G0l Dust Guleh

., locAbvGane

locABYSES, | locBlwinn
&, locAbvAinn

suite of
modeling tools

Components
[ Compute | Results | 6 ool

., locAbvlipsey

2ErctSkel

locAbvDeerOutiet

) (S
‘ﬂﬁ[‘)? NF Deer i 106A
‘%:‘ ' s, EFalk
reek s JocAbLilhey SF Deer .

1=+

1Sty Black Fork

3_______@, SE Fork

o lochidLittieiiiy jctSEfork

rchBlwSFupper

locAbvSEfOrk

= SF upper




#Z: HEC-HMS 4.2.1 [FA\dataDmooreDrive\projectsOlder\newMexico\ 201 2fires\2013floo

File Edit View Components Parameters Compute Results Tools Help

DSBS e $

The user
decides the
best way to
model each
process.

%{j Whltewaterck preFire kK\Wav
/" &

: L_'. Simple Canopy
- Simple Surface
- I3 Green and Ampt
- ~[IF5 User-Specified 5-Graph
\ - -[E Recession
w15 Baldy Fork

& rchAbvLipsey
+ 1 Lipsey

+2m locAbvLipsey
P jctlipsey
+1A rchBlwLipsey
+15n locAbvSnotel
+1%n Snotel Creek
-5 jctSnotelCk
+&+ rchAbvGrouse
+hifa Grouse

m

Compute | Results|

Components

% & |--none Selected—- *

) Basin Model [WhitewaterCk

1% Subbasin | canopy | Surface

Loss Transform | Baseflowr | Options

Basin Name: WhitewaterCk preFire kWave
Element Name: Black Fork

*Initial Content: 0.2
*Saturated Content: |0.42
=Suction (IN) 4.33
*Conductivity (IN/HR) 0.86
“Impervious (%) |0.0




hydrologic model application

keys to success

The responsible model user will:

Learn how the model works by reading and
understanding user manuals,

Get training, if needed,
Interact with other users and support teams,

Be organized and document model use.



hydrologic model troubleshooting

Second, build & test the model incrementally...

With a complicated model,
don’t build the whole thing
before running a single test.

Make a simple version work, and
add complications one at a time,
testing as you go.



hydrologic model troubleshooting

Third, use Occam’s Razor...

Look first for the simplest explanation
to a problem

before assuming
a more complicated explanation.



a good reference (HMS user manual)

L HEC-HMS Technical Reference Manual (SECURED) - Adobe Acrobat =N
File Edit View Window Help x
E}' Open | ﬁ Create ~ ‘ =1 @ % @ ‘ {ﬁ} Ly @ & @ Customize - | "
*) (@) [14]rus | IN [ | =) @ [125% [-] | Tools | Fill &Sign | Comment
(O | Bookmarks . -
What is a Model?
v
P preface Hydrologic engineers are called upon to provide information for activities for a YE

[P Chapter 1 - Introduction of water resource studies:

N (=[O |

¢ Planning and designing new hydraulic-conveyance and water-conti
facilities.

¢ Operating and/or evaluating existing hydraulic-conveyance and wa

[P state Variables control facilities.

¥ parameters ¢ Preparing for and responding to floods.

¢ Regulating floodplain activities.

In rare cases, the record of historical flow, stage or precipitation satisfies the

=P : . .
Models and Computer information need. More commonly, watershed runoff must be predicted to prov

E;mgrams the information. For example, a flood-damage reduction study may require an
iz estimate of the increased volume of runoff for proposed changes to land use in
[F Program watershed. However, no record will be available to provide this information bec

t taken place. Similarly, a forecast of reservoir inflow ma

s
Cﬁf‘::h More good reading aleasas i['[F[a tronical storm altars its course and movas nrv -

™




NRCS Models

An overv1ew of several NRCS models

from an e%xperlenced modeler:
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Water Quality Index for Agricultural Runoff

File Edit Wiew Favorites Tools Help

For assessing the impact of crop S it

production systems and conservation e o M— ’
ractices on environmental benefits— W AR g |

P /V’\f:lter Quality, In(lej(v_lr

primarily runoff water quality.

Runoff Water Quality Index Version: 1.0.5 Date: 7/05/2012
Site Information * Required
*State:| Arizonz - "Eountv:l Greenlee - I HUE:‘ |

NRCS Field Staff and TSPs and other e e —

WQ! WEIGHTING
RANKING FACTOR WEIGHT

FACTORS DESCRIPTION

federal, state and local agencies e prysica senity Factrs

Slope (%) Get Slope Interaction (2% to 5%)

HS group (B - moderately low runoff potential) 8.00 0.25 2.00

. . . . K-factor (0.21 - 0.32 moderate erodibility) 8.00 0.25 2.00
Understanding of field characteristics and o comten{ -5 2 e o s
Rainiall,l’VeglGet Rain / Wegetation Interacticn J 6.00 0.25 1.50

agricultural operational management

MNutrient Management Factors

Application ratel LGU recommendations 5.00 0.25 1.25

including conservation practices N e 08 v 3veie o e - B
7
|

E%E:"Zrc d[g,, thetic fertilizer, pre-growing season 2.00 0.25 0.50
S::::Iﬁ:nr;?;t'o "rl Dryfwell drained, N fertilizer, broadcasted 6.00 0.25 1.50
0.25 1.44
Th e I n Itla I We b-based Syste m used a n d Lllageplt\‘!ana}gement Factors
prbas | No Till or STIR value < 30 ~| 1000 1.00 10.00
adopted by several agencies. The new T

Descriptiunl Follow IPM - Suppress using Chemicals and Mitigation - J 7.00 1.00 7.00

spreadsheet version is under

Irrigation Management

d eve I O p m e nt Description| No irigation (0%) - |

Runoff Water Quality Index (WQILag) 7.44

Conservation Practices




Animal Waste Management System

USDA
= |
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Planning/designing/evaluating
waste storage structures for
animal feeding operations

NRCS field engineers and TSPs

A good understanding of the
operation including regulatory
requirements of waste storage

periods and application timings

o AWM eI TR (] | %m0 [ 2] | content (1) Attendess(2) Yoice®Vidso QBA Mesting Recordng | @ Ee Currently Sharing

Fle Edt Data Yiew Took Window Help
* -
g o nr . G
Start Climate Animals Locations Additions Ruroff gk Train Design Caleulatar  |Manuretaster

“a Design Waste Storage Structures.

Storage Pond #1 | Diy Stack (Uncavered) #1 | Anaerobic Lagoon #1 | Diy Stack (Covered) #1 | Storage Tank #1 |

Input Data
Shepe: Rectangle -

Tatal Depth 0.8 ft

Input Dimension: | Bottom Width  ~
BotemWidh  [100.0 ¢
Pemanent 4dd1  [spppp

Storage: anil
1.0 it
Sideslope Ratio

Freeboard

Max. Storage Yolume Method
" Defing Withdrawal Months
¢ Define Storage Period

5

Storage Period:

‘Water Budget (1000 cu ft)

Waste

Cross Section

Critical Months: Oct - Mar  Bot'wxL:100.0x87.9 Top'w x L 16481527 ft

Facility Options
W Include Seil Liner Edit [~ Include Ramp

® e B EEC E = e ®

TL=152.7 Rt

— —

I Freeboard = 1.0 ft

Depth of 25 Yr. 24 Hr. Storm Event = 4 in

25 Y1. 24 Hr. Storm Evert Runoff= 76 cu. ft 0.00 ft

Depth of Precipitation - Evaporation = 2.26 ft. 56861 cu ft

Volume of Manure, bedding, wash water,
flush water, normal runoff, and extermal = 36295 CF
storage {if any)

Permanent Additional Storage = 50000 CF

1,5n4 N

BL=87.91t !

Prec-Evap

Extemn Prec

Storage Volume 18.47

I

5/4/2003 S06 AW
AR D
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Manure Management Planner

C re a ti n g m a n u re JManure Management Planner - IN-Pigl. mmp

m a n a ge m e nt p I a n S fo r C ro p General | Fields | 8ol Tests | Crops | Storage | animals | Rations | Analysis | Equipment | Nutrient Mrit
production for animal feeding ... ———
operations

NRCS field engineers and TSPs

Mates |2DD sow farrow-to-finish, 100% occupancy rate, 20-acre subfields.

County ICarroII j
Starting Year |2DD2 Starting Month ISeptemher VI Years In Plan |3

A good understanding of
field crops and their nutrient

requirements /appropriate el el lrl e [0
timing of applications




NTT

Nutrient Tracking Tool R

b Tarlaton State University

FTIAER,

Feedback

Comment on the Nutrient
Tracking Tool

b Report a Problem with NTT

" Home | Hel : About NTT : CanectUs
Home  Soil ~ Management  Verify  Reports

Nutrient Tracking Tool - Version 0312

Instructions: There are four initial choices to start a project: 1) Select the "Soil Survey Map" option to
start & project by selecting an area of interest using the Web Soll Survey mapping system; 2) Select
the "Specific Soll" option ta start & project by selecting an area of interest by state, county, and
dominant soil; 3) Select the "Upload Existing Project” option to upload a previously saved NTT project;
and 4) Select the "Upload an Example” option, to access one of the several pre-loaded NTT examples,
for illustration purposes.

For more infarmation and help about the Nutrient Tracking Tool use "Help” aption throughaut the
pragram

‘ Soil Survey Map‘ ‘ Specific Sol ‘ ‘Upload Existing Project‘ ‘Up\oad an Example‘

= ON RCS

Umted States Department of Agnculture

Estimating change (delta) in crop yield,
nutrient (N&P) and sediment losses
for current and alternative
management/conservation practice(s)
scenarios for resource planning and
generating water quality credits

Primarily for TSPs and other entities
involved in water quality credits for
environmental markets

Basic GIS knowledge and
understanding of input requirements
and interpretation of the reports



NTT Conceptual Framework & yp. ONACS
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Its Complexities T

A complex framework with
a linkage to a very
= WeD-Serves "= sophisticated model (APEX)

Hresliosted ¥ Several possibilities for
— error intrusions:

e Collecting user-input data

e Translating user-supplied and
other input data into APEX
input files

e Properly and successfully
running the APEX model with
dynamic and static input files

* Analyzing APEX output files to
prepare and present NTT
reports




Making the Best of a Model == ONRCS

Understanding its framework, strengths and limitations
Reliability and accuracy of the input data and their sources

Accurately transforming input data from their source into
the format acceptable to the model

Stability and accuracy of the model judged through
i. Verification
ii. Sensitivity Analysis
iii. Calibration
iv. Validation

Analysis and interpretation of the model output results



Making the Best of a Model == ONRCS

wvatl

Problem
Situation

Verification :
Aprocessof (I gpecitcaton) | £
demonstrating the I 5
e @
formalism of the “Model” 2: ;P
E :-,’ Implementation 4
1S correct §'a| (Program Codo)

I

‘ —— *
Developer responsibility Ewdjt&m




Making the Best of a Model

A process of estimating and adjusting parameters and

Calibration / Parameterization

constants of the “Model” to improve the agreement
between its output and the real life observations

Water Surface Elevation

Uncalibrated Model

@ Measured
— Wodeled

o~

"-\.M.\H
\ L
\ =1 .

o, T

Time

Water Surface Elevation

Calibrated Model

® Maasured
— Modeled

Time

Developer/User responsibility




Sensitivity Analysis

A process of studying

" 2 how the uncertainty In
Feee] the “Model” output can

- | ——0oo | be apportioned to

— 4 | different sources of

N uncertainty in its input
data

It’ccdhﬂcks on input data and model I":-lcmrs|

User responsibility



Making the Best of a Model =.

Validation

A process of demonstrating
that the model possesses a
satistactory range of accuracy
consistent with its intended
application within its domain

of applicability

Environmental
Data, e.g. TMY

<

System Description

<

System

Description

Model

y

y

Measured Modeled

Output

Output

L

Evaluate J




An Example of Model 553 & NRCS

United States Department of Agriculture
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BF-EOF site
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E 35 200
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L}
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A 15 400
10 500
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= — oo o - = [ = = = = = = — oo [ - = =
= = 2 88 2 & =22 2 8 2 2= 2 804 2 &
month

Prcp i ODserved — == 4 e simulated



Improving Models

Reliability

Making Models more Useful...

 Thorough Verification
» Proper Calibration/ ok
Parameterization
* In-depth Validation
 Being aware of the
model sensitivity to
different factors




summary — GRS
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summary

Of the three roles, the model user may be
the most important...

Selecting good models for pertinent uses.
Appling skill: input, output, interpretation.

Being a good presenter to the customer.



summary

How can you get more out of a
computer model than you put in?

As a model user, put more into yourself!

Become a modeling connoisseur!



Finally...

Try to keep the
right perspective!




contact info

Harbans Lal, Ph.D., Environmental Engineer

Dan Moore, P.E., Hydraulic Enginer

NRCS, West National Technology Support Center
Water Quality & Quantity Team
Portland Oregon

harbans.lal@por.usda.gov
dan.moore@por.usda.gov
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