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INTRODUCTION

The purposa of this document & to outline the mode! configuration and application af
the Fifth-Generation NCAR / Penn State Mesoscale Modal (MMS) v3.6,3 to support
photochemical and emissions modeling projects {Dudhia, 1993 and Grelt et af, 1994}
at Lake Michigan Al Directors Consortium {LADCO) and the Midwest Regional
Planning Qrganization (Midwest RPO). The computing platform supported by .
LADCO/ Midwest RPO |s the Red Hat Linux operating system and the Portiand Group
Fortran campler. MMS consists of the Mesoscale model MMS and a suite of pre-
processors Including PREGRID, REGRIDDER, RAWINS, LITFLE R, INTERPF, INTERPX,
and TERRATMN.

The model parameterizations and physics options outlined in this document were
chasen based on the results of a sories of sensitivity runs. The performancea of the
sensitivity tests provided & ciear indication of an optimal configuration for the Upper
pidwast (Johnson, 2003). The model configuration and parameterizations cetined in
this document describe recent MMS applications.

the anpual 2002 36 km MMS simutation was completed by Matthew Johnson at Jowa
LMK, The 36/12 ke 2-way nasted simulation for the summers of 2001, 2002, and
2003 wera conducted jointly by Steven King ak IHinois EPA and Kirk Baker at LADCO,
The 36 krn non-summer portion of the annust 2003 simutation was conducted by
Wusheng Ji at Wisconsin DNR.

TERRAIN

Figura %
‘The TERRAIN processor defines the
horizantal grid of the MMS appiication.
The 24 category USGS 10 minute {(~19
ken) data is used for the Mational RPO
36-km domaln, and & minute (~9 k)
data for 12-km domains. The National
RPO grid is a Lambert conic projection
centered at coordinates -37, 40 with
first and second true iatitudes st 33
and 45 degrees (See Figure 1},

'i_ES

The 36 km grid contains 165 x 128
grid cells and the 12 km has 193 x 189
grid cells. The 12 km grid is two-way 1 S

nested within the mother grid to allow fine grid feedback into the coarse grid.
Additional aptions are set to allow genaration of data to support the Pleim-Xu land
surface module, Variables LSMDATA and IEXTRA are both set egual to TRUE.

185

Table 1
Damain e TR S Cells i Y, Cells (Northh roGell Sk Lo MothEe L, Lowepleft.
LYR Do G o b (Epshatest) Lo Bt e 1 Bomaln 1078 S0 Of Rest |
1 Makionat BP 165 pre) 36 1 i 1
2 Upper Midwest 199 199 12 1 £6, 3¢
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PREGRID

The PREGRID processer converts meteorciogical analyses data such as NCEP or ETA
£o an intermediate data format that the REGRIDDER processor can ulilize, For
FREGRID, the following options were set:

e ETA/AWIF 20 and 5F analyses data (dst09.2) is u:aad to initialize the REGRID
proCessor.

Snow cover s estimated from water equivaiant show dopth,

Tine Input anatyses data is processed 3 hourly {10,800 seconds).

Tive AWIP grib definition tables are used to map ETA data into MM5,

The ETA skin temperalure is gsed as the source of sea surface tempearature,
The ETA analysis files with the axtension ".tmi2” are not used sinca they are
the "cold start” global analysiz files,

4 ¢ @ 2

REGRIDDER

The REGRIDDER processor takes the data extracted from ahalyses fields and
interpolates the data Lo user specified pressure jevels and (0 the user spegified
horlzontal grid, -

LITTLE R

The RAWINS and LITTLE R processors perform objective analysis on the output from
REGRIDDER using sinface and upper air obsarvation data, Since thase observatlons
are incorporated Into the ETA analysis fighds this step iz considerad redundant.

Resuits of sensithvity tests where ETA 3-hourly analysis was utitized 1o inltialize with
and without RAWINE objective analysis demonstrated little or no difference in model
parfﬁrmance {Bakar, 20021, .

Evan though this step is redundant, LITTLE R is applied to enable surface nudging of
501l mpisture and femperatyre i the Plem-Xu land surface module, NCEP ADP
surface {ds 464.0) and upper air {ds 383.1 and ds 383.4) data are the appropriate
data lo Input into LITTLE R and/or RAWINS,

INTERF’F

The INTERPF processor takes the REGRIDDER!LI’!‘TLE R putput that s at stendard
pressurs levels and interpolates that data o the vertical orld defined by the user
{Table 2). The vertical grid is defined In terms of sigmaes, where 1 iy the surface and
{0 is the top of the model atmoesphere, The top of the MMS simudation is 100 millibars,
which s approxdmately 15 kKilometers above ground level.
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Tabla 2

The vertical atmosphere was resaived to | REMME)  siews  prese(mbl  lwiehttm)  depthioy
34 layers, with thinner layers in the : 34 000 66 14662 18it
planETAry boundary laver, The layer e i i mm g
configuration was selected to capture the it 150 B350 10127 s
impartant diurnal variations in the 0 36 28000 D066 o3y
boundary layer while also having layers 2 G250 3nd a2y B
i the upper troposphere to try and - b e
resolve convective activity. Output from 2% a4 46n0n Stz 2
the INTERPF processor is ready for input 75 st P iten LI
into MMS. T4 8,508 5304 4553 S
23 550 59500 3984 536
13 .60 G40 3448 506
INTERPX Po3 P O
20 o0 3008 2462 367
The INTERPX processor is used Lo i 798 FhE00 iyh] 466
oxtract the soif tempersture and soil 12 4710 79306 1 59
mivisture data fram MM5 output files and \ b0 iﬁg v
overwrite the soll temperature and ” 684p  SeM0e s 163
molsture fields on the MMINPUT file for t4 ¢.560 B4k §0t 160
the next § day simulation block. This 1 afee w0 gl b5
allows soil moisture and temperature to B G000 SUK 33 B
ba carried over to subsequent modeling ” P owe0 & "?
10 B 52800 398 77
slemutations. . ity SAI80 521 %
. : % 0.940 §4508 443 ;g
For example, to simulate 20 days in 4 * 0,830 85500 369 ;
blocks of 5 days, the first block of 5 days M v S 4o S 4
would use the standard MMINPUT to run 4 £.930 P 146 7
Mg, and the subsequent 3 Blocks of 5 3 B1s 84659 100 37
days would take the MMS output and ? mg 3:;% g; i: 5
extract sofl temperature and moisture o bod0 e O SURF:

data for the next & day block. This

option has been shown to introduce a
cold bias for the termperature figld, particularly in the winter months (Olerud; 2003). -
INTERPX was not used for any of the MMS simufations. . : .

MM5

The output from INTERPF, LITTLE R, and TERRAIN processors were used to run MM5.
These fites must be in the */MME/Run” directory and have the generic fllenameas
given directly ouk of these progessors. 3D analysis nudging for the wind fiald, .
termperatures, and moisture were-applied- above the boundary layer enly. Analysis - -
nudging was not performed on the rotational wind field. In addition, the abservation
nudging flag was trned off, This type of nudging is appropriate when there g & vary
danse set of observation dala from s field study, which this application iacked, The
defauit nudging weighting factors were used for alf simulations; 4.5 x 107 for wind
flelds and temperatures and 1.0 x 10 for moisture fields.
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: Tabie 3
Configuration: . | 36km and 12km Domains @

Explicit Molsture Mixed Phase (Reister D
Cumuis Kain-Fiitsch 2

PRL Plelmn-Chang {ACM)
Radiation RATM

Muitl-Laver Soll Mode! { Plelm-Xu

Shallow convedtion No

1 4D Data Assimbation | Analysis nudging on aiove PEL
Molst Phiyeice Table | o

Tabie 3 gutines the model configuration used for MMBE modeling up to the date of
thiz document. All simulations use the mhixed phase molsture scheme so that af four
phases of water will be explicitly output by MMS, This ks important since the
photochemicat model is applisd for an annual basis and correctly charactertzing the
ghage of water is important for several physiochemical processes.

Atmosphere radialion is calcdated every 15 minotes in the model, Vertloal molsture
and temperature advection are set 10 use linear interpolation, Other important
variables switched to ON include: meist vertical diffusion in clouds, temperalurg
advection ysing potential femperalure, diffusion using perturbaltion temperature, 3D
coriclls force, and upper radlative boundary condition. Sea sirface fermnperature and
snow cover are set to vary with time,

The Pleim-Xu land surface modiie requires that 3 additional vardables be sel in the
MME deck: ISMRD, NUDGE, ahd IFGROW, ISMRD lo set £o use soll molsture flelds
from the ETA analyses. NUDGE is set to nudge soil moisture data to the analyses
figlds, IFGROW i set to option 2, which takes vegETAtive growth into account hasad
on vegETAbve fraction data from the TERRAIN file,

MOPEL EXECUTION

MM5 was executed in 5 day blocks (7200 minute simudation) with a 30 second Lime
step. Model results are cutput evelry 60 minutes and the model output files are
written oul {12, split) every 24 hours to accommeodate post-processing utiities, The
202 annual simulation was initiated at 127 December 16, 2001 and was run
through 12Z January 1, 2003,

MODEL PERFORMANCE EVALUATION

Model parformance was assessed guantitatively with the METSTAT too! from Environ
{Emery ef al, 2001). The metrics used to guantify modet performance include mean
obzervation, mean prediction, bias armar, gross emmor, ol Msan Square efrot
{inciuding systematic and unsystematic components), and index of agresment.
These methics compars model predictions to Techpigles Data Laboratory U.S. and
Canada surface hourly observations {NCAR dataset ds472.0).

The MMS model outputs predictions approxdmately 15 metars above the surface
while ochservations are at 10 meters, METSTAT applies micro-metecrological
adjustments (o the MME asthimales to approxtmate 10-m values, MME 2iso outputs
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near-instantanecus values (90 second tima step) as opposed o the values with
langer averaging times taken at monitor stations. This should be considered when
interpreting modet performancea metrics and making qualitative comparisons Lo
satellite maps. I

Figure 2

Moda! performance metrics were applied
ta @ sub-roagion of the Upper Midwest
{(Figure 2}, meaning the metrics are
hotirly spatiat averages of muitiple
moaitor iocations, This wit be done to
gain a batter understanding of MM3
performance tn the Great Lakes reglon. All
metrics are caicufated within the specified
model performance region for an hourly
and daily time period (0Z to 232}, Mean
wind diraction is pstinated by averaging
the U and V wind vector components and
cotverting those averages to compass
degrees. '

additionat analysis of rainfall is done on a monthly basis, Rainfail observation
snatysls data s available from the Nationat Weather Service Ciimate Prediction
Center on an hourly basls for tha Continental United States

AN, GRC. s arip/realtime o). The rainfall
analysts resolttion is 0.25 degree longitude by 0.25 degree latitude and extends

PERFORMANCE METRICS

The bias error (blas) is the degres of corréspondence between the mean prediction
and the mean obssrvation, with lower numbers indicative of better parformance.
Values fess than O indicate under-prediction. The gross error, or mean absoiute
error, is the mean of the absolute value of the resituals from a fitted statistical
modet, Lower numbars indicate better model performance.

Root Mean Square Error {RMSE} Is a good overall measure of madel performance,
The weighting of (prédiction-cbservation) by its square tends to inflate RMSE,
particularly when extreme values are present. With respect to a goad madel the root
maan square error shoutd approach zero, RMSE can be divided into 8 systematic and
unsystematic component by least-squares regression. Since differences dascribed by
systematic RMSE can be described by 8 linear function, they should be reigtively .
gasy to dampen by a new parameterization of the model, Unsystematic RMSE can be
interpreted as a measure of potential accuracy or noise level (Emery et al, 2001},
With respect to 2 good maodel the systematic difference should approach zero while
the unsystematic difference approaches RMSE.

Index of Agresment is & relative measure of the degree of which predictions are
arror-frae. The denominator aceounts for the model's deviation from the mean of the
observations as well as to the gbservations deviation from thair rmean. It doegs not
provide information regarding systematic and unsystematic errors. The index of
agreement approachas one when model performance is best,

Witk Baker - Lake Mickigan Alr Dirasttrs Consoddivee & Midwest RPO
Poge B of 15



MODEL PERFORMANCE: ANNUAL 2002 36 km

The biggest issue with the performance in the Great Lakes reglion is the existence of
a ool diurnal temperature blag in the wintar and warm temperature bias over-night
during the summaer. The wind fiskds are gond, although it shouid be noted that some
diurnal errors in wind speed may hot be adequately represented |n the dajly metric
plots, The model appears to be too wel in the late spring and summer months in the
fastern United States. Mosaic tile plots showing dally blas and gross error for
hiamidity, temperature, wind speed, and wind direction are shown in the Figures
Below, '

Performance in the other reglons is stnilar to the Great {.akes except where noted,
The Ohlo Vallay has slightly worse performance for day-time wind speed and wind
direction. The central Plalnes {CenrapN and CenrapS) have low peak wind speeds
and 3 warm temperatisre biss in the southern Plaines/Texas reglon due to over-
predicted night-times lows,

The Mid-Atlantlc region has performance similar (0 the Great Lakes region, The
stutheast region 8 very wel compared o observations during the entire year, The
northeast region shows degrisded wind field perfermance compared 1o the other
Eastern regions,

figure 3. Daiiy'hummiw thas and gross error {day 1 top row, last day of month
pottom row) : :

Eruridity Bias - g1 Grid Humidity Gross Errer - pl Grid
IR WM Bmi.’?m Miplrfey: SF e Arnae] WA bTT Poa Dedhy Mrtos: B2 km
Spwa iR o DR

B AT TR R e ]
Hlav QRR{?&ULHW 74 A
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flgure 4. Duily temperature blas and gross error {r.iazu! 1 top row, fast day of month
bnrtnm row)
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Figure 6. Baily wind direction bias and gross error {day 1 top row, last day of month
bottom row)
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Figure &, Daily wind speed blas and gross errer {(day 1 top row, last day of month
bottom row)
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MGDEL PERFDRMANCE: Anntual 2003 36 km

Model performance for the 2003 36 km simuiation Is very similar to the 2002 36 km
anhual shmulation, Simillar divmal and sessonal issues are seen for both annual
simalations in the Great Lakes/Upper Midwast regioh. The humidity error s highest
in the summer and tends (o he over-predicted, There s 2 cool temperature bag
the winter and slight warm blas in the summer. Temperatum arrors are highest in
the winter months.

The wing fields are good; wind direction errors are highest in the summer and no
seasehal trends are seen I the blas. Daily wind speed blas and error appear good,
akhough simitar dlurnal performance problems are sean thet are similar to the 2002
annual simuiatinn, Rainfall is over-predicted in terms of magnitude In the summer
months, The spatial patterns of rainfali tend (o fook good and performance for
rainfall is very good In the winter months.

Kirk Baker — Lake Wichigan Aér Direclors Consorivre & Migwest RPO
faga B ol i5




Figure 7. Daily humidity blas and gross error {day 1 top row, last day of month

bottom row)
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Figure 8, Daily teraparsture bias and gross ervor (day 1 top row, last day of month

bottom row}
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Figure 9. Daily wind direction bias and gross error {day 1 top row, last day of month

bottom row?
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Figure 10, Dally wind spesd bias and gross errar (day 1 top row, last day of month

bottom row)

Wind Spd Bins - pl Grid

Sentiusd MEE TR 200 Dl taipes: F km
Y

’-ﬂm.u .

ah

ah

#A

bk

b

Qa

A

Lol

oh

M :. R
- M e
N el M B o o W - T

wi
K 1 0 00000
L= Byt .Ffuw- CF I gkt

T

mis

Wind Spi Gross Breor - gl Grid
ANHEE RIS maamlgﬂmm b

e F

BN T L
e R
LTS

a4

a4

oz

T

Ly 4300 Oz
1Ain=  pF E{ILA0L daane LD p1i1100

Kirk Brikar =~ Lake Michigan Air Direstors Consortium & idldwes RPO
Page 1t of 15




MODEL PERFORMANCE: RAINFALL {2002 and 2003)

Convective and non-convective rainfali was totaled for each 36 am grid cell in the

- Fastern United States by month, The National Weather Service rainfalf analysis field
was mapped to the same grid projection and domain and totaled by month. These
piots are shown side by side In Appendix Al

‘The modeled and chserved sainfall totals show good agreament spatfally and in
terms of magnitude in the winter, fall, and early spring months of 2002 and 2003,
There are large over-predictions of rainfall In the fate spring and summer months,
These over-predictions ara seen spatially and in magnituds over the antire domath,
particutarly in the Southeast United States. These over-predictions are likely due to
axcessive convective ramfall belng pradicted in MMS, The summer month over-
vredictions are seen in 2002 and 2003 and vary in magnituda.

MODEL PERFORMANCE: 36 kem v 12 kmy (2002 annual simulation}

‘The 12 ki nest was 2-way nested ang the feedback option was tirned off, thus
preventing the 12 km data from overwriting the 3ékm flelds, This allows for a true
evaiuation of 36 v. 12 km parformance. The boundary conditions are updated for the
12 ke grid at every time-sten in this method of 2-way nesting In MMS. This provides
an advantage over the hourly updates to the 12 km grid if running MMS In -way
nesting moda.

Modat performance comparing the 36 and 12 km parformance in the Great Lakes
region is shown In tha form of mosaic difference plets in Appendit B. In the Great
Lakes region, @ winter-time performance degradation is seen inthe 12 kmrun
carmiparad to the 36 km run for the wing fietd and temperaturs. The tempearatures
have a cold blas at 36 km and get even colder at 12 K,

Dravthme wind speed bias improves at 12 km, but nighttime blas degrades, The
mixing ratio performance improves slightly in the Ohio Valiey reglon at- 12 km,
Gverall, the 12 km arid results in litthe if 2ny benefit In terms of statistical mode!.
parformance.

MODEL PERFORMANGE: Summers of 2001, 2002, and 2003

The model perfarmance for the summers of 2001, 2002, and 2003 focusing on the
Great Lakes Region is shown in prediction-observation time series plots i Appendix
G- The predictions and observations arg averages over many observation sites in the . .
sub-ragion of interest, A summary of performance in the Upper Midwest is given '
Below,

Summer of 2001
» MM performs wel for temperatures and wind field
« Mot guite capturing temperaturs peaks durlng August 2001 ¢zone episode
- Overall moisture and ratnfall shightly over-predicted, but spatial patterns look
good

Surmmar of 2002:
- Capturing temperate peaks ok, but ever-predicting night time minimums
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«  Qwer-predictions of moisture ang rainfall in the Ohlo Valley; large over-
predictions of rainfall In the South

«  Wind fields look ok; diomal wind speed day time peaks not always captured
durthg the czone episodes

Summer of 2003
«  Wind field ok; diurnal wind speed patterns hot quite captured in August caone
eplsode

» Temperatures ok not getting night tirme minkmums consistently
+  Rainfall ok in Upper Midwest; over-predictions in the South

MODEL PERFORMANCE: New 2002 v. Oid 2002 Stmulation

AR annual MM3 simulation for 2002 was previously completed using an oider version
of MME, simple lce microphysics, surface nudging, and continuous soll mpisture
{INTERPX). The fgures in Appendix D show the differences between the previous
annual simulation and the current anmsal simulation with mosaic differenge plots,

Temperatures in genaral show a slight degradation In the new simulation, in
particular in the winter. Wind speed performance Improved and wind direction
improved in the Central and Westarn United States, Hurmddity resuits are almaost the
same in both simulations. The difference in model performance is largely gue to the
inclasion of surface nudging in the previous annual 2002 simulation. Thal praciice
improves surface performance statistics but tends o create unusual meteorological
artifacts like super-adiabatic lapse rates.

MODEL PERFORMANCE: Other Notes

The index of agreement hourly metrcs for humidity are Interesting in that pariods of
poor Index of agreament do not necessarily mateh up to poor efror, Since the
metrics are averaged over a sub-domaln, the hotrly index of agreement tends to
degrade when fronts move acress the domain. This causes very different model
predictions and observations on the front and back side of the fronts passage.

This lack of agreement results in 2 degraded index of agreament metric even though
the error and actual moede] performance is aot poor. This should be acknowledged
when interpreting index of sgreemaent over o spatial reglon; degraded TOA may
actually show a frontal passage and not truly reflect poor performance,

The time series plots below show RMBE and 104 for June 2002, Frontal passages
pass through the area on the 18%, 18%, 24", and 27" and degrade TOA,

Humidity root mean square ervor (topd and index of agreement {holtom)
FMBE Humidity e Tt |

A
AR
k]

g ?‘j

] .
" L s J&ﬂxfhd\ﬁ“%; ‘ﬁ’w\ J\%\\l WS J&M"

a2

oe
&

P AP R 9"’&“":&*’*&““’@“‘@“"@“"@%" @&@’éﬂﬁﬁé’s’ éﬁé"” -

#irk Baker — Lake Michigan Air Direclors Cansoffum & Midwest RPO
Page 11 ol 15



A Humidity =

oF 0 e e e PP RS R T PP S P PP TP

CONCLUSTON & DISCUSSION

This docutment contains an ovarview of MMS performance. The resuits shown are
intended to provide a context for future meteorciogical modeling applications, 1o
identify deficiencles in the MMS output that may result In poor photochemical model
performance, and to increase confidence in the photochemical modeling applications
that use these mateorological modeling estimates,
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APPENDIX A

Rainfall Analysis
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APPENDIX B

12 v 36 km Performance
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APPENDIX C

Performance for Summers 20031, 2002, and 2003
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Performance Comparison: Old v. New Annual 2602 Simuiation
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