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Role of Vegetation in Models

e Evapotranspiration from Healthy Vegetation

— Significant contribution of moisture transport into
boundary layer, esp. in warm season

— Important to represent vegetation density accurately in land
surface models

 Horizontal and Vertical Density of Vegetation
— Greenness Vegetation Fraction (GVF), horizontal density
— Leaf Area Index (LAl), vertical density

— In operational Noah Land Surface Model (LSM), LAl is
prescribed while GVF varies spatially by model grid cell
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Current Operational GVF Dataset

 Five-Year Monthly Global Climatology
— Derived from AVHRR Normalized Difference Vegetation Index
(NDVI) data from 1985-1991
— 0.144° resolution, valid at mid-point of each month
— Default dataset in Noah LSM within WRF community model
and NASA Land Information System (LIS)
— Operational at NCEP since 1997 (Ek et al. 2003)

e Cannot account for variations in GVF due to:
— Weather/climate anomalies (e.g., drought / Temp extremes)
— Land-use changes since the early 1990s (e.g., urban sprawl)
— Large wildfires and prescribed burn regions
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SPoRT Daily Real-Time Vegetation Product

Continental-U.S. NDVI/GVF grid at 0.01° resolution

— NDVI from real-time MODIS swaths, mapped to CONUS grid

— Time-weighted NDVI composites produced from up to 6 NDVI
values in the previous 20 days (negative NDVI excluded)

— Daily composites generated since 1 June 2010
— Calculate GVF on 0.01° grid for use in Noah LSM in WRF & LIS

Create distributions of NDVI ., as function of land use class at point i
Obtain 90th percentile NDVI, ., for each land class (NDVI,,, )

Obtain 5th percentile NDVI_, for barren land use (NDVI
Calculate GVF using the following formula:

min)

_ NDVI,-NDVI,,, il )
" NDVI, ,—NDVI_, J‘ k
* Missing data filled by GVF climatology oo L) ‘l—ﬁ.
|\IDVImin |\IDVImax,i
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Examples of MODIS GVF
Deviations from Climatology
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GVF 1-year Diff on 15 July: 2010 to 2011

RT/MODIS GVF (%) on 15 Jul 2010 SPoRT/MODIS GVF (%) on 15 Jul 2011

o : _ e

Big 1-yr diff in GVF

— TX was very wet in
early summer 2010

— Virtually no rain in
TX/OK in 2011

— 1-yr reduction in
GVF, up to 40%+

— Shows how much

e~ GVF can change from
15 Jul July 19, 2011

(Released Thursday, Jul. 21, 2011)
Valid 7 a.m. EST
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SPoRT/GVF Difference (15 Jul 2011 —
40N T

Drought Conditions (Percent Area)

MNone | DO-D4 | D1-D4

Curment 12.21 | 87.79 | 80.28

Last Week

7A2.8011 10.69 | 89.31 | 80.67 | 72.07 | 64.19 | 48.35

3MonthsAgo | 4475 | gg0g 8097 | 6761|4434 | 815
4132011

Start of
Calendar Year | 1228 | 87.72 | 5895 | 31.71 | 11.37 | 0.00
1:4/2011

Start of

Water Year 5423 | 4577 | 2004 | 679 | 083 | 0.00
9282010

One YearAgo | 5393 | 4507 | 7.48 | 277 | 0.00 | 0.00
7202010

Intensity:
D0 Abnomally Dy - D3 Extreme D mought
D1 Moderate Drought - D4 Exceptional Drought

et

23n } iz
108% 106W 104% 102w 1 GO 98w Bl 94 YZW oW D2 Severe Drought
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mer 2012 Drought in Midwest: 1 Sep GVF

SPORT/MODIS GVF valid 20120901 (7

U.S. Drought Monitor September 4, 2012
(Rel d Thursday, Sep. 6, 2012}
CONUS a7 am EsT

Drought Conditions (Percent Area)

None | D0-D4 | D1-D4 | D2-D4 f{meEal ]

Cument 2054 | 7746 | 6339 | 4248 (2145 | B 14

Last Week

2082012 2231|7769 | 6289 | 4234 [ 2318 | 604

3MonthsAgo [ 4 o4

e52012 63.99 | 2860 | 18.92 | 460 | 0.60

Start of
Calendar Year | 5041 | 4959 | 3190 | 1883 [ 1018 | 332
1472012

Start of
Water Year | 56.45 | 43.55 [ 29.13 | 23.44 [ 17.80 | 11.37
sar2ett

One YearAgo | 5553 | 4347 | 30,00 | 2237 | 18.08 | 1120
362011

Intensity:
DO Abnomally Dry - D3 Extreme Drought
B n1uoderate Drought M D4 Exceptional Drought

“rought

tl. o p ~ on broad-scale condiions.
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B
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ale of Two Marches”: 2012 and 2013

THE TALE OF TWO MARCHES

_ MARCH IsT-18TH, 2012 MARCH |IsT-18TH, 2013
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DIFFERENCE FROM AVERAGE TEMPERATURE (°F)
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DATA SOURCE: RCC-ACIS.ORG - APPLED CLIMATE INFORMATION SYSTEM CLIMATE OD CENTRAL
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f%"Tale of Two Marches”: Effect on GVF

SPoRT/GVF Annual Diff on 0331 (2013 — 2012)
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SPoRT-MODIS GVF Incorporated into LIS & WRF

e Daily MODIS GVF used in long-term LIS-Noah
spin-up simulations in place of climatology GVF

e MODIS GVF data formatted for WRF and WRF/EMS

community modeling systems
— Simple changes to “geogrid” program table files
— Re-initialize WREF static fields each day

e SPoRT NWS WFO partners using MODIS GVF in local
real-time simulations to address forecast challenges

— Convective initiation (Cl)
— Temperature forecasts
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July 2010 WRF Severe Weather Case Study

il

-

cntr]l Greenness Vegetation Fraction (GVF, %)

 Urban areas can be
resolved much better
by the SPORT GVF.

* Higher GVFs prevail
from NE to ND due to
wet Spring
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17 Jul 2010, WRF 21-h fcst: 2-m Temp

cntrl 2-m Temperature (C) valid 100717/2100V021 sportgvf 2-m Temperature (C) valid 100717/2100v021
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western portion of the focus
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g 19 bo-be
3
0
7
]
1
8
5
2
3
6
9
12
15
18




fcst: 2-m Dewp/CAPE

cntrl CAPE (J/kg) valid 100717/2100V021 sportgvf CAPE (J/kg) valid 100717/2100V021
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e Higher GVF values led to higher 2-m dewpoints
e Net result was an increase in CAPE up to 1000 J kg
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cntrl 1-h Precip (mm) valid 100718/0300v027
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* Both model runs close on placement with

initial development and movement

* Some intensity variations
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17 July 2010, WRF Fest 1-h precip: 27/33 h
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data to the operational weather community

e cntrl run moves convection southward
through lowa too quickly

e sportgvf run correctly re-develops
convection along IA/NE border and has
slower evolution in lowa




NOAA/NESDIS VIIRS GVF Product

Future real-time product; generated daily
— Global coverage at 4-km resolution (10000 x 5000); netcdf4

— Updated daily with previous week of VIIRS swath data
» Surface reflectance composites based on view-angle adjustments
* Max value from previous 7 days retained for each daily composite
e GVF computed from Enhanced Vegetation Index (EVI); 3 channels (NIR, red, blue)

NESDIS/VIIRS formulation: SPoRT/MODIS current formulation:

T NIR — red NDVI — NIR — red
~ " NIR + 6red — 7.5blue + 1 " NIR + red
EVI-EVIn GVF = L2VIZNDVImin_ . \yhere

GVF = - where NDVIpax—NDVIpin

NDVI,,;, = 5" percentile of NDVI values
for a given land-use type
NDVI,, ., = 90™" percentile of NDVI values
for a given land-use type
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Surface Based CAPE and Magnltude of CIN (Jkg)
VIIRSGVF 48=—h Forecast 12

Good correspondence
between GVF climo

(left columns) and

VIIRS GVF (right columns)
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¢ VIIRS GVF provides much
N R S 0L he “G2\| more detail in complex

100

Simulated sfc CAPE shows
sensitivity to different
| input GVF (as expected)
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& [Red = lower VIIRS GVF
4 than climo = lower CAPE]
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[Blue = higher VIIRS GVF
& than climo = higherCAPE]
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Summary and Future Work

e SPORT developed CONUS ~1-km MODIS ol |
GVF dataset (1 June 2010 to date) ' The Future

| NEXT EXIT M

e Daily MODIS GVF used in local modeling !4’45-—-—-—-—:-—_._@‘&;
applications by select NWS forecast offices

 Real-time vegetation data have potential
to improve model performance in warm season

e Future work with NESDIS VIIRS GVF
— Transition to 4-km NOAA/NESDIS global VIIRS GVF product

— Code development already completed by SPoRT for both
NASA LIS and WRF modeling frameworks
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~ - GVF Comparison: 17 July 2010
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NCEP /AVHRR GWF (%) valid 17 JUL SPoRT/MODIS GVF (%) valid 17 JUL 2010
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GVF Diff (SPoRT—NCEP) walid 17 JUL 2010
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* Improved resolution
— Ability to resolve vegetation
variation in complex terrain
* Greener in Western U.S.
— Nearly 20-40% over High Plains
— High Plains rainfall well above
average in previous 3 months
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2-m Temperature B Ias 2-m Dewpoint
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GVF Diff (sportgvf-cntrl) valid 110522/0000V000
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2 May 2011, WRF fcst 1-h precip: 23/27 h

cnirl 1-h Precip (mm) valid 110522/2300V023 sportgvf 1-h Precip valid 110522/2300V023 cnirl 1-h Precip (mm) valid 110523/0300V027 sportgvf 1-h Precip valid 110523/0300V027
pe p 'r—

RS- 2%
* More intense 1-h rain rates in sportgvf run « After event, sportgvf run better handles
just prior to tornadic event squall line evolution into Arkansas
* Both runs have too much false alarm in AR * Reduced false alarm in central Arkansas
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