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Philosophy, Ground Rules, and Assumptions

Why did NASA/MSFC/EV44 (EV44) take on this project?

* General support for RCC programs and products.
 Use in Earth Global Reference Atmospheric Model (Earth-GRAM).

Data quality is stressed over quantity.

e |f a profile fails a quality control (QC) check for one parameter then
that profile is removed from computations for all parameters.

 Some QC relies on subject matter expertise (SME). Subjective
judgments emphasize conservatism. “If in doubt, throw it out.”

Process is performed in discrete steps.

e Qutput results from each step are saved in separate data files. This
allows intermediate process inspection. Outputs from one step are
used as the inputs to the next step.

* Alofty goal is full automation, but the difficulties associated with
“real data” require SME interaction and babysitting.
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Possible Methodology Outlines
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Step 1: Determine Sites of Interest

Phase 2: Funded by Range Commanders Council.

Kodiak ISC/AS

Dugway Proving Grounds
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W
China Lake NAWS
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Wake Island Point Mugu NAS/NBVC Wallops Flight Facility

\‘ Yuma Proving Grounds I EglinAFB |~ -
\ Barking Sands PMRF '

Kwajalein/Reagan Test Range

B




JACOBS
Step 2: Define Parameters

Vertical coordinate:

\\.\\M\’W oz N\ \N /%

= physical variables

( Wind speed: WS Virtual temperature: Tv
7 Zonal wind: U Pressure: P

/ ( | Meridional wind: V Density: D
&\ \\ Temperature: T Vapor pressure:
Dewpoint:

\ Mean value: Skewness coefficient: SKEW

Median value: Linear correlation: My

Standard deviation: o




Step 3: Gather the Data
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Wake Island

China Lake
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Step 4: Format/Subset the Data
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Step 5: Quality Control the Data




Step 6: Interpolate the Data

JACOBS

All individual profiles are interpolated to a common grid.

6.1:
6.2:
6.3:
6.4:
6.5:
6.6:

Establish output altitude grid.
Compute geopotential heights for output grid.
Interpolate wind values to output grid.

Interpolate pressure to output grid.

Interpolate temperature, dewpoint to output grid.

Compute derived quantities.
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Step 6.1: Establish Output Altitude Grid
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Step 6.2: Compute Geopotentials
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Step 6.3: Interpolate Wind Values

/| Hy = minimum of H,; values where H;; > H \.
4/ | Hg = maximum of H » values where H < HoutN
-/ T
/
/
V4
|l lgsuchthat:  Hy (1) =H, H.. (1) = Hy. Then, )
/ * WS, = WS(l,), U, = U(ly), V= V(1)
S | WSg= WS(l), U= U(l), Vo= Vilg).
S WSy = WS, + (WS, —WSy) * C, :
| Uy = U+ (U,—Uy) * C, Where C, = (Hout.n — Ha)
e | = Vg + (V,—Vg) * C, (Ha=Hg) * |
-‘f f ! I I [ \ \
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Step 6.4: Interpolate Pressure

/ f— - | Procedure for computing Tv shown on following slides.
/ /] TvAVE [Tv(IA) + TV(IB)] / 2. | | _
— 7/ _ Hg —Hp
/ / Py = iy ¢ 220 (29.2712617 % TvAVE)'
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Step 6.5: Interpolate Temperature, Dewpoint
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Step 6.6: Compute Derived Quantities

17.67xTd
VP = 6. 112 X 10 (Td+243.5)]

/




Step 7: Compute Statistical Values
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e Samplesize:

e Mean values:

e Median values:
 Standard deviations:

e Skewness coefficients:
 Correlation coefficients:

Wind, Thermo, Humidity.

U,V, WS, P,T,D, VP, Tv, Td.
U,V, WS, P, T,D, VP, Tv, Td.
U,V, WS, P, T,D, VP, Tv, Td.

WS, P, T, D, VP, Tv, Td.
U, V.
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Compute Mean and Median Values
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u= N1 x 3L, Xy,

0.20
0.15
0.10
0.05
0.00

7

X
Let X = sort(X). Then, MDN, = {

(

N+1
2

)

%x [X (%) +X(g+ 1)] even N.

odd N.

Median
Mean
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Compute Standard Deviation and Skewness
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VAR, = ] X Zév=1(Xi — HX)Z.
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Compute Wind Component Correlation

YN LU~ py) Vi—uy)]

(EL W) S iy
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Step 8: Diagnostic Testing

 Computed RRA mean values and standard deviations
are used to produce pu * 66 envelopes for each month.

* All constituent profiles are compared to the envelopes.

* |f all profiles are within the envelopes, then diagnostic
testing is complete and process continues on to
validation testing.

* Any profile with any value outside the respective
envelopes are removed from the set of interpolated
profiles. Once this is complete, then step 7 is repeated
with the new set of input profiles.

* This cycle is iterated until there are no envelope
exceedances.




Diagnostic Testing Results (Example)

JACOBS
ESSSA Group

5IDLO

= X
b—ag test: KWAJ: V Feb b—ag test: KWAJ: V Feb
A1 "~ "/ T T T T T — T T TN T T7v ' T ‘' T T T T T T T 7T
C 1145 profiles 1124 profiles
20 F . .
£
N
10F - -
OE T s i P DR S R R SRS . P B R
— 100 —50 O 50 100 150 O 50 100 150
vV (m/s)

v (m/s)




JACOBS
ESSSA Group

Step 9: Validation Testing

* Five skewness tests: P, T, Td, D, WS.

* Three Buell relationship tests.

* Gas law reconstruction test.

* Wind component reconstruction test.




WS

D

Validation Testing: Skewness

SKEW <4.0
SKEW < 2.5

-2.5 < SKEW < 2.5

-2.5 < SKEW < 2.5

for ys < 15 m/s
for tys 2 15 m/s
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Validation Testing: Buell Relationships

Buell, C.E., Some
relations among
atmospheric
statistics, J. Met.,

11, 1954
#2
Thermodynamic

correlation terms
are not part of
RRA output but
are computed
concurrently for

this test
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Validation Testing: Gas Law Reconstruction

Rrra = — DA 27 e
RRA = Dy T d Q,\ ‘Y?
Raccepted = 287.058 J kgt K1 7 P &\
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Validation Testing: Wind Reconstruction
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Validation Testing Results (examples)

Buell test #2: Jan KWAJ

00
E — RRA
- — Equality
20 -
c I
<0
N -
10 - -
O: L A R R RS
—-0.10 —-0.05 0.00 0.05 0.10

LHS—RHS (unitless)
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Validation Testing Results (examples)

WS Skew Test: Dec DUG

SOL

20 F

Z (km)

10 F
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Validation Testing Results (examples)

Gas Law Test Apr EGLIN

S0
20) :_ _ RRA B
- - Accepted
- i
= i
N i
10 - -
0 - L L L L L . L . | L
280 282 284 286 288 290

Gas constant (J kg—1 K—=1)
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Validation Testing Results (examples)

Wind Component Reconstruction Test: Sep WAKE
30— T T T [ T ]
B __RRA ]
E — Equality E
20 |- g
F { i
Nt ( :
10 - 3 -
oL . . :
—10 -3 0 S 10

WS_RRA-WS_recon {m/s)
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Validation Testing Notes
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Step 8: Post-Processing/Documentation




JACOBS
ESSSA Group

Summary



mailto:Patrick.W.White@NASA.gov
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Questions
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Periods of Record Used




