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CSDMS-Community Surface Dynamics

Modeling System: New NSF National

Center @UCBoulder

                    (NSF Cyberinfrastructure Directorate)

Module-based

software

architecture to

foster

community

model

development

and synthesis

studies
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Framework Functions

Domain management

Variable management

Variable input/output

Interfacing between domains (couplers)

Time management

Module management

Model parallelization and execution

Integrated post-processing and visualization

Patterned after Earth System

Modeling Framework

ESMF Infrastructure
Data Classes:  Bundle, Field, Grid, Array

Utility Classes:  Clock, LogErr, DELayout, Machine

ESMF Superstructure
AppDriver

Component Classes:  GridComp, CplComp, State

User Code

Community-based effort (UCAR w/

several partners to develop  modular,

interconnected, open source

modeling environments (e.g. NSF

Earth System Curator)

WaterNET and IDS
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OpenDAP/DODS MapServer SQL/SOAP server

Gridded Data
Hierarchical directories of
files in standard, self-
describing formats
(NetCDF, HDF) with
metadata

Vector Data
Hierarchical directories of
ARC/INFO shape files or
SQL database

Observational
Station Data
SQL Database (CUAHSI
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New GHAAS Modeling Framework

WaterNET and IDS



10/24/07 Modeling Framework for

Landsurface Models

5

Model Tree Build Up
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Ipswich R.  Runoff Validation 1993-1995
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TYPICAL CALCULATION SCHEME TO
GENERATE WATER RESOURCE ESTIMATES

 Runoff=
   Local
   Water
   Resource

Lateral Transport    River
   Networks

WBM/WTM



Non-point Loads Point Loads

Land
Micro-aquatic Macro-aquatic

Coastal

Processing

and/or

Metabolism

Local Runoff
Air Temp

Local Q
Reservoirs

Parameters

Soil Tau

Export
Export

Export

h and v

Hydraulic equations

Hydraulic Load

micro macro

Length/SinuosityGeomorphology

Vf -accumulated grids

-upstream average grids

-basin means

-basin profiles

-biome means

-sample @ station locations

Summary stats

Graphics
Local Precip

Retention

R = 1 – e(-Vf/HL)

micro macro

Local

Routed

Retention

FrAMES: Framework for    Aquatic

Models of the Earth System:

Multi-constituent  Modules

Inland Satellite Remote Sensing             CZ Remote Sensing

LTER & CUAHSI Regional Ecosystems Global



 
Green et al. (2004), Nitrogen Mass Balance Approach   



• Mean 18% transport in basin -- similar to Howarth et al. (1996) for N. Atlantic

• Wide range of transport efficiencies in individual basins -- 0 to 100%



MODEL -- Non-linear statistical model; flux is function of mass-
              balanced loads, temperature and hydraulic residency time

River Flux of N
         = Eriv*Eres*Elake*(PtS + NonPtSorg*Esoil-org + NPtSinorg*Esoil-inorg)
where
PtS = Nmob Load from Sewered Urban Population
NonPtSorg = (Nmob Fixation + Nmob Livestock Load + Nmob NPS

                          Human Load) *(Runoff / Precipitation)
NonPtSinorg = (Nmob Deposition + Nmob Fertilizer) * (Runoff /

                       Precipitation)

The delivery coefficients take the form of:
Eriv = e(-  riv * Tadj * ariv)

Eres = e(-  res * Tadj * ares)

Elake = e(-  lake * Tadj * alake)

Esoil-org = e(-  soil * Tadj * asoil-org)

Esoil-inorg = e(-  soil * Tadj * asoil-inorg)

TNflux---> r2=0.88 Slope P/O=0.99        DIN Flux ---> r2=0.68 Slope P/O=0.94
                      n=58                                                                        n=281

Eriv = e(-  riv * Tadj * ariv)



Applying an Aquatic N Processing Constraint on

Terrestrial Processing Potential

--Inverse Calculation--
Three Grid Cell Example

x x x

200 100 50N Load (kg/km2/yr)

Local River Network

Terrestrial

Large River Network

(with lakes and reservoirs)

0.5

0.8

0.4 0.4

0.9 0.9
50

TN Export

((((200x * 0.5 * 0.8) + (100x * 0.4)) * 0.9) + (50x * 0.4)) * 0.9 = 50

((80x + 40x) * 0.9) + 20x) * 0.9 = 50

128x * 0.9 = 50

x = 0.43 = Terrestrial transfer coefficient = 1 - R

Transfer

coefficients



Example – inverse calculation,

with aquatic vf = 35 m yr-1

Aquatic plus terrestrial N removal

from inverse calculation

No terrestrial N removal, aquatic only 

(except non-flowing regions)

N = 61 large

watersheds

distributed

globally

(GEMS-Glori

[Meybeck]

mean annual

TN data set)



Locating the watershed N sinks
(Where does that 80% go?)

Weighted 

averages

Box Plots, N = 61 watersheds

 Total N                 

 load removed:         66%                     18%             16% 

vf = 35



 Integrated Approaches to Global Water Resource

Assessment and Global Change Studies
Links Geophysics of Water, Governance, Vulnerability, Supply Limitations

Imposed by Pollution & Ecosystem Flow Requirements

GWSP 

ATLAS

GWSP Models
and

Indicator Generators

Integrative

Value-added 

Outputs

Meta-data & Link Archive

Internal Geospatial Archive
Evaluate & Improve

External

Data
(e.g. NASA,

ESA, JAXA)

Users



Precipitation Land Cover Population
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High Resolution

River Networks

(GM-WICS)

Runoff, Streamflow, Habitat Mapping N Fluxes

Regional

Summaries,

Report Cards,

Alerts,

& Indicaors

e.
g.
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Metabolism

From: MODIS, assimlation models

A Regional Prototype System of Systems
for Environmental Surviellance

e.
g.
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GWSP Indicators

High Resolution Water Supply

High Resolution River Networks IT Mapping & Analysis Tools

High Resolution Geo-

Referenced Dams/Reservoirs



1970’s LAVA LAMP?  No…Unprecedented

Opportunities to Monitor the State of the Hydrosphere

Using Observations, Data Assimilation, and Modeling

Tools



Unprecedented Opportunities to Monitor the State of

the Planet Using Observations, Data Assimilation,

and Modeling Tools

Ocean

Elements 

As Well

3-hourly Wave Heights

3-hourly Wave Power



What to Scope at This Scoping Workshop?

• Develop ideas for interdisciplinary & integrative science to better

understand diverse processes affecting deltas

– Not just SLR …. upland engineering, gw and hydrocarbon abstraction,

land use/cover change

–  Not just sediment ….H2O, nutrients

–  Not just long-term, chronic change … events critical

•  Tangible products:

1. Curiousity-based science:

- Process-based models including physics, humans, biology

2. Service to the policy and management communities:

- Digital map of river-coastal delta complexes

- Geographies of long-term vulnerability and of upland/ocean events

- Now-cast/forecast systems & scenarios

•  Raise awareness through these tangible products around which the

policy & management communities can take action


