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BACKGROUND

1983 - WMO Intercomparison of Showmelt Models
11 models

1999 - Z-L Yang, University of Arizona Survey of
Snowmelt Models

42 models



STARTING POINTS

e There are no universal models

 Modelsfor different purposes require different
levels of detail and comprehensiveness

« Appropriate model process conceptualizations
are afunction of problem objectives, data
constraints, and spatial and temporal scales of
application



STARTING POINTS

e For agiven set of constraints, improved
distributed models can be created by coupling
the appropriate process conceptualizations



GENERIC MODULAR SYSTEM
STRUCTURE (toolbox)

GIS Parameter

M anagement

SYSTEM
KERNEL Optimization

Process M odules

and M odels
. L Sengitivity
Visualization Analysis

and Analysis
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LEVELS OF MODULAR
DESIGN

PROCESS

MODEL

FULLY COUPLED MODELS
LOOSELY COUPLED MODELS

RESOURCE MANAGEMENT DECISION
SUPPORT SYSTEMS

ANALY SIS AND SUPPORT TOOLS
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CRITERIA AND RULESFOR
GOOD MODULE DESIGN

M odules should

 relate directly to real world components or
processes

 have Input and output variables that are
measurable values

e communicate solely viathese input and
output variables

Reynolds J.F., and Acock, B., 1997, Modularity and genericness
In plant and ecosystem models: Ecological Modeling 94, p 7-16
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EXPLANATION
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Figure 2. Example schematic showing the numbering system of the linked surface-water
and ground-water model.




Ground Water - Surface Water Coupling
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Figure 3. Diagram showing one ground-water cell with stream depicting properties
used in calcuiation of the streambed leakage tor a subreach.




For Fully Coupled M odels or
other Multi-Processor,
Parallel Processing Needs

AWS Etficient |

Coupling of
PARALLEL Pz

j' . .
Awu{aﬂ@u Parallel Scientific
work ¢, Applications

-"'!‘r

SPACE @b Using PAWS

Advanced Computing Laboratory
Los Alamos National Laboratory




LEVELS OF MODULAR
DESIGN

PROCESS

MODEL

FULLY COUPLED MODELS
LOOSELY COUPLED MODELS

RESOURCE MANAGEMENT DECISION
SUPPORT SYSTEMS

ANALY SIS AND SUPPORT TOOLS



MODELED SUBBASINS AND FORECAST NODES

=

Input Model Shopping Basket Data Source VYisualization Help

Friedrich- Schiller-
Universitit Jena

e
Institut i Geograptie Object User Interface (OMS/MMS) E

science for a changing warld

Liobdergraben 32
07743 Tena

select || Zoom

Hierarchical Data Tree

Upper Gunnison Project

@ Basin Definition
¥ Upper Gunnison
<] Y
¥ Streams

® Input Data

O Time Series Stations ‘

@ Spatial Characterization
® Routing Data

3
5 HRUS . £ 1778770.0
o Raster Data
@ Model Data
@ PRMS/RiverWare Nodes ’*
- ESP Traces Discharge
o PRMS Routing

= Other Themes

—943000.0

[4]

Currently Loaded Themes
Single Run Discharge 1] [»
Routing Chanels Tracking
Upper Gunnisen w/Subbasins Gunnison near Gunnison




LOOSLEY COUPLED
MODELS

W ater shed
M odd

Hydraulics Database
M odel

m/ ® Data Management
Interface (DMI)
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ANALY SIS and SUPPORT
TOOLS

Current
Rosenbrock Optimization

Troutman Sensitivity Analysis

Being Added

Shuffle Complex Evolution Optimization
Multi-Objective COMplex Evolution Algorithm
GLUE

Visualization - VISAD



Sensitivity Analysis

(Troutman, 1983)

Sengitivity Matrix (relative sensitivity)
Error Propagation Table

— (5, 10, 20, 50% change in parameter value)

Joint & Individua Standard Errorsin
Parameters

— (measure of confidence)

Correlation Matrix
Hat Matrix

— (diagonal elements are measure of influence a day is having on optimization,
range 0-1)
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CURRENT FOCUSISSUESIN
MMSDEVELOPMENT AND
APPLICATION

ODbjective Parameter Estimation
Incorporation of Remotely Sensed Data
Coupling of Atmospheric and Hydrologic Models

|mproved Hydrologic and Ecosystem Process
Simulation

Development of Tools and Techniquesto
Facilitate the Integration of these Capabilitiesin
Operational Applications



OBJECTIVE PARAMETER
ESTIMATION

Need: To identify most robust models and
parameters for uncalibrated applications
(e.g. land-use and climate change studies)

o Parametersfor spatial and temporal
distribution of meteorological variables

* Process parameters from measurable
basin and climate characteristics
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Precipitation-Elevation Relations
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Precip and
temp stations

XYZ

Spatial
Redistribution

2. Dailly mean PRCP, TMAX, and
TMIN computed for a subset of
stations (3) determined by Monte
Carlo analysis to be best stations

3. Daily station means from (2) used
with monthly MLR xyz relations to
estimate daily PRCP, TMAX, and
TMIN on each HRU according to
the XY Z of each HRU



PROCESS PARAMETER
ESTIMATION
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DIGITAL DATABASES
(1 km? resolution)

Vegetation Type (USFS)

Land Use-Land
Cover (USGS)



STATSGO - Soils Data, 1 km2 (USDA)




[9SDISM SI1D SUl



30T A (AL [lweaed fnusw Tapow weded)

. . - [fweaed frnuaw Tapow weded)
= ..__mmn_M :3ndyng uaq E.m_“:._mmmm:x.ﬂm-n_._...“**a::;...m..m :ulg ejeq weded ‘nuawTTapowTweded)

- ]
Jed’ sWW/a"ads/ |asean/Tan0y/130und/2/] o nesag [ :suoiyaafodd Jo Kauaysisuog £f1dap _._.__m.Lm._u_. sy _Tapou Emmev

S R <
o i8]l Jejame.ded SHH 1sJaRe| AHYTTIONG PUE HISHY 40 AejJaag

153 14adeyg Bl 1531023 ITI95Y | | _| =

:3ndyng ajepdy aaeg Jea|g sSuo|suamigq

T~
13d=J33U | W Uap-A02~me.ded
JajuinTuap-aoameded

|we - juiodgk|od=ne .E_”_m nay m#mnn:.:_m i3.J-JOWRNS " Uap-A0d-meJed
JAaNmNs"uap-A02~me.ded
| }od-eaJe”meded
|we " Adadu] ~we.ed] nuy aJadw | juasdadnJy m za| Im-eaJe"me.ed
| Sa.dJe-ea.de"me.ded

ea.Jde"me.ded

|we " ju)odzR | od"weJed: Ny £353 7Ny

|We- $303-y[ "we.ed] nay nuy~§3027yl}

|me - uleds—dajul |-m.E_”_M nay dajul~ul EW.M | : poylay :

| e * swad-adk)-a00"weJed: nay adRy)~A03

A s
|We " SuB.}-A00K " weJed: nay jougy"ped; | -

|me.Jajul :u:mu::au::m;m& nay uy :n_._m_u:aum

|me* Lmuuzwncm_un_:au:-fmnm ny -=W|=m_u>=u.m

L LR [Tha T N _nwusmnmﬁm nay KER™ Y234 | _nmm

|me " 3dnyxay-| _awuam._m& nJy aIn}xay"| _amm

|mE 1S 10m=| _amusm.ﬁ& nay ZEM}S10W”| _nw.M

[medj m::m;mnm nay ado| wn:.E.m T300H4DL
|We "} j-pan-a|a weJed: nay adlaTnayl | za-SHtd
| I T

|We " Sa4oe-ea.e Re.ed nay eadenJy | peo

[we-je|-|dpeJ weJed: jdped 18|~ |dpe.

|we ado| s- | dpeJ weJed: jdped ado | s™|dpe.

_-m.wumnwmn_nuf:-mgm& |dped H.umnmmn_n_um._m T e

|we- | dpeawe.ed] nay  dpeanau

|we - weauszk|od"weJed: nay wea.} St

1|
|
|
=
=
=
=
=
d
o
=
=
o
=
=
|
=
=

HEEl Sl Bl ELa Bl wbe BlaE Bl BTl B Bl T

|We " saJoe-ea.e " weed: uiseq eaJe~u| seqi

mmc;ummmemsm.c_m.n_

2FZ8L G OPLL 9~ Ap'xp

$40/up aAl}1oeJdajur poy}ay uo|suamig amey Jajameded 78770 6 TFERT'T :R°X

S0E4427U] UOTIEZTJajanEde]




IMPUTS

Air Precip itation Solar
temp erature radiation
Evapotranspiration ‘
E vap oration -
- Sub limation Interception
Thrnuthall
Y
al - - Snowpack E cati
Sublimation vaporation
Snowvim el
Surface
¥ i noff -
Impervions-zone
reservrair
Surface
¥ rumoff
Evaporation
Recharge zone .
Transpiration Soil-zone
—— Lower zone reserwair
Tranzpiration |
Soil zone
eXCe3s
A
Subsurface
rec harg e
Subsurface Suhsurface
reservoir How
Ground -w ater Gro und-water
recharge rec harge
Ground water reservoir Ground-water
How J
Gmund—vlater Stream flo w

¥

sink

USGS
Precipitation
Runoff
Modeling




PRMS Parameters Estimated

9 topographic (slope, aspect, area, X,y,z, ...)
3 soils (texture, water holding capacity)

8 vegetation (type, density, seasonal
Interception, radiation transmission)

2 evapotranspiration

5 Indices to spatial relations among HRUS,

gw and subsurface reservoirs, channel
reaches, and point measurement stations



MODEL PARAMETER ESTIMATION BASINS




BUREAU of LAND
MANAGEMENT

Tools for the Assessment of Environmental
lmpacts of Alternative Forest-Management
Strategies

Oregon Coast Range

Initial system based on the findings of John
Risley, Oregon District, WRI 93-4181



SNH311vd
daNvVadnisid

TVHNLYN
D,

22 ) e NOILY3LOUd

L ._ LVLIgvH

§ 7 WNWIXYI
w

NOILONAOYd

43 amiL

WNINIX VI

SISATVNY dJHSHILVM
NOYHd NYILIVd TVILINI

SOINVYNIDS
INTFWIADVNVYA
W3 LSASODT



HRU Parameter Assignment

using the GIS Weasel

= GRID

Set Pre- Calibrated Parameter Values

X, ¥ 7.28346,5.08120

dx,dy: -1.25492,0.08612 dist: 1.25787

ot
R
o

R
S

This menu allows you to assign each HRU to categories
establizhed by "Use of A Precipitation-Runoff Hodel For
Simulating Effects of Forest Hanagement on Streamflow in
11 Swall Drainage Basins, Dregon Coast Range”, USGS
Mater-Resources Investigations Report 93-4181, by John
Risley.

Risley’'s calibrated values for wany paramete
be associated with HRUs based on the your as
each HRU to a category,

Cover Type:

.. | COVEr type

Clear cut (completely harvested wfin 2 years)

PGY = Partial Growth, Young (clearcut ?-15 years ago)

PGD = Partial Growth, 0ld (clearcut 15-30 years ago)
C = Conifer (clearcut more than 30 years ago)
HC = Hardwood-Conifer (clearcut wore than 30 years ago)
CH = Conifer-Hardwood (clearcut wore tt
6 = Grass -
[:Ia!”Sand Luall
Soil Depth:

Zhal qul IHuderate Deeel
Shallow = 1-20 inches -
Hoderate = 20-40 inches
Hoderate = 40+ inches ml

Press the Apply button to assign HRU cover 1 .

according to the settings currently specified on this wenu.

Use the left wouse button to select an HRU.
Use a non-left wouse button (over the map) to return control to this
menu.
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File Model Shopping Basket Visualizaton Help
Friedrich- Schiller-
% Universitit Jena

Institut fir Geograghie Object User Interface (OMS/MMS)

Lehrstuhl Geoinformatil
science for a changing world

Lobdergraben 32
07743 Tana C
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Select Zoom : =

Hierarchical Data Tree
Upper Gunnison Project
@ Basin Maps

Reservoirs
& Upper Colorado (Region 14)

Colorado Counties ’

bata Chimp a USGS - :
= i HEESES
Aspect science for a changing world

@ PRMS /{Route Model Data
@ Time Series

.
o enatial MMS Input File Name: |,'home,'mms,work;inputfdatajchimp.dat Dﬁa etrl a/al

@ Data Sources
% Web Sources Data Description: Creared by Data Chimp

Start Time: [1980-01-01

Min Temperature » . »
Observed Daily Stream Flow End Time: |1980—12—31 | r&l pl I On,

@ HDB SLC

Station Mame | Station D [ URL Data Typels)
EUTTE 04040506L11% climate.usu.edu precip tmax

CRESTED BUTTE 040405 195302 climate.usu.edu nrecip tmax I em erat re
MNORTH LOST TRAIL 040405 07K01S climate.usu.edu precip tmax 3
SCHOFIELD PASS 04040507K115 climate.usu.edu precip tmax

Streamflow, ...

Currently Loaded Themes
Streams
Upper Gurnnison -
Max Temperature
Precipitation
Elevatian
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GUNNISON RIVER BASIN LOCATION

Upper Colorado
River Basin

Gunnison
River Basin




SUBBASINSWITH CONCURRENT
STREAMFLOW AND SATELLITE DATA

Cochetopa Creek



% Cochetopa Creek
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Taylor River

: T :
10/19/1989
basin_cfs[1]

Options

Close
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Percent Basin in Snow Cover

East River East River

Percent Basin Snowcover
Percent Basin Snowcover

0 0
1/0 2/9 2129 3/20 4/9 4129 5/19 6/8 6/28 7/18 1/0 2/9 2/29 3/20 4/9 4/29 5/19 6/8 6/28 7/18

1992 1996

Streamflow

: T : : T : T : T
10/4/1989 6/30/1992 11/12/1993 12/21/1997
basin_cfs[1] runoffl1]

Options Close Help




Percent Basin Snowcover

Percent Basin in Snow Cover

Lake Fork

= SATELLITE

Lake Fork

Percent Basin Snowcover
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(=]
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?

Lo
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Streamflow
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Forecast Methodologiesin MM S

Ensemble Streamflow Prediction (ESP)
Atmospheric Model Outputs

Statistical Downscaling

Dynamical Downscaling



ENSEMBLE STREAMFLOW PREDICTION

Streamflow

N

K

4/1/2000

Iime

9/30/2000



MMS ESP Tool

All Computed Traces using 1975 - 1998

File Table DMI Help

Forecast Lobo

Ensemble Trace List
19495 (F = 4% _ -
B Ep= 3%§ Gunnison River Below Blue Mesa Dam, Co.
1980 (P = 12%)
1996 (P = 16%)
1983 (P = 20%)
1985 (P = 24%)
1997 (P = 2&%)
1979 (P = 32%)
1982 (P = 36%)
1934 (F = 40%)
1986 (P = 44%)
1987 (P = 48%)
1991 (P = 52.00%) ESFP Trace: Init Trace:
1990 (P = 56%) #1nit
1994 (P = 60.00%)
1378 (F = 64%)
1975 (P = 6&2%)
1988 (P = 72%)
1921 (F = 76%)
1989 (P = 20%)
1992 (P = 834%)
1976 (P = 33%)
1977 (P = 92%)
1998 (P = 96%)

199@'—11—01 1999-03-01" 1999-07-01
Date

Drag mouse over Plot area to zoom; press 't ' to reset
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MMS ESP Tool

Manager selected 10, 50, and 90 % probability of occurrence

File Table DMI Help

Forecast Lobo
Ensemble Trace List

Toos g§§ Gunnison River Below Blue Mesa Dam, Co.
1980 12%)

1995 16%) 5000
1985 2 0%
1983 2 4%
1997 28%)
1979 32%)
1982 36
1024 405
1986 4 4%
1987 42%)
1991 5 2.00%)
1990 S a3
1004 50, 00%)
1a7s8 B 4%
1975 =3
1921 7 2%
1la88 7ak)
1lag9 2 0%
19902 2 4%
1976 22%) ESP Trace: Init Trace:
1977 (P = 52%) 1980  ®Init

1998 (P = 96%) : +1087

+1976
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Nash-Sutcliff Coefficient of Efficiency Scores
Simulated vs Observed Dally Streamflow
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OMS Key Technologies

Object-Orientation
— Model Components, Framework

JAVA
— System and Models

XML
— Resource Representation

HTTP/ Internet
— Deployment: System, Resources
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Control
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OMS GUI
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ModuleBuilder
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Loader
—>

W or kflow
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Runtime
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What 1saModeling Dictionary ?

« Container for different kinds of modeling
resources.

— Processes, Variables, Parameter,
— Homogeonous vs. heterogenous

* Presents its content depending on requested
VIEWwsS.

e Has associated Rights to manage the
container.



Dictionary Framework (1)

« XML 1.0 Specification

e Container for
— Data, Parameter, Processes, Modules, Models,

— Type set not fixed, !

 OMS can operate with dictionaries at the
GUI level



OM S Deployment

OMS itself: Java Webstart
Dictionaries. XML, (SQL/XML)
Model Code: HTTP accessible jar files
Documentation: Web/HTTP



Java WebStart ?

Second Start:
-Use local cached App

HTTP -Download again if updated
-Create Shorcut, Program Menu
WE’B ™ JAVA Web
_/ _IJ Starts

HTTP v~ W """ e

Oiject Madsling Sysiem
| UsSOA, USGE NRCS, PSL

Download OMS



POINTS

* Experimental science builds on hypothesis
testing and Interpretation based on earlier
published hypotheses and results

 Modelerstend to build from the ground up
because existing models are not well
designed for incremental improvement by
others



POINTS

« Current trend of model competitions or
comparisons are of limited value without
addressing the question of “why”

e A modular framework provides the toolsto
objectively ask the question “why”



Project for the I ntercomparison of Land Surface
Parameterization Schemes (PILPS)

- ALSIS

- BASE

- BATS

- BUGK

- CAPS

- CLASS

- lAFE4

- |ZBA Observation
- MOSAIC .
- NCEPR

- PLACE

- SEWAB

- SPONSOR

- BhibB

- BWAF

- WIG-3L

MO r xR -"InTMmMmOOme

1
500

Mean Annua Evapotranspiration [mmfyr



What Are The Costs ?

Acceptance of a modular coding structure
Willingness to share module code
Willingness to share analytical tools

Willingness to develop and share distributed
data sets for awide range of climatic and
physiographic regions of the world

L oss of model name recognition




Benefits ?

e Share a community toolbox for model and
system development and for addressing the
Issues of parameter estimation and scale

o Support aflexible framework that enables
the Incorporation of continuing advances in
science, databases, and computer
technology



MMS COLLABORATORS

- Department of Interior
USGS
Bureau of Reclamation
Bureau of Land Management
- Department of Agriculture
Agricultural Research Service
Natural Resour ces Conservation Service

Forest Service



MMS COLLABORATORS

- University of Colorado

- University of Arizona

- NASA

- Department of Energy

- Department of Defense

- Friedrich Schiller University, Germany

- Public Works Resear ch I nstitute, Japan



MODELS AND MODULES IN
MMS (USGS)

 PRMS

« TOPMODEL

* DAFLOW (beta)

e 1-D Sediment Transport



OTHER MODELS AND
MODULESIN MMS INCLUDE

Hydro-17 (NWS snowmelt)

Snowmelt Runoff Model (SRM) (ARS)
ENNS Model (modified HBV, Austria)
Root Zone Water Quality Model (ARS)
Generic Crop (Corn, Soybeans -ARS)
Shoot Grow (Wheat - ARS)
Penman-Monteith (NASA, Japan, Thailand)

GCM Land Surface Parameterizations
(Japan-Thailand, UC Davis)



PRECIPITATION - RUNOFF
MODELING PROJECT

OPEN SHOP
CONSULTATION
COLLABORATION



POINT

“A fool with a tool
Isstill afool.”

Chicken Soup for the M odeling Soul
System Devel opment magazine



MORE INFORMATION

http://wwwhbrr.cr.usgs.gov/mms
http://wwwhbrr.cr.usgs.gov/weasel

http://wwwhbrr.cr.usgs.gov/warsmp

http://wwwhbrr.cr.usgs.gov/projects/
SW precip runoff/papers



