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1. INTRODUCTION al. 2001; Kurkowski et al. 2003; Oleson and Bonan 2000;
Zeng et al. 2000).

Land surface characteristics play a critical role in the Proper specification of initial soil moisture and tem-

ngg:éon gfet/r;?a?ligetigmboanne(jri;y cIJ?ytireolfatnho(la Saljr;;(; erature is also imperative for land surface models to
tff)at si .nificantl affeg:/t surfapce sensible heat and mois- ceurately forecast surface variables (Crawford et al.
9 y 2000). Soil moisture affects runoff and is important in

ture fluxes mglude soil temperature and moisture, .frac'regulating the interchange between latent heat flux and
tional vegetation coverage £), and green leaf area in-

dex (LAI). The lack of observational data for accurate sensible heat flux. Without accurate soil information, the
specification of these components in model initial Condi_planetary boundary layer scheme may incorrectly dis-

i . o . . tribute heat near the surface. Substrate temperatures may
tions is one of the most difficult aspects in the evaluation . ; :
be too cold or warm, leading to a cooling or warming

of land surface models. Soil temperature and moisture. .
measurements are unavailable in most areas and routi%’éaS atthe surfape (Dudhia l996): L I
In an effort to improve the specification of initial con-

observations of; and LAl are not available at high res- ditions, and to ultimately facilitate improved model fore-
olution, i.e., with pixel widths on the order of 1 km and casts ,a modified vers)ilon of MM5 ?ngested near real-
daily updates. This gap in our observational Capab'“'ttime o; and LAl fields at 1-km resolution. These veg-

ties seriously hampers the evaluation and improvemen tation indices originated from daily updates of National
of land surface model parameterizations, since it is Ver%ceanic and Atmgs heric Adminié/tragion (NOAA) Ad-
likely that model errors are related to improper initial P

" . S vanced Very High Resolution Radiometer (AVHRR) nor-
?Jggg)r?: as much as to inaccuracies in the model formalized difference vegetation index (NDVI) data. The

The Penn State—National Center for Atmospheric Re_model also incorporated real-time soil temperature and

search fifth-generation Mesoscale Model (MM5) version‘;n dod'istggge trges‘asurlemer}tnsit]ic;?rgotnic?nkéi?&rgatmgsggﬁééln
3 (Dudhia 1993; Grell et al. 1994) implements a monthly pplyIng ’

climatology for fractional vegetation coverage and acon_netvvork of surface observations over the primary study

stant leaf area index (LAI). Studies have shown that suclﬁa(raesas1 ?ﬁgvi'gﬁ Se?ur:rzaegfn ?rrtlo r\gevrgg I;Au“r/:‘gégr?nﬁﬁgltsc:gﬂgi?oﬁz-
coarse resolution data based solely on climatology arg P

insufficient to capture the detailed surface characteristicg;:;ﬁn?nsgfn:g;t?gggﬂég dhzjffg%vewggtze;'g?ﬁed'Sr%lés;
necessary to properly initialize a land surface parame- 9 P

terization (e.g., Chang and Wetzel 1991 Crawford et al_dure for assimilating those data into the model, illustrate

2001, Krkowski ot al. 2009). By usig cimatological 2 COTPAron ofsevera ey surfce vaiables o difer
values for land surface characteristics, the model doe 21 conditions on mé)del forecasts apnd discugs imolica-
not account for short-term or annual variability in vege- ’ P

tation coverage and condition due to daily variations intlons for further data requirements.
rainfall, seasonal droughts, flooding, forest fires, irriga-
tion, deforestation, desertification, crop harvesting, land2. DATA
usage, hail or tornado damage, and temporal variation
in the growth and senescence of green vegetation. Mod-
eling studies implementing near real-time land surface The Oklahoma Mesonet is a network of automated
characteristics from satellite observations have showurface observing stations, with at least one site in each
great promise for improving forecasts (e.g., Crawford etof Oklahoma’s seventy-seven counties. Measurements of
atmospheric variables occur every five minutes at each of
the 116 sites. All sites measure soil temperature every
*Corresponding author addres€hristopher M. Godfrey, University  T1fteen minutes at a depth of 10 cm under both bare soil
of Oklahoma, School of Meteorology, 100 E. Boyd Street, Suite 1310,and native vegetation. Approximately half of the sites
Norman, Oklahoma 73019; e-mail: christopher.godfrey@noaa.gov. measure soil temperature at a depth of 5 cm under both
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bare soil and native vegetation and at a depth of 30 crment study employed a fifteen-day observation window
under native vegetation. Sixty sites also take reading$or computing maximum NDVI composites.

every thirty minutes that can be converted into soil mois- The model grid cell fraction where midday downward
ture values at levels of 5, 25, 60, and 75 cm below thesolar radiation is intercepted by a photosynthetically ac-
surface. Seventy-five sites measure ground heat flux angbe green canopy (Chen et al. 1996) defimgs This
total net radiation every five minutes. A special suite ofacts as a weighting coefficient between direct evapora-
instruments augments the standard instrumentation at tetion from the top soil layer, evaporation of precipitation
sites, thereby measuring sensible and latent heat flux andtercepted by the canopy layer, and transpiration from
the four components of net radiation every five minutesthe vegetation. Depending on the season and the area of
All data fall subject to rigorous quality assurance proce-interest,o; could conceivably range from 0% to 100%.
dures in order to produce reliable research-quality datahe ratio of total leaf area to its covered ground area
(Shafer et al. 2000). A complete description of the Okla-(Zhangshi and Williams 1997) defines the LAIl, which
homa Mesonet, including sensor specifications, appealis a measure of the vegetation biomass. Typical values
in Brock et al. (1995), while Basara and Crawford (2000)of LAl vary depending on the biome represented in a

describe the soil moisture instrumentation. satellite pixel, but may have maxima between 6 and 8
for deciduous forests and between 2 and 4 for annual
2.2 NOAA AVHRR satellites crops. Desert and tundra yield low LAl values near 0.1,

while LAI for coniferous forests may exceed 15. Area-

The AVHRR subsystem resides aboard several NOAA,araged LAI values such as those measured by satellite
Pplar Orb|t|n.g Environmental Sgtellltes (POES). EaChdispIay lower maxima and a narrower range of values
flies at an altitude of 833- 19 km in a sun-synchronous o point measurements (Scurlock et al. 2001).

;)_rbit V\f"m a p(:-ri”o_fl ,Of 101.6: 0.5 min.t TT? local fotl.?rd Since NDVI is a function of botlry and LAI, Gutman
Ime ot the satellite s passage IS constantior any latitude, , 4 Ignatov (1998) concluded that beth and LAl can-

Thus, multiple images of the same location show the,q; o regarded as two independent pieces of information

same sun angle, excepting changes in illumination oveL 4 should not be used to :
. 4 . X . gether in the same land-surface
long time periods due to orbital drift (Kidwell 1998). ;2 eterization. However, it is advantageous to provide

Two primary §atell!tes work in tandem to S?mp'e thg €Mthe model with as much information as possible. The two
tire planet daily, with several backup satellites available

: ; . vegetation indices are relatively independent within the
should a primary satellite fail. The AVHRR subsystem |, o \rtace model selected for this study. LAl is used
measures six spectral channels with a field of view of 1.

R o I o calculate canopy resistance, whilgis used to calcu-
r_n|II|rad|ans by 1.3 m|_II|rad|ans, giving a ground resolu- late evaporation terms. Together, LAl angl specify the
tion of 1.09 km. Details of the newest AVHRR/3 system st

tin Goodrum et al. (2001 total canopy evapotranspiration.
appea oodrum et al. ( : ) o . Errors introduced by the dual specification of vege-
Several types of vegetation indices derive fromta

. tion parameters from a single NDVI observation are
AVHRR data (e.g., Mia et al. 2004), but NDVI is the P g

— ) likely smaller than the inadequacies inherent in the
most popular vegetation index used to deiyeand LAl 1, 1qa1 - For example, at 1-km resolutiany and LAl
NDVI is given by

observations are smoothed in all but the smallest nested
P2 — p1 domain. In addition, Eta model analysis fields on a 22-
NDVI = , Q) km grid provide initial conditions for MM5. Presum-
P2+ ably, then, errors from the incorrect specification of ini-
wherep; andp, are reflectance measurements by a sili-
con detector in AVHRR channels 1 (0.58-06&) and
2 (0.725-1.0Qum), respectively (Goodrum et al. 2001;
Gutman and Ignatov 1998). The high reflectance of near \
infrared light (p2) and the low reflectance of visible red
light (p1) on vegetation produce larger values of NDVI. 7
Conversely, the low reflectance of near-infrared light and '
high reflectance of red light from clouds, snow, water,
and bare soil produce low (typically negative) values of 3
NDVI (Zhangshi and Williams 1997). NDVI is useful | / ° [4]
because it partially compensates for changes in illumif+--__ L
nation, surface slope, and viewing angle, all of which|| * % e |
strongly affect observed radiances (Gutman et al. 1995) } ol o “x
Traditionally, composite maximum NDVI images over / ' A
a period of weeks are effective at eliminating low NDVI | 1 ? “ m
values due to cloud contamination and provide for ap-
propriate parameterizations of vegetation coverage (€.gric. 1. Location of the four nested MM5 domains with 27-, 9-, 3-, and
Crawford et al. 2001; Kurkowski et al. 2003). The cur- 1-km resolution.
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tial conditions, particularly on scales of 1 km, vastly out- The second MM5 (MM5VEG) initial condition in-
weigh the importance of errors introduced by simultane-cludes the 1-km resolutions and LAl observations de-

ous derivation oty and LAL. rived from a 15-day NDVI composite. These data are
interpolated to all four nested model domains. Pixel val-
3. METHOD ues within a grid square are averaged to obtain a final

value at the center of each grid square (the cross point).
The primary study area focused on Oklahoma due teA modified MM5 accepts an array of LAI values at cross
the availability of Oklahoma Mesonet observations for points for all domains. Satellite-derived and LAl data
soil measurements and model verification. MM5 pro-cover a swath similar to the area of domain 2. LAI val-
duced 48-hour forecasts on four nested model domainges for cross points outside the area of the satellite pass
with 27-, 9-, 3-, and 1-km resolution (Fig. 1) and 23 in domains 1 and 2 are set to a constant 4.0.
vertical levels. National Centers for Environmental Pre-  tha third MM5 (MMS5SOIL) initial condition uses

diction (NCEP) Eta model analyses initialized the MM5 \1aconet soil data, but climatology for the vegetation.

forecasts and Eta model forecasts provided boundaryg two-pass Barnes analysis (Barmnes 1973) yields fields

conditions every six hours. Specific user-defined optiongys ghserved soil temperature at depths of 5, 10, and 30

included the Kain and Fritsch (1993) cumulus parame, peneath native vegetation and soil moisture at 5, 25,

terization on domains 1 and 2 only, the Medium-Range, 4 60 cm depth on MM5 model domains 3 and 4. The
Forecast model (MRF) PBL parameterization (Hong ang;ﬂnalyses are optimized to produce a large response for

Pan 1996), simple ice microphysics (Dudhia 1989), and,,asoscale waves. but to dam atin hi
g o , p unrealistic high frequency
the Rapid Radiative Transfer Model (RRTM) longwave \, 5 e5 across Oklahoma. Measurements of soil tempera-

radiation scheme (Mlawer et al. 1997). The Oregon Statg ;. and moisture from the Oklahoma Mesonet replace

University land surface model (OSULSM) was chosenjnitia| Eta model analyses interpolated to each nested
as the multi-layer soil model because it is very similar to

; . M5 domain. Two of the four initial soil temperature
the land surface model used in the operational Eta modg yers are modified in MM5. The Mesonet observations
and should facilitate the initialization of soil moisture in '

. s _ = ' of soil temperature at a depth of 5 cm replace the initial
MMS5 (Chen and Dudhia 2001). Four different initial ,qqe| soil temperature in the 0~10 cm layer. The second
conditions for the soil and land surface are used to ex

lore the importance of the land surface on the mode- odel Iayer_is the Iayer.average_temperature from 10_-40
Eorecasts P m. To maintain consistency with soil temperatures in

: . the deeper model layers, a cubic spline interpolation is
The control MMS5 (CNTRL) uses a climatologica}, it petween all three observed soil temperatures and the
assumed valid in the middle of each of the 12 months Ognitial model soil temperature in the 40-100 cm layer.
the year, produced from a 5-year climatology of NDVI 1he 40100 cm layer temperature is assumed valid at a
observatlo_ns (Qutman and Ignatov 1998). Values]of_ depth of 70 cm. The interpolated value at a depth of 25
at each grid point are temporally interpolated according., replaces the initial MM5 soil temperature in the 10—

to the day of the month for each model run. The modelyq oy layer. The observed volumetric water content at

also assumes a constant LAI (the default is set t0 4.0)y gepth of 5 cm from the Mesonet replaces the initial
regardless of the season or location.
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FIG. 2. Fractional vegetation coverage (percentage) for domain 3 cal¥iG. 3. 17 May 2004 fractional vegetation coverage (percentage) for
culated from a maximum NDVI composite over the period 1-15 May domain 3 based on a 5-year climatology. Blue areas indicate water
2004. Blue areas indicate water bodies. bodies.



hour forecasts initialized by 1200 UTC Eta analyses dur-
ing the period 1 April-30 September 2004. Results from
9-, 24-, and 33-hour forecasts of 2-m air temperature and
mixing ratio on domain 3 for each model run were com-
pared with corresponding Mesonet observations. This
procedure highlighted several good and bad forecasts for
further study. For selected cases, the four MM5 initial
land surface and soil conditions are used with the same
atmospheric initial and boundary conditions to produce
48-hour forecasts. Results from all four types of fore-
casts are compared with Mesonet observations by inter-
polating model forecasts to Mesonet station locations.
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Based on the comparison of daily control forecasts

FIG. 4. Leaf area index (dimensionless) for domain 3 calculated fromWlth Mesonet observations, the model forecast initialized

a maximum NDVI composite over the period 1-15 May 2004. Blue
areas indicate water bodies.
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FIG. 6. Initial soil temperature (K) in the 0-10 cm layer analyzed from

. . . . Oklahoma Mesonet observations for domain 3.
FiG. 5. Initial soil temperature (K) in the 0-10 cm layer for the domain

3 control forecast. 130 E W] B ‘ \‘ T \ ol 7
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soil moisture field in the 0—10 cm model layer. The 25 3
cm volumetric water content measurements replace th™" -
initial soil moisture field in the 10-40 cm model layer, ™[ 1
and the 60 cm volumetric water content measurement ™ 7 o =
replace the initial soil moisture field in the 40-100 cm ™[ J
model layer. The initial soil temperature field in the 40— * .
100 cm layer and both the soil temperature and moistur® & o
fields in the 100-200 cm layer remain unchanged from * ¢ | .
the interpolated Eta analysis for domains 3 and 4. All ® =
soil fields for domains 1 and 2 also remain unchangec * ¢
from the interpolated Eta analysis. 0 > ", ‘

The fourth MM5 (MMSVEGSO'L) initial condition 10 20 80 40 50 o0 70 80 90 100 110 120 130 140 150 160 170
uses the 1-km AVHRR-derived; and LAI values along
with the soil data from the Oklahoma Mesonet. This ini-
tial condition provides the mos_t_accurate specification OfFle. 7. Difference in initial soil temperature (K) in the 0-10 cm layer
the land surface and soil conditions for the model. after subtracting 1200 UTC analyzed observations from the initial con-

An unchanged version of MM5 computed daily 48- trol forecast field.
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FiG. 8. Initial soil temperature (K) in the 10-40 cm layer for the do- FiG. 10. Initial soil moisture (M m—3) in the 0—-10 cm layer for the
main 3 control forecast. domain 3 control forecast.
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ing the impact of improved initial conditions on forecasts
of radiative fluxes and maximizes the potential for isolat-
ing the effect of the land surface model on near-surface
atmospheric variables.

The four MM5 forecasts were initialized at 1200 UTC
on 17 May 2004 using an Eta analysis interpolated to all
four model domains. LAl and derived from a 15-day
maximum NDVI composite over the period 1-15 May
2004 illustrate the stark contrast between observed (Fig.
2) and climatological (Fig. 3y ; values for this time pe-
riod. In addition, the LAI ranges from near 1.0 in west-
ern Oklahoma and urban areas to greater than 7.0 in the
ey . forests of southeastern Oklahoma (Fig. 4). This informa-

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 tion iS C|eal’|y |OSt When MM5 emp|oys a constant LAI
ASNENNSEWNRNWSNEWNENREMRS- _ Caa| in control forecasts. MM5SOIL included climatological
I o, constant LAI, and soil temperature and moisture ob-
Fic. 9. Initial soil temperature (K) in the 10-40 cm layer analyzed S€rvations at 1200_L_JTC on 17 May 2004 _from the Okla-
from Oklahoma Mesonet observations for domain 3. homa Mesonet. Initial soil temperatures in the 0-10 cm
layer of CNTRL (Fig. 5) and MM5SOIL (Fig. 6) differ
by several Kelvin in some locations (Fig. 7). Differences
at 1200 UTC 17 May 2004 was selected for further study.on the order of several Kelvin also appear between the
The 2-m air temperatures exhibited a warm bias of sevinitial soil temperatures in the 10—-40 cm layer of CNTRL
eral degrees Celsius across domain 3 at forecast hours(Big. 8) and MM5SOIL (Fig. 9). Similarly, large differ-
and 33 (late afternoon) and a cool bias at forecast houences exist between the initial soil moisture field in the
24 (early morning). The model also exhibited a dry 2-0-10 cm layer in CNTRL (Fig. 10) and the initial field in
m mixing ratio bias at these times. No precipitation fell MM5SOIL (Fig. 11). Maximum differences are on the
across domain 3 during the 48-hour forecast period exerder of 50% of the range of observed values across the
cept 3 mm on the morning of 17 May at a Mesonet sta-domain (Fig. 12). Similar results appear for the initial
tion in the extreme southeast corner of the domain and0-40 cm layer (Figs. 13 and 14) and 40-100 cm layer
2 mm on 18 May at a single station in extreme northern(Figs. 15 and 16) soil moisture fields for both forecasts.
Oklahoma. Clouds moved across the region during thdVM5VEGSOIL included both satellite observations and
forecast period, particularly over eastern Oklahoma, busoil temperature and moisture observations in the model
a strong cap prevented widespread convection. Strongpitialization.
southerly winds crossed the state in advance of an ap- Root-mean-square error (RMSE), mean absolute error
proaching cold front and a dryline existed in the Texas(MAE), and bias (Wilks 1995) for forecasts of 2-m air
Panhandle, but no strong synoptic features passed ovéemperature and mixing ratio, 10-meter wind magnitude,
domain 3. The poor control forecast under synopticallyand soil temperature and moisture for all of domain 3
guiescent conditions makes this an ideal case for studyiflustrate the performance of each forecast. Errors are

120

110

100

80

80

70

A

80

[

|




70

a0

B0

40

30

20

L L I I I L L
10 20 30 40 50 60 70 80 B0 100 110 130 130 140 150 1860 170 16 20 30 40 50 60 %0 80 90 100 110G 120 130 140 150 180 170

T T T T T T T T T T T T T T T T T T T I
FIG. 11. Initial soil moisture (i m~3) in the 0-10 cm layer analyzed FiG. 14. Initial soil moisture (i m~3) in the 10—40 cm layer analyzed
from Oklahoma Mesonet observations for domain 3. from Oklahoma Mesonet observations for domain 3.
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FIG. 12. Difference in initial soil moisture (fxm—3) in the 0-10 cm  FIG. 15. Initial soil moisture ( m—3) in the 40-100 cm layer for the
layer after subtracting 1200 UTC analyzed observations from the initialdomain 3 control forecast.
control forecast field.
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FiG. 13. Initial soil moisture ( m—3) in the 10-40 cm layer for the ~ FIG. 16. Initial soil moisture ( m~3) in the 40100 cm layer ana-
domain 3 control forecast. lyzed from Oklahoma Mesonet observations for domain 3.
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FiGg. 17. 2-m air temperature bias (K) after comparison with Okla- Fic. 19. 10-m wind magnitude bias (nT$) after comparison with
homa Mesonet observations in domain 3 for control (black), MM5VEG Oklahoma Mesonet observations in domain 3 for control (black),
(blue), MM5SOIL (green), and MM5VEGSOIL (red) forecasts initial- MM5VEG (blue), MM5SOIL (green), and MM5VEGSOIL (red) fore-
ized at 1200 UTC 17 May 2004. casts initialized at 1200 UTC 17 May 2004.

based on observations from no fewer than 108, 99, anaere clearly more accurate in MM5SOIL.

53 Mesonet sites within domain 3 for atmospheric vari- Given the marked discrepancy between observed and
ables, soil temperature, and soil moisture, respectivelyclimatologicalo ; and the observed departure from a con-
Forecast errors for domain 3 are very similar and represtant LAl in MM5VEG, and increased initial soil mois-
sentative of the forecast errors for domain 4. MM5SOIL ture in MM5SOIL, one would expect large changes in
generally produced the best results, reducing bias errofatent heat flux in some areas (Fig. 22) compared with
for temperature and mixing ratio forecasts during the dayCNTRL. The maximum difference between the domain
(Figs. 17 and 18). The unrealistic spike in mixing ratio 4 MM5VEG and MM5SOIL forecasts of latent heat flux
errors around sunset (forecast hours 12 and 36) appeaas Norman, Oklahoma exceeds 180 W n Addition-

to be an artifact of the interpolation of the mixing ratio ally, the maximum difference in sensible heat flux is
from the lowest sigma level to 2 m above ground levelgreater than 115 W n? (Fig. 23). Differences are even
at a time when the planetary boundary layer undergoes krger for lower-resolution domain 3 forecasts. Sen-
rapid transition to nighttime stable conditions. All wind sible heat flux bias errors for MM5VEG exceed 100
magnitude forecasts differed only slightly (Fig. 19). Soil W m~2 during the daytime, though MM5SOIL does re-
temperature (Fig. 20) and soil moisture (Fig. 21) valuesmarkably well (Fig. 24). Consistent with results from
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FiG. 18. 2-m mixing ratio bias (g kg') after comparison with Okla-  FiG. 20. Soil temperature bias (K) in the 0—10 cm layer after com-
homa Mesonet observations in domain 3 for control (black), MM5VEG parison with Oklahoma Mesonet observations in domain 3 for control
(blue), MM5SOIL (green), and MM5VEGSOIL (red) forecasts initial- (black), MM5VEG (blue), MM5SOIL (green), and MM5VEGSOIL
ized at 1200 UTC 17 May 2004. (red) forecasts initialized at 1200 UTC 17 May 2004.
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shall et al. (2003) discuss similar problems with Eta
model simulations. The overestimated shortwave radi-
ation could be overwhelming the effect of changes in the
land surface model initial conditions. This illustrates the
profound difficulty in evaluating individual model com-
ponents when all of the schemes are interdependent.

5. CONCLUSIONS

Modifications to the initial vegetation and soil fields
clearly affect forecasts produced by the OSULSM. Large
discrepancies exist between climatologieal and ob-
servedo; derived from a fifteen-day maximum NDVI
composite. Initial soil moisture fields initialized by the
Eta model are generally too dry, while soil temperature

FiG. 21. Soil moisture bias (fim—3) in the 0-10 cm layer after com-

parison with Oklahoma Mesonet observations in domain 3 for control F
(black), MM5VEG (blue), MM5SOIL (green), and MM5VEGSOIL 400p
(red) forecasts initialized at 1200 UTC 17 May 2004. F
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FiG. 23. Sensible heat flux (W m?) at Norman, Oklahoma for control
(black), MM5VEG (blue), MM5SOIL (green), and MM5VEGSOIL
(red) domain 4 forecasts initialized at 1200 UTC 17 May 2004, and
corresponding observations (dashed).
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FiG. 22. Latent heat flux (W m?2) at Norman, Oklahoma for control

(black), MM5VEG (blue), MM5SOIL (green), and MM5VEGSOIL
(red) domain 4 forecasts initialized at 1200 UTC 17 May 2004.

Marshall et al. (2003), both of these factors contribute
to lower daytime temperature and mixing ratio bias er-
rors for the MM5SOIL forecast and higher bias errors
for the MM5VEG forecast compared with the control
forecast. At Norman, these factors result in a maximum
temperature difference between the domain 4 MM5SOIL
forecast and the MM5VEG forecast of greater than 3°C,
though daily maximum temperatures still exceed obser:
vations for all four forecast types (Fig. 25).

All four forecasts consistently overestimated the quan- R O S R SR
tity of incoming shortwave radiation compared with ob- 0 6 2 18 Forecg; o Y B2 8
servations under clear skies. This difference between

fqrecaStS a”‘?' obser\{atlons 1S prObably not a result 9f:|e. 24. Sensible heat flux bias (WTR) after comparison with Okla-
dirt and debris covering Mesonet pyranometers, but isioma Mesonet observations in domain 3 for control (black), MM5VEG
perhaps due to a lack of attenuation and absorption byblue), MM5SOIL (green), and MMSVEGSOIL (red) forecasts initial-
aerosols and ozone in the model radiation scheme. Mafzed at 1200 UTC 17 May 2004.
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several days. Realistic specification of these fields can
significantly improve forecast accuracy.

Operational forecasts that assimilate improved land
surface conditions will require additional data. Mod-
ernized synoptic observations should include soil mea-
surements in order to minimize surface initial condi-
tions on a larger scale. The Earth Observing System
(EOS) Moderate-Resolution Imaging Spectroradiometer
(MODIS) is still experimental and has an uncertain fu-
ture. However, this satellite provides daily coverage in
36 spectral bands at 250—-100-m resolution (Justice et al.
1998) and would provide even higher resolution vegeta-
tion information than presently available from AVHRR
L ‘ ‘ M measurements.

o & T M ¥ E Further studies will refine the data assimilation pro-
cess to maximize the accuracy of initial surface condi-

FiG. 25. 2-m air temperature (K) at Norman, Oklahoma for control tiONS. In particular, a reduced time window for calculat-
(black), MM5VEG (blue), MM5SOIL (green), and MM5VEGSOIL  ing maximum NDVI composites and a moving time win-
(red) domain 4 forecasts initialized at 1200 UTC 17 May 2004, anddow ending within 24 hours of the model initialization
corresponding observations (dashed). time would produce more representative initig! and

LAl values. Assimilation of more Oklahoma Mesonet

observations, including surface fluxes and atmospheric
fields are within a few degrees Celsius of the observavariables, would likely improve model forecasts.
tions. Despite using 40-100 cm layer soil temperatures
coi tomperatres, these diferences in soil femperature, ACKIowledgments. The authors wish to thank Or.
and moisture peréist throughout the entire forecast pe‘Ejames Merchant and Roberto Bonifaz of the Umversn_y
: -of Nebraska—Lincoln School of Natural Resource Sci-
riod. The model, however, does add small-scale gradi-

ents to the soil temperature and moisture fields by aco €S for providing fractional vegetation coverage and

. : ; . leaf area index data. Funding was provided under NSF
counting for differences in land use and soil type. The rant ATM-0243720
overall MM5SOIL forecast and MMSVEGSOIL forecast '
bias errors for soil temperature and moisture do not drift
appreciably back to control forecast errors during the
forecast period. These differences in initial conditions
caqse plan_etary boundary layer heights over the forecasrBarnes, S.L., 1973: Mesoscale objective analysis using weighted
period to differ between the four forecast types by more time-series observations. NOAA Tech. Memo. ERL NSSL-62,
than 1000 m in some areas. However, errors in incoming  National Severe Storms Laboratory, Norman, OK 73069, 60 pp.
shortwave radiation may offset the benefits of improved ~ [NTIS COM-73-10781].

land surface initial conditions. Basara, J.B., and T.M. Crawford, 2000: Improved installation pro-

Only the MM5SOIL forecast showed considerable im- cedures for deep-layer soil moisture measuremehtétmos.
provement over the control forecast. Forecast errors for ~ ©ceanic Technol17,879-884.
mo_st variables were reduced when verified with o_bser- Brock, F.V,, K.C. Crawford, R.L. Elliot, G.W. Cuperus, S.J. Stadler,
vations from the Oklahoma Mesonet. Forecasts incor- H.L. Johnson, and M.D. Eilts, 1995: The Oklahoma Mesonet: A
porating satellite-derived vegetation indices into the ini- technical overviewd. Atmos. Oceanic Technol.2,5-19.
tla: Coﬂdltloﬁs’ hOWE\llefl’, generallyf’] prOduced Worse Le- Chang, J.-T., and P.J. Wetzel, 1991: Effects of spatial variations of soil
sults than t e control forecast. The OSULSM may be moisture and vegetation on the evolution of a prestorm environ-
tuned to provide the best results for a constant LAI. Fur- ment: A numerical case studylon. Wea. Rev119,1368-1390.
ther studies will focus on maintaining a constant LAl and Chen. E. and J. Dudhia. 2001 Couoli § dland surf

H ¥ _ en, ., an . buania, . Coupling an advanced landa surface

r.nOdlfymg only If- The MMSVEGSOIL forecast par — hydrology model with the Penn State—NCAR MM5 modeling
tially compensated fOI" Surfac'e energy f_lux errors in the system. Part I: Model implementation and sensitivitgn. Wea.
MMS5VEG forecast by improving the initial soil temper- Rev.,129,569-585.
ature and moisture fields.

These results stress the significance of minimizing er-

Temperature (K)
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