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Why Land

Land has direct societal
relevance: we live on land! -

Land provides us food, clothing, NATIONAL

shelter, and infrastructure. EOURAPH[C

e & A}PECIALISSUE .

Land is at the central stage for

weather/climate events ~
(droughts, floods, dust storms, bush A
fires). ’_

eua THSTY UKD

Land processes are complex,
highly heterogeneous, multi-
disciplinary, and multi-scale!
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Climate Change:
versus LLand Use and Change

Concentrations of Greenhouse Gases from 0 to 2005

Radiative forcing of climate between 1750 and 2005

Radiative Forcing Terms

= Carbon Dioxode (CO,)
Methane (CH,)
Nitrous Oxide (N,O)
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[Human con.tml] 3 [Biophysically controlled]
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Svstems«.;-. e ; : Systems
-- political/economic choices

-Institutions

-Culture

-Technology *

-Population... A\ ‘

-Economic .

2 2 ¢ -Biogeochemistry

-Genetic bank
-Water
-Air




History: Land has been an important

component in weather and climate models

Mid-1970s Mid-1980s Early 1990s Lote 1990s

Armosphera Amosphere Armosphere Ammosphere
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Community Land Model (CLM4): 2010->

2 Surface energy fluxes Biogeochemical cycles
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Co-Chairs: David Lawrence (NCAR), Zong-Liang Yang (Univ of Texas at Austin)

Lawrence et al. (2011)



CLM4

e Evolved from CLM3.5 (released in 2008 by Oleson et al.).
CLM3.5 improves over CLM3 (released in 2004)
» Surface runoff (Niu, Yang et al., 2005)
» Groundwater (Niu, Yang, et al., 2007)
» Frozen soil (Niu and Yang, 2006)

» Canopy integration, canopy interception scaling, and pft-dependency
of the soil stress function elLawrence et al., 2007)

e CLM4 (released in 2010) improves over CLM3.5

» Prognostic in carbon and nitro?en (CN) as well as vegetation
phenology; the dynamic global vegetation model is merged with CN

» Transient landcover and land use change capability

> Urban canopy (Oleson et al.)

>

> Dust emissions

» Updated hydrology and ground evaporation

» New density-based snow cover fraction, snow burial fraction, snow
compaction

» Improved permafrost scheme: organic soils, 50-m depth (5 bedrock
layers)

>

and ice water streams
Co-Chairs: David Lawrence (NCAR), Zong Liang Yang (Univ of Texas at Austin)
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Conserving global energy by:se slfg(a)tmg river discharge into liquid
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Outline

Introduction

\Vegetation

Water

Data Assimilation

Landscape to Coast

Summary: Take Away Messages
Future Work
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e [ntroduction

Outline
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Land Surface Processes
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\Vegetation

Outline
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ISSuUes In Vegetation Research

Short-term weather, climate, and atmospheric
chemistry models lag behind climate change
models in treating interactive canopy and
biogeochemistry.

Effect of climate change on carbon cycle
250. 1 : :
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Friedlingstein et al. (2006) J Climate 19:3337-3353



Noah Land Surface Model

Noah LSM in NCEP Eta, MMS and WRF Models e N Oa h IS d defa U It

(Pan and Mahrt, 1987; Chen et al., 1996; Chen and Dudhia, 2001 LS M | n N C E P Eta /
EKk et al., 2003) MMS, and WRF

6%% ‘\ Canopy Water mOdeIS.

Transpiration  Evaporation Turbulent Heat Flux to/from
Snowpack/Soi]/Plant Canopy

Precipitation

o e |[eaf area index
“ondensation - d (LAI) and 0/0

Deposition/

Diret Sl Sublmaton vegetation cover

Evaporation
snowpack

N A are prescribed from
from Open Water | ) Sate”ite data-

T AR e Intra-seasonal to
et St inter-annual
prediction requires
an interactive
vegetation canopy
or prognostic
phenology.

JACKSON 14
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Interactive Vegetation Canopy

The model includes a set of carbon mass
2 i ; —

(9 C/Te;fbmaiggce equations for:
Stem mass

Wood mass

Root mass

Soil carbon pool (fast)
Soil carbon pool (slow)

o uhwdNE

@
-
£
=
=
&

=

g
=

-

-

Processes include:

1. Photosynthesis (S|, T, 6, e,;, CO,,0,, N ...)
2. Carbon allocation to carbon pools

3. Respiration of each carbon pool (T,,0, T,,.)

SLOW SOIL
CARBON POOL

_ _ Dickinson et al. (1998),
Carbon gain rate: photosythesis * Yang and Niu (2003)

Carbon loss rate:  leaf turnover (proportional to leaf mass)
respiration: maintenance & growth (proportional to leaf mass)
death: & soil moisture 15

LAl = M, * C where C_,., is area per leaf mass (m?/g).

area area



Comparison of: Noah-MP and Satellite
LAl and % Vegetation Cover. (GVF)

Model LAl Mean= 1.04 Model GVF: Mean = 0.33
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WRF Simulated & Observed Monthly and Seasonal
Mean Precipitation in Central Great Plains

Jiang et al. (2009) J. Geophys. Res.

SCHOOL OF GEOSCIENCES



Lifting condensation level (LCL) height versus
soll moisture index (SMI) in the solil layers

NARR
DEFAULT
DV
DVGW

~ SMiLayer 1-4

THE UNIVERSITY OF TEXAS AT AUSTIN
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Biogenic emissions of volatile

organic compounds (BVOCS)

Isoprene (C:Hg & %), monoterpene (C, H, M5 45),
other reactive VOCs

Atmospheric Radiative _ Cloud Global

chemistry balance formation carbon cycle
*concentﬁati‘on of oo o o ultimate reation
Trace gases in the air R e % products (0
g Nitrogen oxidation products
oxides form secondary organic
( BVOC ) aerosols reactions...
S
Important roles 1‘ Svoce BVOCs

BVOCs = 90% VOCs

v




Climate Change and BVOC Emissions

BVOC emissions vary by
s a S| ecle

BVOCs + NO,

—z=pree]

v Oak  American Elm

. Climate change affects BVOC .
emissions: S_Qmmm
directly: by altering incident solar _ _
radiation, precipitation, Climate models have a high
temperature, etc. uncertainty In

simulating key weather

indirectly: by altering leaf area i3b|
index, species composition and variables
density Land-surface models

represent vegetation
as mosaics of plant
functional types, not
species

. Anthropogenic land-cover
change alters species composition
- affects BVOC emissions



Precipitation Variability Drives Year-to-year Changes In
Leaf Biomass and Biogenic Emissions (movie)

Leaf area index in Texas Biogenic emissions in Texas
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0
0
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Gulden, L. E., Z.-L. Yang and G.-N. Niu, 2007, J. Geophys. Res., 112
(D14), D14103, 10.1029/20061D008231.

Gulden, L.E. and Z.-L. Yang, 2006, Atmospheric Environment, 40(8), =z
1464-1479.




Biogenic Volatile Organic Compounds (BVOCSs)
and Secondary Organic Aerosols (SOAS)

Natural primary aerosols

Ocean Lan

'/}E)OL OF GEOSCIENCES
Jiang, Yang et al.\(2010), Atmospheric\Environment



Route of SOA formation

Gas-Phase
Oxidation

Volatile organic

Products that

Oxidation
— e 4 remain in the

products

compounds
gas phase

Semi-Volatile Products
Atmospheric

_ Nucleation
Gas-Particle
Partitioning
Evolution

Particles ey Inorganic /Organic /Water

L

23
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SOA formation

Partitioning between gas and particle phases

M, : pre-existing aerosols

: Pankow, 1994
A :Aerosol concentration ( )

Semi-Volatile reactive organic gases (G))

Monoterpenes+ OH/NO3/03 2 a,G,+a,G, Stoichiometric yields (at,)
Isoprene + OH 2 C71(31"'(72(32 2-product model (Odum et al., 1996 )

Also include temperature effect

* Tref AHV&D
TTTTTTTT , [ (T) :C(Tref)( )eXp( R

(T T
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Jiang, Yang et al.\(2010), Atmospheric\Environment



MODIS and WREF-CHEM simulated aerosol
optical depth (AOCD) at 550nm

ow 105w 100W oW gow BoW 80w 7oW

25

0.12 0.14 0.16 0.18 0.2 0.24 026 0.3
Jiang, Yang et al.\(2010), Atmospheric Environmenrf??" OF FFOSCIENCES



Comparison of simulated AOD with
AERONET data

Observed and SImulated AOD at 550nm (HJAndreWS) Obsel ved and slmulated AOD at %s0nm (BSRN BAO Boulder)

~H} AERONET H AERONET
s \vith SOA o 0.9r = — ith SOA
m—without SOA ( 1 ) osl - m—ithout SOA| |

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

15
July, 2002
Observed and 51mulated AOD at ﬁqﬂnm (Stenms)

x = B AERONET
m—with SOA
m—without SOA| |

2 ' Stennls
@
' 1\ | \ (/ 3)

4\7

L 4 T T
15 125W 20w 115W 110w 0 m#w 8l h‘ 71W
July, 2002

"HOOL OF GEOSCIENCES

Jiang, Yang et al.\(2010), Atmospheric Environmen



Comparison of simulated OC
concentrations with IMPROVE data

125W 120W 115W 110W 105W 100W g5W 85W 80w T5W 70

0.5 1 152 253 35 4 455

//]'[700[ OF GEOSCIENCES
Jiang, Yang et al.\(2010), Atmospheric'Environmerif " OF FFOSCIENCE
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Summary.

Augmenting land surface models with
interactive vegetation canopy and
groundwater

e Improves intra-seasonal to inter-annual predictive skills;

e Increases temporal and spatial variability of biogenic
emissions;

o Allows better understanding of atmosphere, biosphere and
hydrosphere coupling through biogenic pathways.

THE UNIVERSITY OF TEXAS AT AUSTIN

SCHOOL OF GEOSCIENCES
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Issues in Water Cycle Research

e How can we improve, assess, and evaluate
hydrological models on regional to global
Sscales?

e VWaterGycle

_Water storage : =
in ice Tnd snow = 77 Water storage in the atmosphere Condensation

ﬁ, Sublimation !
“Precipitation 'Tf Evapotranspiration

3 \
T Evaporation "\ )
Bl W e,

~ Surface runoff
e

Water storage
in oceans

30



Gravity Recovery and Climate Experiment
(GRACE)

8+ years of mission
olaeratlon (Tapley et
2004)

GRACE Mission

First-time global data
of gravity (~100 km,
monthly to 10-day)

Unprecedented
accuracy of mass
variations GRACE-
derived soil moisture
terrestria e
Allowing a better i
understanding of the change

global water cycle ..o groundwater

31
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Improving Frozen Soil Process in CLM2

¢ CTRL
Original model: no super-

cooled water for below
freezing soil temperatures

New model: allowing super-
cooled water and
percolation in the frozen
soil

o
©

o
o

Results: improving infiltration
of snowmelt; improving
timing of runoff, and a shift
of water storage by one
month in good agreement
with GRACE data

o
>

Frozen Fraction /., (-)

o
N

0.2 0.4 0.6 0.8 1.0
Ice Fraction 0,.o/0y (-)

JACKSON =

THE UNIVERSITY OF TEXAS AT AUSTIN

Niu and Yang (2006) J. Hydrometeorology.
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Improving Frozen Soll Process in CLIM2

80 rmse 8.01 5.25 3.81 2.57

60 | ——CIRL Lena
—— NEW (f=4.0
40 +----- NEW (i=2.0
20 4 & GRACE2
O GRACE1

20 -
40 -

Water Storage (mm)
o

3 6 9 12 15 18 21 24 27 30

rmse 7.80 6.33 5.21 2.77
. Mackenzie

80
60 -
40 -
20 -

-20 -
40 -
'60 T

3 6 9 12 15 18 21
rmse 6.84 4.91 4.48 0.95

Water Storage (mm)
o

24 27 30

Water Storage (mm)
o

12 15 18 21 24 27 30
Months from Jan. 2002

Niu and Yang (2006) J. Hydrometeorology.

Water Storage (mm) Water Storage (mm)

Water Storage (mm)

120
90
60
30

-30

-60
-90

120

Results: a shift of
seasonal
maximum water
storage by one
month in good
agreement with

rmse 8.46 5.82 4.00 2.48

Yenisei

T T T T T T T T T G RAC E d a ta
3 6 9 12 15 18 21 24 27 30
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. 42! 100

T T T T
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200
3 6 9 12 15 1¢
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Amt
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Months from 3 6 9
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Improving Interception, Runoff, and
Frozen Soil Process in CLM2

Ob, area = 3.00899e+06 km®

& GRACE!
o GRACEZ2
— GLDAS
== Standard
— Modifisd -
O b L
d
I T

Water Storage Change (2004APR - 2003AUG) i . :
Yangtze, area = 1.83149e+06 km® BMSE 3.00 7.23 7.48 3.73

RMSE 3.30 6.91 8.52 4.28

Months from Jan. 2002

ERSITY OF TEXAS AT AUSTIN

KSON 7
- Niu and Yang (2006) GRL

L OF GEOSCIENCES




Improving Groundwater Dynamics in CLM?2

Area = 1.83149e+06 km® 00 Area = 3.52077e+06 km® 200 Area = 742559 km”
RACE1 Mississippi
gF{AEEE
GW

GwW

AS (mm)
[=]

A
L

36 9121518212427303336 36 9121518212427303336 36 9121518 212427303336
Arega = 1.25348e+08 km” Arga = 6.90977e+06 km® Area = 6.122e<06 km®

AS (mm)
[=]

3 6 9121518 212427303336
Area = 4.44358e+06 km®

3 6 9121518 212427303336 3 6 9121518 212427303336 3 6 9121518 212427303336
Area = 2.34909e+06 km® Area = 890502 km® Area = 3.63127e+06 km®
Oranje Parana

3 6 9121518 212427303336 3 6 9121518 212427303336 3 6 9121518212427303336
Maonths from Jan. 2002 Maonths from Jan. 2002 Months from Jan. 2002 35

_——— —— ]
SCHOOL OF GEOSCIENCES Niu, Yang, et al. (2007) JGR



Improved
hydrological
schemes In

CLM3.5

Oleson, K. W., G.-Y. Niu, Z.-L. Yang,
D. M. Lawrence, P. E. Thornton, P. J.
Lawrence, R. Stockli, R. E. Dickinson,
G. B. Bonan, S. Levis, A. Dai, and T.
Qian, 2008: Improvements to the
Community Land Model and their
impact on the hydrological cycle, J.
Geophys. Res., 113, G01021,
doi:10.1029/2007JG000563.

200

200

Area = 1.84122e+06 km®
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t t t t t t t
12 15 18 21 24 27 N
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Zambezi

12 15 18 21 24
Menths from Jan. 2002
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-200
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T T T T T T T T T
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t t t t t t t
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Amazon

Area = 756849 km®

Sao Francisco

Area = 3.75183e+06 km*

Parana

15 18 21 24 27
Menths from Jan. 2002
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Biogeophysics — Energy, Moisture, Momentum _ Biogeochemistry

U S 2008 NCAR
= ; = e % idust Land Use Urrnanaged
l :_DEE % é % Mgwr?necw CCSM i Ecosystemns
CONNOE EIE B Distinguished 7
6 e . = 0
Reﬂejte_d_Solar §1§ AChlevemenT :){é
Radiation E = T QID{H@&_ LY
Ahsorbed Solar sz Awar‘d T ’
Radiation = % (
j Deean

= Dust

::::::::::::::::::i ________________ Yang et al., 1997, 1999 + Biogeric volatls orgaric corpounds

Catchment Hydrology
And River Flow

Soil Water

¥ ourface Runoff Niu, Yang, et al., 2005 Ecosysterm Dynamics
Niu, Yang, et al., 2007 + Leat phencioay

Carbon allocation
Carbon pools (biomass]

Yang & Niu, 2003 - Campasttion e

= Structure Cheight) Zarton

Collaborators: UT (Yang, Niu, Dickinson), NCAR (Bonan, Oleson, Lawrence) and others



Terrestrial Water Storage Change

300 135 ] Ju} A5 =] 1%

GRACE (MAM - SON)

CCSM4 (MAM - SON)
(Fully coupled global
land, atmosphere,
ocean, ice
climate model)

. CCSM3 (MAM - SON
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Summary.

GRACE data have been successfully used to
Improve, assess, and evaluate the NCAR
Community Land Model, perhaps the first
GRACE-tested model used in IPCC AR5 global
climate or earth system models.

THE UNIVERSITY OF TEXAS AT AUSTIN
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Data Assimilation

THE UNIVERSITY OF TEXAS AT AUSTIN
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ISsues In Snow Data Assimilation

» Direct insertion (using
observations to replace model
calculations)

» Limited domain size (watershed
scale mostly)

» Unrealistic snow depletion curves

> Limitations in radiometric data
assimilation

> Infrared/visible bands: clouds
contamination

» Microwave bands: low accuracy A
for wet snow . o Vi

SCHOOL OF GEOSCI



MODIS GRACE
Hypothesis:

GRACE/MODIS multi-sensor data
assimilation algorithm can achieve more
accurate SWE data than MODIS and open
loop at continental scale.

Geometric property: Integral of water
SNOW area storage (vertically)
Weather sensitive ..........\Weather insensitive

JACKSON w



Sensible heat flux and
LW4 . SW{d LW sw latent heat flux

. !

VA
snl+1’  lig,snl+1’ ice,snl+1’ " snl+1

Conductive heat

flux across layer . Top layer

. Layer2, 3, ... (upto5 layer)
Layer 1

Ground

Gg’re Snowpack heat diffusion

Z
G +LH +SH = LW, +SW, Surface energy balance

Xswet = Xeweia P —Q, —E wﬁystem function

SCHOOL OF GEOSCIENCES



The Ensemble Kalman Filter (Monte Carlo)

Xie,lt = XiTt + Kt (yt - HXiTt +Vi)

K,=R'HT(HR'HT +R)"

R

Computationally
competitive

Resolve nonlinear
observation
function

Resolve forcing
and initialization
uncertainties *




Memory

Ll

X, =X, +K(tT)

- MODIS EnKE

Model

@ GRACE Enks

D State Inflation

Memory *

45
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o Efforts are being made to retrieve continental-scale

snow water equivalent using multi-sensor data
assimilation methods.

e The combined EnKF-EnKS approach accomplished
multi-sensor data assimilation, with GRACE TWS

information largely complementlng MODIS estimates
In Many regions.

Su, H., Z.-L. Yang, G.-Y. Niu, and R. E. Dickinson (2008), Enhancing the estimation of
continental-scale snow water equivalent by assimilating MODIS snow cover with the
ensemble Kalman filter, JGR, 113, D08120, doi:10.1029/20071JD009232.

Su, H., Z.-L. Yang, R. E. Dickinson, C. R. Wilson, and G.-Y. Niu (2010), Multi-sensor snow
data assimilation at continental scale: the value of GRACE TWS information, JGR, 115,
D10104, DOI: 10.1029/2009JD013035.

THE UNIVERSITY OF TEXAS AT AUSTIN
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Outline

Landscape to Coast

THE UNIVERSITY OF TEXAS AT AUSTIN
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Issues In Riverine Nutrient

Export Research

e |acking integrated climate, extreme weather, land
surface, river flow, biogeochemistry, and ecological

models.

World Hypoxic and Eutrophic Coastal Areas

Gaseous
Atmospheric
S AT Nitrogen
L|ghtmng Store
Fixation

Fossil Fuel e
Emissions st / Bacteria Riparian

A Fixation
Eutrophic and Hypoxic Areas Gl_aOSSeSoeL;S f 3 Ecosvstems

Eutrophic ] f! | d
. very | g S Runoff

Legend

Fertmzers
Organic Matter w’EUtrOphlcatlon
Denitrification (R-NH)~_ \

Mineralization

Plant "
Consumption Ammonium

(NHZ*)
Nitrification
Nitrates Nitrites _/

(NO,) *NTirfieatian (NO,) ¥ang (2011)

Leaching

Extreme Weather

Emissions '

Land Use

" Llandcover Urban

Change Agriculture
Industries

Management
Reservoirs
Irrigation

Enrichment
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ONOU L, WNE

.

Noah LSM with multi-physics options

. Leaf area index (prescribed; predicted)

. Turbulent transfer (Noah; NCAR LSM)

. Soil moisture stress factor for transpiration (Noah; BATS; CLM)
. Canopy stomatal resistance (Jarvis; Ball-Berry)

. Snow surface albedo (BATS; CLASS)

. Frozen soil permeability (Noah; Niu and Yang, 2006)

. Supercooled liquid water (Noah; Niu and Yang, 2006)

. Radiation transfer:

Modified two-stream: Gap = F (3D structure; solar zenith angle;
..) < 1-GVF

Two-stream applied to the entire grid cell: Gap = 0

Two-stream applied to fractional vegetated area: Gap = 1-GVF

Partitioning of precipitation to snowfall and rainfall (CLM; Noah)

10. Runoff and groundwater:

TOPMODEL with groundwater

TOPMODEL with an equilibrium water table (Chen&Kumar,2001)
Original Noah scheme

BATS surface runoff and free drainage

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

]ACKSON Niu et al. (2011) .

Collaborators: Yang, Niu (UT), Chen (NCAR), Ek/Mitchell (NCEP/NOAA), and others



of Combinations

. Leaf area index (prescribed; predicted)
. Turbulent transfer (Noah; NCAR LSM)
. Soil moisture stress factor for transp. (Noah; BATS; CLM)
. Canopy stomatal resistance (Jarvis; Ball-Berry)
. Snow surface albedo (BATS; CLASS)
. Frozen soil permeability (Noah; Niu and Yang, 2006)
. Supercooled liquid water (Noah; Niu and Yang, 2006)
. Radiation transfer:
Modified two-stream: Gap = F (3D structure; solar zenith angle;
..) < 1-GVF
Two-stream applied to the entire grid cell: Gap = 0
Two-stream applied to fractional vegetated area: Gap = 1-GVF
9. Partitioning of precipitation to snow- and rainfall (CLM; Noah)
10. Runoff and groundwater:
TOPMODEL with groundwater
TOPMODEL with an equilibrium water table (Chen&Kumar,2001)
Original Noah scheme
BATS surface runoff and free drainage

2X2XxX3x2x2x2x2x3x2x4 = 4608 combinations

ONOU L, WNE

Process understanding, probabilistic forecasting, quantifying uncertainties



36 Ensemble Experiments

Table 3. The first group of 12 experiments and their corresponding options of schemes.
Dynamic vegetation ) Runoff schemes
SIMGM
Noah SIMTOP
Schaake96
BATS
SIMGM

Ball-Berry SIMTOP
Schaake96
BATS
SIMGM
SIMTOP
Schaake96

THE UNIVERSITY OF TEXAS AT AUSTIN

JACKSON. :

SCHOOL OF GEOSCIENCES ' Yang et al_ (20118)




36 Ensemble Experiments

Global Global lllinols

3

F-
(¢ ]
[
ET (mm/year)

w
2
E
E
=
w

300 310 320 330 340 350

250 260
Top 1m Soll Molsture {mm)

330 340 350
Top 1m Soll Molsture (mm)

Runoff (mm/year)

Runoff scheme is shown as the dominant player in the SM-ET
relationship: produces the wettest

soil and greatest ET; BATS (greatest surface runoff: grey) produces
the driest soil and smallest ET.

THE UNIVERSITY OF TEXAS AT AUSTIN

JACKSON. :

SCHOOL OF GEOSCIENCES ' Yang et al_ (2011&)




Hourly Precipitation (mm/hour) from July 1 to

3, 2002 for Various Convection & Runoff Runs

(mm day-1)

Hourly Precipitation: Central Texas (30PN — 32°N, 100° - 97°N)

July 1 -3, 2002

SCHOOL OF GEOSCIENCES

m— DF-KF
m— D F-BMJ
[ F-Grell
"""" SIMGM-KF
"""" SIMGM-BMJ
"""" SIMGM-Grell
''''' SIMTOP-KF
''''' SIMTOP-BMJ
''''' SIMTOP-Grell
= = =Noah-KF

= = =Noah-BMJ

= = =Noah-Grell
—— \ean: DF

m = EMean: Noah-MF
® 3 hourly NARR
* hourly NLDAS

Yang et al. (2011b) in preparation



River network model: RAPID

e outing pplication for arallel
computat on of ' ischarge

(I-C;-N)-Q(1+A1)=C,-Q° (1) +C, - N-Q(1)+Q" (1) [+ C;-Q(1)

NHDPIus reaches
[:| NHDPIlus catchments

v

0 12525

50 Kilometers

ITY OF TEXAS AT AUSTIN

KSON

SCHOOL OF GEOSCIENCES

= River reach
@ Stream gage

= Flow

b) Single reach

Qs+Q+Q% Y

55

David et al. (2011)




NHDPIus — River and Catchment
Network for the Nation

Guadalupe and San
Antonio Basins, TX

0 12525 50 Kilometers

Entire dataset

PACIFIC SAURIS RED-RAINY
Noam‘;vesr 1.(09)

GREAT BASIN
(16)
MISSISSIPPI

CALI(I:'S;RNIA » c(%!l.?%'))o (05, 06, 07, 08, 10, 11) C O n n e Ct i V i ty
information

e
P.R:&US V.. )
21

4 Kilometers

3 million river reaches 5,175 river reaches
26,000 km?

Integration of the National Hydrography Dataset, National
Elevation Dataset and National Land Cover Dataset
completed by EPA in 2006

56
How can we build a riv%model for/the /nation?




Texas Rivers Draining to the Gulf of Mexico

http://www.geo.utexas.edu/scientist/david/rapid.htm

- 01/01/2004 -
* 4-km grid

* NARR meteort
« Noah-MP runc

rainfall

- facilitate modeling of nutrient Ioadlng, _transport and export to
coastal waters — ,

Thanksto Cedric David, Bryan Hong, David Maidment, Ben Hodges Ahmad Tavakqu, and Adam
Kubach of Texas Advanced Computing Center and Frank Liu of IBM g

f JACKSON 57
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http://www.geo.utexas.edu/scientist/david/rapid.htm
http://www.geo.utexas.edu/scientist/david/rapid.htm

Developing a Comprehensive N Database

Texas Nitrogen Inputs with Spatial Crop Distribution
Crop Data (Livestock and Fertilizer)

+ USDA National Agriculture Nitrogen Input Data
Statistics Service Data (Part of

USDA Crop Land Data Layer * Livestock Input

— Livestock population data from 2007

Project) Census of Agriculture
*  Beef Cows
* 56 meter resolution Dairy Cows
. . . Pigs & Hogs
* Only crop information is plotted Turkeys
(excludes NLCD other land cover e=p
Horses
types) *  Chickens (broilers)
* Based on NASS USDA-CLD from — Livestock N excretion rates for animals
2008 chosen from Boyer et al. 2002, which were

taken from U.S. study by van Horn et al.
1998

* Fertilizer Input
— Texas State Chemist Office County
Fertilizer Distribution Data
—  From 2007 (to match with Census)

— This data is available for 2005-2010, and
variations in input concentrations is
present as seen in Figure 6

Legend
Total N inputs (Tons) 2007 I Alfalfa O Clover/Wildflowers [l Qats I Fye [ Sweet Potatoes
L 0-327 [ Agquaculture I <om [ Cnions [ Saftlower I V. Wht/Soy. Dbl. Crop
|: 328 - 1,261 [] Background M Cotton I Cther Crops [ Sarghum [ Watermelan
I 1.262- 2,843 I Barley M Dry Beans I Other Smell Grain: [l Soybeans I Winter Wheat
B 2,844 - 5 402 [ Cancla [ Fallowi/Tdle Cropland I Other Tree Nuts [ Soring Whest B Misc. Vegs. Fruits
! i M Chrictrmas Trees M Herbs [ Peaches [ Sugarcane [T Peas

I 5,403 - 36,945 I Citrus . Millet I Peanuts TIsurfloners Ml Potatoes
BRIce e lner (2010)



Summary.

We have developed a multi-physics (MP) framework for
the land surface. Together with the MP framework for
the atmosphere, this MP framework is useful for
probabilistic forecasts of the mesoscale extreme events.
More research and experiments are warranted.

We have developed a new river routing scheme (RAPID)
that utilizes the NHDPIus river network, operates on
supercomputing platforms, and optimizes parameters.

We are developing a comprehensive nitrogen database
for water quality and nutrient export modeling.

We are extending the Texas-regional prototype
landscape-to-coast study to the entire Mississippi River
Basin, with a goal towards CONUS and global
applications.

THE UNIVERSITY OF TEXAS AT AUSTIN
MCKSON 59
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Outline

Summary: Take Away Messages

THE UNIVERSITY OF TEXAS AT AUSTIN

SCHOOL OF GEOSCIENCES
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Summary: Take Away Messages

Traditionally, land surface modeling

e treats land as a lower boundary condition in weather and
climate models;

e determines the coupling strength and land—atmosphere
interactions and feedbacks;

e calculates, in both coupled and offline modes, latent heat (ET),
sensible heat, reflected solar radiation, upward longwave
radiation, runoff, and state variables (soil moisture, snow
water equivalent, soil temperature).

Driven by IPCC & regional/local applications, land surface models
e have evolved greatly in the past three decades;

e are becoming more complex as we are facing emerging needs
to

o understand climate variability and change on all time/space scales,

o quantify the climatic impacts on energy/water resources, agriculture,
ecosystems, and environmental conditions for decision making.

e demand cross-cutting efforts from multi-disciplinary groups.

THE UNIVERSITY OF TEXAS AT AUSTIN
JACKSON o

SCHOOL OF GEOSCIENCES




Beyond Land—Atmosphere Interaction

Land provides us food,
clothing, shelter, and s e My
infrastructure. s /

lsrael /

Land is at the central
stage for extreme
weather and climate:

events. T

Land has direct ﬁ
societal relevance and
land research is fun.

Land processes are
multi-disciplinary, and
multi-scale.

SCHOOL OF GEOSCIENCES



Land Surface Models Must Now Deal with

Exchange processes with the atmosphere

0 Momentum
0 Ener?y (reflected shortwave, emitted longwave, latent/sensible

heat
o Water (precipitation, evapotranspiration)
o Trace gases ( y )/dusts/aerosols/pollutants

Exchange processes with the ocean

o Fresh water
o Sediments/nutrients
o Salinity

Land-memory pro
o Topography

o0 Snow/ice cover

o Soil moisture

o Vegetation

forestry

O O

THE UNIVERSITY OF TEXAS AT AUSTIN
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New Challenges (1)

e Petascale [O(101>)] Computing Architectures
» Massively parallel supercomputers (104-10> multi-core processors)
» New challenges in memory management
» Current codes may be ill-equipped
» May need significant level of recoding

35.6 trillion math operations per second (TFlops) Civor, B79.4 trillion math operations per second (TFlops)
640 nodes, 5104 processors ~ ( 3936 nodes, 62976 core processors
Occupies 4 tennis court W Texas Advanced Computing Center, UT-Austin

Earth Simulator — Ranger
4/19/2002 OLOFGEO 5719/2011



New Challenges (2)

e Rapid Transformation of Landscapes
» Land surface as a complex system
» Natural and managed components, and multi-scale interactions
» Deforestation, Reforestation, Urbanization, Agriculture and Irrigation
>

LANDUSE conger | e LANDCOVER

[Human control] e, [Biophysically controlled]

65



New Challenges (3)

e Increasing Frequency of Extreme Events N

— = —

> Heat waves and cold waves p—
> Wild fires

» Floods/droughts

» Dust storms

> Tornados/hurricanes

Hazen,Ark:; 5 May 2011

Tornado damages

: Alabama, USA, 26-28 April 2011 :
L = B ’ “"f:;;;.* 5 ';"""-,"-'; b - . __‘,'“_“«E_ ’ > s \;,\ﬂ
Sl I W e ,_,i:iwj; 4 e L

.

~ S - 2 =N

- ’-\«-'-f Foezl®,

T 9 , 3
00 0l SR g a0

Dust storms in Gansu Province,

China, 28 April 2011 * Eoptsema
-
-
A US Drought Monitor
— -

o 10 May 2011



New Challenges (4)

e Earth System-Society Interactions
» Integrated assessments: impacts, vulnerability, and resilience
» Scenario-based decision making
> Reality check

Land Matural
Human Management Landscape

Practices Chonoe
Systems actices ange

Institutions
Culture
Technology
Population
Economic

WViulrerability
of Water
Anirmal and Resources Climate

Economic Problems Insect Change
-poverty Dynamics & Vanabiity
-unequal wealth
-war
-globalization

Pielke, Sr. (2001) Fredictablity requires:;
= e '.‘.lﬂEquIDTE cuarilitcva LI‘IrLiﬂmr:ll'lﬂil'kg of hasa infaraclions
- that thi leedbocks are not substantially nonlinear.




New Challenges
e Petascale [O(101>)] Computing Architectures

» Massively parallel supercomputers (104-10> multi-core processors)
» New challenges in memory management

» Current codes may be ill-equipped

» May need significant level of recoding

e Rapid Transformation of Landscapes
» Land surface as a complex system
» Natural and managed components, and multi-scale interactions

> Deforestation, Reforestation, Urbanization, Agriculture and Irrigation
>

e Increasing frequency of Extreme Events
» Heat waves and cold waves
> Wild fires
» Floods/droughts
» Tornados/hurricanes

e Earth System-Society Interactions
» Integrated assessments: impacts, vulnerability, and resilience
» Scenario-based decision maklng

> Reality check ]ACKSON .

SCHOOL OF GEOSCIENCES




Outline

e Future Work: IRESM (integrated regional earth system model)

development and application

THE UNIVERSITY OF TEXAS AT AUSTIN

SCHOOL OF GEOSCIENCES

69



. Integrated Earth System Modeling and Analysis

Putting all pieces together
Regional Earth System Modeling and Analysis Symposium
(Beijing, May 18-22, 2011) and beyond

(a)
ATMOSPHERE
(WRF/WRF-Chem)

AND |Rivers|  OCEAN ek
Noahmp)| | (Rowms) 70




Observations: FLUXNET, a global network

USED SITES IN OUR STUDY: | LayvrenCe etal.. 2011
* Morgan Monroe (1999-2005) 1
*  Fort Peck (2000-2005)
*  Harvard Forest (1994-2003) Color Legend:
® Niwot Ridge (1999-2004)
* Lethbridge (1998-2004) tropical
*  Santarem KM83 (2001-2003) boreal
* Tapajos KM67 (2002-2005) sub-alpine
north-boreal
L ] H .
Castelporziano (2000-2005) mediterranean
* Collelongo (1999-2003)
®* El Saler (1999-2005) .
* Kaamanen (2000-2005) S
*  Hyylicic: (1997-2005) 200+ sites covering
* Tharandt (1998-2003) I b | f
*  Vielsalm (1997-2005) giobdl range o
climates
~A & ecosystems
LA 5 ¥ i R A :
Fac ‘e h:._,‘{-';-'_”;’ Atlantic FU™ _ % >




Evaluation of upscaled global
evapotranspiration

(a) Map of mean
Evapotranspiration from
1982-2008

(b) Predicted vs. Observed ET at
FLUXNET sites (10-fold cross-
validation from MTE training)

(c) Corroboration aganist river
catchment water balances

(d) Comparison against GSWP-2
land surface model ensemble
(16 models) stratified
according to bioclimatic zones

E’I'FLUXNE1 [mm/day]

7-
6
5
4
3
2.
1

." y/
0
0

Jung et al. 2010 Nature

SCHOOL OF GEOSCIENCES



FLUXNET Challenges

e o Sustain and Grow the Network that ask
and answer Network-Scale Questions

0 To sample representative Climates and Biomes
0 To sample representative Disturbance Classes

o0 Detect trends in Fluxes as Climate and Land
Use Changes

o Validate and Parameterize New Generation of
Land Surface-Atmosphere Exchange Models

0 Serve as Critical Partner in Machine Learning
Approaches to Flux Upscaling with Satellite
Remote Sensing

THE UNIVERSITY OF TEXAS AT AUSTIN

Baldocchi (2011)
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« Next Generation Data Assimilation

Multi-models, multiple datasets (tower fluxes, aircraft
measurements, satellite, etc), multiple data assimilation schemes,
fine-resolution, and long-term products, in collaboration with
NCAR IMAGe

nocdel e |[fp/—/—/—m—m——14—= . A1 jl] 1Al

Data Assimilation &
Research Testbed (DART)

BNCAR  mace: Data Assimilation Research Section 74




Thank youl

e A A Xitian Cai, Dr. Cedric David, Dr. Lindsey Gulden
; Lisa Helper
Dr. Bryan Hong
Dr. Xiaoyan Jiang, Dr. Marla Knebl
e o (| AL N Dr. Jeff Lo
e R Dr. Guo-Yue Niu
e ; Dr. Enrique Rosero, Dr. Hua Su

Drs. David Allen, Gordon Bonan,
Fei Chen, Jianli Chen, Robert Dickinson,
Michael Ek, David Gochis, Alex Guenther,
7.1 David Lawrence, David Maidment, Kenneth
",y Mitchell, Keith Oleson, Roger Pielke Sr., Georgiy
Stenchikov, Clark Wilson, Christine Wiedinmyer

EPA THE UNIVERSITY OF TEXAS AT AUSTIN
S wea JACKSON
TACG  NASA

NOAA

NSE ' SCHOOL OF GEOSCIENCES )
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Tower flux statistics (15 Sites,

hourly)
Latent Heat Flux | Sensible Heat Flux
r RMSE r M=
(W/m2) (W/m2)
CLM3 0.54 72 0.73 91
o{N|'K¥-W 0.80 50 65
o) :1: 8 0.80 48

Lawrence et al., 2011

OOOOOOOOOOOOOOOOOOO
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Abracos tower site (Amazon)

Latent Heat Flux Latent Heat Flux

=083 s 0.
glope = 1.05
rmse = 48.60
bias = 13.00

Model

CLM45SP
CLM3

77

Day fram January 1, 1992

Lawrence et al., 2011



%

Global Partitioning of
Evapotranspiration

70 -
60 -
50 e —
40 -
30 |
20
i= R0 B _
0 = -
CLM3 CLM4SP GSWP
~“ Transpiration ~ Ground Evap ™ Canopy Evap
JACKSON 7o

Lawrence et al., 2011 ~ SCHOOL OF GEOSCIENCES



How Can We Use Sophisticated Evaluation
Methods To Guide LSM Development?

Two schools of thoughts in LSM development and evaluation

LSM developers consider

1.

Increasing realism in
representing key
processes

Understanding feedbacks

and interactions

Maintaining synergism
between LSM and other
modules in the host GCM

Aiming for past, present,
and future climate
applications

Generalizing

parameterizations across

sites

LSM developers do not use
automated, sophisticated

evaluation tools.

Model Evaluation Pyramid

/

%
1§
QO
/c{;' Land Surface Model (CL
7.9 Noah, Vic, ...)
o

Model Structure
Augments (gw, dv, ...)

THE UNIVERSITY OF TEXAS AT AUSTIN E
MSON

SCHOOL OF GEOSCIENCES

LSM evaluators consider

1.

5.

Uncertainty in many
subsurface parameters
and other non-
measurable parameters

Uncertainty in
atmospheric forcing and
observations used for
evaluation

Calibration of the
parameters for the
augmented part only or
for the entire LSM

Evaluation in all
dimensions

Equifinality?

LSM evaluators
calibrate/evaluate LSMs

that already exist.
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A New Approach to Evaluating LSMs:
Ensemble Methods

RMSE SMCgeqy (%) no.ofuns
0 10

RMSE H (Wm-2)
80 20 8§ 8- Site 2 (dry) Site 8 (wet)

RMSE G (Wm2)
0 4

120 60

RMSE LE (Wm-2)
€)

@ o,
8
w
A,
j=4
g
c
o
£
S
5
&
Q
e
£
g
w
2
L
v
a

RMSE Tg (°C)

LE(Wm2)

sss°

no. of runs

RMSE H (Wm2)

1) Gulden, L.E., E. Rosero, Z.-L. Yang, et al., 2008: Model performance, model robustness, and model fithess scores: A new
method for identifying good land-surface models, Geophys. Res. Lett., 35, L11404, doi:10.1029/2008GL033721.
2) Rosero, E., Z.-L. Yang, et al., 2009: Evaluating enhanced hydrological representations in Noah-LSM over transition zones:

Implications for model development, J. Hydrometeorology, 10, 600-622. DOI:10.1175/2009JHM1029.1

THE UNIVERSITY OF TEXAS AT AUSTIN

JACKSON. :
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Continental River Dynamics and Petascale
Computing

High-resolution (30 m - 1 km) coupled atmospheric, hydrologic,
and river channel modeling and data assimilation system

-
- \/’—\/—
/\’ /ReJ_g\lonal Weather Model

 How much fresh water Is
available?

* How fast does it move?

« What is its sensitivity to
future climate change
and land use/land

et f cover change?

% : » Can we reliably monitor

floods and droughts?

- o l . TEXAS AT AUSTIN

Figure 1: Schematic diagram

components in continental water dynamics ON 81
_ {

" SCHOOL OF GEOSCIENCES Yang, Maidment, Gochis, et al.




Seamless Suite of Forecasts

Outlook

Guidance

Threats
Assessments

Forecasts

Watches

Forecast Lead Time

/ CalS)

/ SEAEIE

e
ZANEEK
/ -
1 Week

Hydropower
Agriculture
Reservoir
Control

THE UNIVERS!TY OF TEXAS AT AUSTIN

1/
Warnings & Alert Minutes
Coordination /
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Forecast
Uncertainty

Boundary Conditions
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Noah-MP
(2002 — 2007)

MODIS (1/4™ degree)
(Mar. 2000 — Jul. 2008)

SCHOOL OF GEOSCIENCES



Noah-MP
(2002 — 2007)

NESDIS (0.144 degree)

(Gutman & Ignatov, 1998)
(5-year mean)

84




Kalman Filter:

Given R.V. X and its observation y, with noise
maghnitude of R,

Y=X+vV (can be generalized to Y=H(X)+V), X,

Y and v are normal distribution

Best estimation of X given Y=y (minimum
variance)

Mean of conditional distribution

E(X Y =y)=[f(X]Y = y)dX __ R ey

Var(X)+R Var(X)+R Y

THE UNIVERSITY OF TEXAS AT AUSTIN
]MKSON 85
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Status of Global Network, 500+ Sites

Networks
A AmeriFlux
A AsiaFlux
A CARBOAFRICA
A CarboEurope IP

A Carbomont
A ChinaFLUX

A Canadian CP

A Other

A KoFlux

A LBA

A OzFlux

A Sardinilla Proj

A TROPI-DRY : o

& o ' @ FLUXNET @%
=l October 2010, 524 Sites o n&

A Unaffiliated

Being Registered Does not mean Active or Contributing Data

THE UNIVERSITY OF TEXAS AT AUSTIN
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http://www.fluxnet.ornl.gov/fluxnet/Maps/October2010/political_fluxnet_networks_fullsize.png

Highlights / Successes

Papers in Science and Nature

o Beer et al; Mahecha et al; Jung et al.
Explosion of Synthesis Papers

New Generation of Spatial Upscaling Papers
o Xiao et al; Jung et al; Beer et al; Mu et al.
Citation Count is Growing

Published Items in Each Year Citations in Each Year

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

'JA ]ACKSON _
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Concluding Comments

We Must Continue to Work Together to Address
Important and Contemporar?/ Questions Pertaining to
Earth System Science and Climate Change

A Large and Growing Community of Modelers and
Synthesis Scientists are Dependent Upon our Data

Data are Produced with Govt Support, so it is the
Ethical Duty

Protections are in place to protect Data, PIs and
Students in the Short Term, 1-2 years

It should be the obligation of PIs to Release Data Sets
ig the Long-Run, e.g. Older Datasets, to Advance
cience

THE UNIVERSITY OF TEXAS AT AUSTIN

SCHOOL OF GEOSCIENCES

Baldocchi (2011)



