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PURPOSE OF THE STUDY

DOESTHE RAMSMODEL PRODUCE
“MORE REPRESENTATIVE” WIND FIELDSfor NEW ENGLAND
THAN OTHER AVAILABLE 3-DIMENSIONAL WIND FIELDS?

HOW WELL DOESRAMSREPLICATE MEASURED METEOROLOGICAL PARAMETERS
AT THE SURFACE AND IN THE LOWER BOUNDARY LAYER?

HOW INTENSIVE AN EFFORT ISIT
TO CONFIGURE RAMSTO ROUTINELY GENERATE
HIGH RESOLUTION SPATIAL AND TEMPORAL WIND FIELDS
FOR THISREGION?

Archived 3-D Fields could potentially be used for:
1. REGIONAL AIR QUALITY MODEL INPUT
2. METEOROLOGICAL FIELDSfor usein calculating
“local scale” AIR MASSBACK-TRAJECTORIES




OPERATIONAL SETTINGSfor RAMS
RAMSNE STUDY



RAMS OPERATIONAL RUN NUMERICS & PHYSICS

Tahle 2. |Rﬁ.lt.{[5 operational nn numerics and physics.

Model Option used
Basic Equafions Cornpressible, mon-kordrostatic
Mumerics
Tirne differercing Forward-backward tiroe-split
Space differsncing Second-crder flax forr
Horizomtal coord. Ohblicpee stereographic
Wertical coowd. Terrain followmg &'
Fhpsies
*Radishion Hamngton and Olson (1999 lornglshont wave
*Wloist processes Explicit raicroplersics for ram, clond, Ram-rad=3 rorn, Cloud con=SEA+E
Hoaranlns Hone
Z-Y diftusion Deeformmation K (first-order)
FBL twbulence Proemostic tutbnilent kinetic energy equation (level 2.5)
Srface layer Lonus (1979}
Surface model Tremback-Fessler (1925 and LE&F-2 land-sorface roodel
Boundary condifions
Lateralbourdaries Diavies Sponge blendme (5 pte)
Top boundary Hudging to EDAS above 16 ki
Dmfializaion [zentropic Inatalization
Inprut Ileteorology EDA S aralysisat 00 and 12TTC
Lssirailation ED& 5 3 hr analysis at lateral hourdares
Input smrface 30 resohition terrain, land-coveer, constant soil type (sandy-clas-loaro)
* Iratial soul wetness :0.40
Seas Oloean tereperature | EDAS 32 kye Lake temperabwe : Poirot average

The * identifies parameters which were expedmented with before final sinoilations were nan.




RAMS OPERATIONAL RUN PARAMETERS: DOMAIN

Table 3. EANS operational rmun parameters.

Grid # 1 2 3
Gk [l 36 09 03
&t (sec) 20 a0 10
& a7 L 96
MY a7 74 6
HE 25 29 29
v J0m S0 S0
A Tla 1350 1 1350 1 1350 10
Atop 19. 3k 193 km 193 kn
Center it 425 H 4265 N 4395 H
Center In T25W TEI9W TL30W
oW Lat 3631H 39A2H 42658 H
oW Lon al.51W TIla W 1405 W
Ky 1.0 1.0 1.0
83 1z the model gnd spacirg, At & the wodel tire step and M, Y and W7 are the nuraber of saved grid points
mthe X, ¥ and £ direction, respectrvely. A2, 15 the depthof the first model lasrer closest to the gronrd and A7,
Ilax 15 the depth of the coarsest raodelvertical layrer. K 15 the honzontal diffusion coefficient nsed.




DOMAIN UTILIZED
RAMSNE STUDY



RAMS-NE STUDY DOMAIN 3 Nested Grids —
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CHARACTERIZATION of SITESand
METEOROLOGY for STATISTICAL ANALYSIS
iIn RAMSNE STUDY



METEOROLOGICAL OBSERVATION-SITE CHARACTERIZATION

1) Plain or Broad Valley — Whereterrain higher than 500 metersis generally
greater than 10 km. distant. Lessthan 10 km distant
the terrain is most generally defined as gently rolling.

2) Complex Terrain (Valley) - Thesite may be generally defined asin alocal valley
of sufficient depth and steepness of slopethat
atmospheric valley characteristics such as |ocal
Inversions occur and the siteiswell sheltered from
prevailing winds.

3) Complex Terrain (High Elevation) — The site may be generally defined as a
“hilltop” or “ridgeline” location where horizontal
wind-flow reaching the site is generally unimpeded by
other terrain features.

4) Complex Terrain (Other) — All other siteswhere 2 or 3 are not satisfied with a
‘significant amount of steep terrain’ higher than the
ASOS site elevation (e.g. asite on a mountainside, or
In proximity to steep terrain with insufficient
vertical extent to have valley characteristics).

5) Coastal Regime — Where siteis lessthan 10 km. from a coastline.

NOTE: Specific definitions of “hilltop” and “ridgeline” were used but these are not included here for brevity.



12 CRITERIA for Hrly METEOROLOGICAL CATEGORIZATION

ahle 1. Criteria for IMeteorolosical Catezories.

Categoxy Wind Speeds (Jnis) Thernal Dewpoint
Stahility* Temperature(F)

1 <4 o

2 = o

3 <3 1

4 =5 1

] <3 2 <58

£ <3 3 <58

7 <3 2 =58

E <5 3 =58

9 =5 2 <58

10 =3 3 =58

11 =5 2 =58

14 =5 3 =58
*_ Thermal Stabildsy
0 - Swface Tenperaure <= 530 mh Temperature
1 - The difference between the surface and the 550 mh terrg 15 between ] and 7.5C.
2 - The difference between the sutface and the 830 mb tetrp 13 between 7.5 and 15 C.
3 - The difference between the sutface and the 250 mh temp 13 greater than 15 C.




DESCRIPTION OF 7 METEOROLOGICAL REGIMESEXAMINED

ITable 1. Chteria for Meteorological Categories.

(Based on Measurements at ASOS locations)

Categary Wind Speeds Gms) | Thernal | Dewpeint
Stahility* Temperature(F)
1 <4 1]
2 = 1]
3 <5 1
4 =5 1
3 < 2 <58
i <5 3 <58
7 <5 2 58
2 <5 3 =58
9 =5 2 <58
10 =5 3 <58
11 =5 2 =58
12 =5 3 =58

*_ Thermal Stability
0 - Sutface Tempersture <= 250 mb Temperature

1

2 -

3 - The difference between the surface and the 250 mh temp is greater than 15 C.

- The difference between the sutface and the 350 mh temyp is between 0 and 75C.

The difference between the suface and the 850 b temp is between 75 and 15 C.

LOW WIND SPEED: Hrly met criteria
1, 3,5 6, 7, 8

HIGH WIND SPEED: Hrly met criteria
2,4,9, 10, 11, 12

STABLE CONDITIONS: Hrly met
criterial, 2, 3,4

“Conditionally” UNSTABLE: Hrly met
criterial, 5,7,9, 11

UNSTABLE CONDITIONS: Hrly met
criteria 6, 8, 10, 12

POLAR CONTINENTAL: Hrly met
criteria b, 6, 9, 10

TROPICAL MARITIME: Hrly met
criteria?7, 8, 11, 12



WINDS

HOUR by HOUR

GRAPHICAL COMPARISON of RAMSHourly WIND predictions
to ASOS (and LOCAL) surface measurements




99 07 02 HOUR 23 UTC  RED=OkmRAMS  WHITE=ASOS Hily Comparison of

Wind Speed &

Direction

99 07 02 7 PH EDT

shown as a “flag” at
each measurement
site

RAMS winds
determined by vector
average of the 2, 3, or

4 field grid point
predictions nearest
to measurement for

that hour.

ASOS value is a

three-minute vector
average wind at top
of the hour
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Play Cape-Cod July
99 Movie of Surface
Winds



WINDS

HOUR by HOUR

STATISTICAL COMPARISON of RAMSHourly
WIND predictions to ASOS Surface Measurements

showing

Comparative “I mprovement” seen over 80 Km EDAS
Archived Field representation



Table 8 Comparison Between NERAMS 03 Km Grid and EDAS 80 Em Archive

COMPLEX TERRAIN {(OTHER})

Site CATEGORY # 4
Met Categony YWERR
03 Grid
Lowy WYind Speed 208
High Yind Speed 26
Stable Conditions 2.04
Conditionally Linstable 247
Unstable Conditions 274
Folar Continental 2.69
Tropical Maritime 2 R

WDBIAS
03 Grid
5.3

5.2

79

E.6

12.4

4.3

105

WSBIAS
03 Grid
0.3
-1.0
-0.2
-0.4
-0.8
-1.0
-0.48

WERR
a0 Grid
2.24
2.53
214
243
2.95
2.61
274

WDBIAS
80 Grid
4.6

14.5

1.6

12.6
17.5
19.5

18

YSBIAS
a0 Grid
0.6
-0.4
0.2
-0.1
-0.1
-0.4
-0.1

Site-Haours

1140
16745
1340
1440
310
760
725

Highlighted wralues are for wind direction bias over the domain which are significantly hagher for one meteorological grid prediction
than the other. Direction bias “WDBI&A 5" 15 in degrees. Positoee values imply clockwizse directional bias.

oite-Hours 1s only  a representattve walue which 1z approsamately the average rraber of Site-Hours for both grids compared.

WERR = 3QRT { { Umodeled — Umeasured ) **2 + ( Ymodeled — Ymeasured ) **2 }

WDEIAS = Average scalar difference between Modeled and Measured Wind Angle in Degrees
WSBIAS = Average scalar difference between Modeled and Measured Wind Speed in mv/sec

NOTE: Values are averaged over all maiched hours examined



Table S.(cont) Comparison Between NERAMS 03 K Grid and EDAS 80 Eim Archive
Site CATEGORY #1  PLAINOR BROAD VALLEY

Met Category WERR WDBIAS | ‘WSBIAS — WERR WDBIAS | WSBIAS  Site-Hours
03 Grid 03 Grid 03 Grid 50 Grid 50 Grid 50 Grid

Low Wind Speed 2.09 0.6 0.6 217 7.0 0.5 1500

High Wind Speed 2.89 5.5 1.1 275 5.8 -0.9 2100

Stable Conditions 214 1.7 0.0 214 7.1 0.0 1625

Conditionally Unstable 258 47 0.5 2 66 2.0 -0.4 2000

Unstable Conditions 3.22 2.5 -0.9 2.95 31 0.6 365

Paolar Continental 276 3.7 0.7 274 7.5 0.6 1225

Tropical Maritime 3.03 1.7 -0.8 2.97 5.8 -0.6 775

Site CATEGORY #2  COMPLEX TERRAIN (VALLEY)

Met Category WERR WDBIAS | ‘WSBIAS  WERR WDBIAS | WSBIAS  Site-Hours
03 Grid 03 Grid 03 Grid 20 Grid a0 Grid 20 Grid

Low Wind Speed 2.42 -2.3 0.4 2 69 8.1 0.5 825

High Wind Speed 2 67 4.6 1.1 2 66 10.3 0.5 1075

Stable Conditions 2.36 -2.9 -0.3 2 63 -3.4 0.3 525

Conditionally Unstable 262 0.8 0.5 2 67 14.1 -0.1 1100

Unstable Conditions 273 14.3 0.7 2.82 19.2 0.1 185

Palar Continental 263 0.4 0.5 2 62 15.4 -0.1 775

Tropical Maritime 2.71 9.3 0.5 2.82 16.2 0.0 4TS

Highhighted walues are for wind direction bias over the domain which are significantly higher for one meteorological grid
prediction than the other. Direction bias “WDBIAS™ is in degrees. Posittve values iaply clockwnse directional bias.

Site-Hours 15 only  a representatrve value which 1z approsmately the average raraber of Site-Howrs for both grids corapared.



Table 6. Comparison Between

Site CATEGORY # 1

PLAIN ORBROADVAILLEY

het Cateqory YWERR WDBIAS
Lowy Wvind Speed 2.m -24
High Wind Speed 275 3.8
Stable Conditions 2.22 -3.1
Canditionally Unstable 247 22
Unstahle Conditions 2.96 r.a
Folar Continental 2.7 1.3
Tropical Maritirme 274 a3

Site CATEGORY #2 COMPLEX TERRAIN (WALLEY)

Met Category YWERR WDEBIAS
Low Wvind Speed 2449 3.3
High YWind Speed 2 B4 43
stahle Conditions 2.47 0.1
Canditionally Unstable 262 A
Unstahle Conditions 2.65 14.5
Folar Continental 2.58 5.6
Tropical Maritirme 273 13.4

WSBIAS

0.2

-1.3
-0.48
-0.49
-1.2
-1.2
-1.0

WSBIAS

0.4
-1.0
-0.2
-0.4
-0.8
-0.6
-0.48

WERR

a0 Grid
216
2.58
2.1
2.96
3.0
2.61
28

WERR

a0 Grid
2.83
2.54
247
2.54
2072
2.4
207

and EDAS 80 Km Archive

WDBIAS

80 Grid
-4.3
8.4
-5.1
f1
16
11.2
11.3

WDBIAS
g0 Grid
5.4
10.1
-3.4
13.5
15.4
13.5
16.2

WSBIAS

a0 Grid
0.4
-0.7
0.0
-0.4
-0.4
-0.7
-0.4

WSBIAS

a0 Grid
0.7
-0.4
0.2
-0.2
-0.1
-0.3
-0.2

Site-Hours

2740
6500
3700
4500
1200
2840
27450

Site-Hours

1300
2074
1140
1840

410
1274

974

Highlighted values are for wind direction bias over the domain wlich are sigrificantly higher for one meteorological grid prediction than the

other. Direction bias “WDBIAS™ 1z in degrees. Positnee values raply clockwise directional bias.

oite-Hours is only  a representatee walue which s approvarnately the average raraber of Site-Hours for both grids cormpared.



Table 6 (cont) Comparison Between and EDAS 80 Km Archive

Site CATEGORY #5 COASTAL REGIME

Met Category WERR WDBIAS WSBIAS YWERR WDEBIAS WEBIAS Site-Hours
B0 Grid 20 Grid a0 Grid
Low ¥Wind Speed 2.26 14.9 0.6 2.91 14.2 1.1 1340
High \Wind Speed 3.06 127 -1 2.86 12.9 -0.3 6400
atable Conditions 2.0 11.4 -0.3 2.449 9.7 0.4 3074
Conditionally Unstable 302 13.6 -0.4 2.85 13.8 -0.3 arfa
LInstable Conditions 3.48 197 -1.1 3.54 214 -0.1 940
Folar Continental 317 121 -1.4 3 16.2 -0.7 16450
Tropical Maritime 31 15.4 -0.7 3.m 14.9 -0.1 3000

Highlighted walues are for wind direction bias over the dormain which are significantly hagher for one retecrological grid prediction than the
other. Direction bias “WDBILAS™ 15 in degrees. Positree values roply clockwise directional bias.

Site-Hours 15 only  a representatve walue which 1= approsamately the average rarber of Site-Howrs for both grids compared.

WERR = SQRT { ( Uimodeled — Timeasured ) **2 + ( Ymodeled - Vmeasured ) **2 }
WDEIAS = Average scalar difference between Modeled and Measured Wind Angle in Degrees
WSEBIAS = Average scalar difference between Modeled and Measured Wind Speed in m/sec

WNOTE: Values are averaged over all maiched hours examined
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Domain-wide Wind-Direction Error Distributions

All met conditions @ 20 Sites within 03 Grid
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Domain-wide Hourly Wind-Speed Error Distributions STABLE Conditions:
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Domain-wide Hourly Wind-Direction Error Distributions STABLE Conditions:
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Domain-wide Hourly Wind-Direction Error Distributions UNSTABLE:

WS>EKnts Surf T >850mb T by >15C Dewpoint T >58 F @ 20 Sites
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“CLIMATOLOGICAL”
3-Month Wind Direction & Speed Binning

GRAPHICAL COMPARISONS of RAMS “WIND-ROSE”
to ASOS (or LOCAL) “WIND-ROSE”

Also showing
“I'mprovement” over 80 Km EDAS Archived Data “WIND-ROSE”
For afew of the ASOS sites



Burlington, VT June/July/Aug 1999 Wind frequency plots for ASOS & 3 Re-Analyses

BTV WIMD FREQUEHMCY DISTRIBUTIONS Clockwise from Upper Left
AZ0S/LOCAL Heasurement: RAHS 2En Solution: EDAS 80Ks Archive: BARS JEn Solutlon
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». Hero, VT June/July/Aug 1999

HIND FREQUEHCY DISTRIBUTIONS Clockwise from Upper Left
AS0S/LOCAL Heasurement: RAHS 3Km Solutien: EDAS 80Km Archive:; RARS 9Km Solutlion
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Concord, NH June/July/Aug 1999

COM WIND FEEQUEHCY DIETRIBUTIUHS Clockwise from Upper Left
AS0SSLOCAL Heaturenent 3 RAHS 3Em Solutioni EDAS 80Km Archive: BARS 9¥m Solubion
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Whitefield, NH June/July/Aug 1999

RAMS 9Km
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Berlin, NH June/July/Aug 1999  Wind frequency plots for ASOS & 3 Re-Analyses

*

BHL EIMD FREQUEMCY DIETRIBUT IOMS Clockwise from Upper Left :
AS0SSLOCAL Heasurement: RARS 3Km Solubtion: EDAS 80Km Archiwve: PAAS 9Km Solubtlion
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Lebanon, NH June/July/Aug 1999  Wind frequency plots for ASUOS & 3 Re-Analyses

WINMD FEEQUEMCY DIETRIBUTIUNS Clockwise from Upper Left :
AS0S/LODAL Hl:_'d}l.ll epent.: PAHS 3Em Solution: EDRS B0Kn Hl chive: BARS 9Kn Solublion
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TEMPERATURE & PRESSURE

HOUR by HOUR
GRAPHICAL Depictions of RAMS Predicted Hourly
Surface TEMPERATURES

Surface PRESSURES

Compared to ASOS M easur ements



RAMS Surface Temperature Prediction error ~ Deg F for Particular Hrs

June 12 11 pimn Local EDT 3EKm Grid June 12 11 pm Local EDT 9Km Grid
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Surface Temperature Error in Degrees C

Time Seriesfor part of summer 1999 North Adams MA
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TEMPERATURE Error Distributionsfor 14 COASTAL Sites on RAMSQ09 Grid

Distribution for ALL sitestogether shown largein center
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TEMPERATURE Error Distributions for 9 VALLEY Sites on RAMS09 Grid

Distribution for ALL sitestogether shown largein center
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RAMSO03Grid Day-time RAMSO03 Grid Night-time
Temperature (deg C) Error Distribution Temperature (deg C) Error Distribution
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TEMPERATURE Error Distributions for 3 COASTAL Sites on RAMS09 Grid
Distributionsfor ALL 14 COASTAL sitestogether shown as bottom row
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TEMPERATURE Error Distributions for 3 VALLEY Sites on RAMS09 Grid
Distributionsfor ALL 9 VALLEY sitestogether shown as bottom row
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Mean 5L Pressure ERROR
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Domain-wide Ave Diurnal Variationsin 3 RAMS Surface Parameters

Compared to measurement for all Met Conditions : all sites
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WINDS ALOFT

HOUR by HOUR

GRAPHICAL Depictionsof RAMSHourly UPPER-LEVEL WINDS
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WINDS ALOFT

COMPARISON of RAMS Predicted UPPER-LEVEL WINDS
To RAWINSONDE measurements

For 4 Locationson 9KM grid



\,1 Surface and Rawmsonde M easur ement L ocations
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June 10 1999 0Z and 12Z Upper Air Comparison
Wind Speed ( Red = Rawinsonde)

UPPER AIR RAHINSOHDE HIND SPEED {RED} w= FAHS 9Kn RE-AHALYSIS (GREEN}
M AGL DATE  ©&618 SUMMER 1999
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July 17 1999 0Z and 12Z Upper Air Comparison

Wind Speed (Green = RAMS Red = Rawinsonde)

UPPER AIR RAHIHSOHDE HIND SPEED {RED} ws PAHS 9kKn RE-AHALYSIS (GREEN)
TATE B717  SUMMER 1929

| / |

g UTC 12 UTC a0 UTC 12 UTC
EREHUH W' 40,3537 =72+57 ALBANY W' 42.69 =73.83
BROOKHAVEN NY ALBANY NY

For each PAIR: Leftis0Z

]
‘]III”..llll';r

]

a0 UTC 12 UTC
GRAY  HE 435.89 -70.25

GRAY ME

Right is 12Z

!

—
]

'

—

o0 TG 12 UTC

CHATHA HA 41.67 -69.97
CHATHAM MA



COMPARISON STATISTICS for

RAMS 9 KM WIND FIELD

COMPARED TO WINDS AT 7 UPPER LEVELS (Combined) at 4 RAWINSONDES

RAWINSONDE AVERAGE AVERAGE AVERAGE
LOCATION DIRECTIONAL BIAS HOURS POSITIVE HOURS NEGATIVE HOURS
DEGREES ERROR DEG ERROR DEG
94703_OKX -6.1 1023 +54 443 - 53 580
4775 ALY -04 1116 + 56 520 -50 596
94762_GY X -11 1185 +55 942 -49 643
14684 CHH -91 1210 + 52 921 - 56 689
RAWINSONDE AVERAGE AVERAGE AVERAGE
LOCATION WIND SPEED BIAS HOURS POSITIVE HOURS NEGATIVE HOURS
METERSSEC ERROR ERROR
M/SEC M/SEC
94703_OKX +12 1023 + 5.6 942 -39 481
4775 ALY +3.0 1116 +7.1 719 -4.3 397
94762_GY X +3.9 1185 +8.6 768 -4.7 417
14684 CHH +21 1210 +7.3 666 -4.3 544




CONCLUSIONS (re: WIND-FIELDS)

RAMS9KM & 3KM RE-ANALYSISWIND FIELDS DO SEEM
MORE REPRESENTATIVE OF MEASUREMENT DATA THAN
AVAILABLE EDAS80KM ARCHIVED WIND FIELDS ( both on
an hr-by-hr basis and climatologically) at many sites.

AS CONFIGURED AT PRESENT, RAMSDOES SHOW SOME
WEAKNESSES: (comparing to ASOS & Rawinsonde measurements)

a) SURFACE WIND SPEEDSAVERAGE LOWER THAN
CORRESPONDING ASOS MEASUREMENTS

b) UPPER LEVEL WIND SPEEDS AVERAGE HIGHER
THAN CORRESPONDING RAWINSONDE
MEASUREMENTS

DOMAIN-WIDE BIASIN SURFACE WIND DIRECTIONISLESS
FOR THE RAMS3KM & 9KM RE-ANALYSISTHAN FOR THE
EDASARCHIVED DATA. Whether BIASisdirection specific or not
and the REASONS for it have not yet been deter mined.




|nitial Findings re:. TEMPERATURE PREDICTIONS

SURFACE TEMPERATURESARE PREDICTED SOMEWHAT
BETTER INLAND THAN AT LOCATIONSALONG THE COAST

50-60% of PREDICTED HRIly SURFACE TEMPERATURES ARE
WITHIN ABOUT 2 DEGREESC OF MEASURED on 03 GRID
(dightly better prediction during night-time hrsthan daytime)

On average, over the entiredomain, RAM S under -predicts surface

Temperatures (by up to 20 Deg F during the night/day transition
period from 8am to 10am local time

CAPE-COD & COASTAL ISLAND SITESBEHAVE DIFFERENTLY

(Some of these findings need to be confirmed over the full summer
period )



CONTINUING FUTURE WORK with RAMS 1999 DATA

Analysis:
Morework on Upper Level Wind-Fields could be done

Additional work comparing Temperature Fields needsto be done

More analysis of coastal performance needsto be done

Air Quality Modeling:

USING RAMSWIND-FIELDSFOR SUMMER 1999 in BACK -
TRAJECTORY SOURCE/RECEPTOR STUDIES

COMPARING CALPUFF MODEL RUNSDRIVEN BY RAMS03 &
RAMS09 WIND-FIELDS to

CALPUFF MODEL RUNSusing CALMET DERIVED WIND-FIELDS
@ various grid resolution FOR THE SAME DOMAIN



