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Abstract

During the NOAA Winter Storms 2004-2005-2006 projects, as a result of
severe flooding on the west coast of the USA, observational data were taken in
the ‘vertical’ at 2 Hz from research dropsondes for temperature, wind speed
and relative humidity during the =800 s it takes to reach the surface from the
13 km altitude of the National Oceanic and Atmospheric Administration
(NOAA) Gulfstream 4 SP aircraft. The observations were made mainly through
the depth of the troposphere above the eastern Pacific Ocean from 15°N to
60°N. This sizeable data set was used to characterize representatively the
statistical fluctuations in the ‘vertical’ structure from 13 km to the surface. The
fluctuations are resolved at 5-10 metres altitude, so covering up to 3 orders of
magnitude of tropospheric weighting functions for passive remote sounders.
Average ‘vertical’ statistical multifractal scaling exponents H, C, and a of
temperature, wind speed and humidity fluctuations observed at this high
resolution were computed and are available as potential generators of scale
Invariant summaries of the vertical structure of the marine troposphere. Current
and future investigations with drone aircraft are illustrated.
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Dropsonde

GPS Dropwindsonde Specifications

Operate | Accur- |Resolu-| Time | Typ.
acy tion |Const.| Error
Pressure 1060- 0.5mb |0.Imb [<0.01 |1.0mb
20mb sec
Temperature |-90 to 0.2°C  [0.1°C |2.5to |0.2°C
45°C 3.7s
Humidity |0 to 20% ]0.1% (0.1 to |<5%
100% 10 sec
Winds 0to 150 [0.5m/s |0.1 m/s 0.5to
m/s 2.0ms
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Dynamic stability: marine boundary layer, troposphere
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Potential Temperature, ©

e O is an alternative vertical coordinate in
meteorology.

oIt IS the temperature an air element would
have If it was brought adiabatically to the
surface.

S = Cp In @ + constant

where S is entropy



Generalised Scale Invariance:
Exponents

« H Hurst or conservation exponent (0O< H<1)
 C, Intermittency exponent (0O< C,<1)

« a  multifractality exponent (0< a<2)

*Atmosphere has H = 0.56, C; = 0.05, a = 1.6 from
horizontal aircraft observations.

*Gaussianhas H=0.5,C,=0,a=2

*What of the vertical scaling?



Geopotential Altitude (km) Geopotential Altitude (km)

Geopotential Altitude (km)

-40 -20
Temperature (deg C)

10 o ¢\;:-- -
N ~——— —_—
8 4 i
-e..'_'_"_
6 - ==I .. ..
B =

* q‘_‘.i

2 -

0 = L) L) L) L) L) L)

5 10 15 20 25 30
Horizontal Wind Speed (m/s)

C 1 1 1 1
©]
10 -+

8 - [ 4

6 - %

..
.

4 -

2 -

0 L) L) L) L)

20 40 60 80

Relative Humidity (%)

log( <If(x+r) - f(x)|>) log( <[f(x+r) - f(x)|>)

log( <[f(x+r) - f(x)|>)

15

1.0

0.5

0.0

1.0

0.5

0.0

-1.0

15

1.0

0.5

0.0

H 1 =0.971 £ 0.009

log(r)

H 1 =0.668 +£0.101

log(r)

H 1 =0.706 £ 0.041

log(r)




Geopotential Altitude (km) Geopotential Altitude (km)

Geopotential Altitude (km)

'i B 15 o H 1 =0.972 +0.024
B —~ 10
A
- =
\ = 05
| 5
Z 00
a
L >
S -05
\ i 1.0
L) L) L) \- L)
-40 20 0 20 3.0
Temperature (deg C) log(r)
B 15 =
H 1 =0.817 +0.028
o~ B ~ 10
- A
L =
—- &
e 05
{r"’"“__'—‘ B E/
"“t; v 00
___,_,,/_'_"'f i g
;E—' - | -0.5
L) L) L) L) L) — -10
20 30 40 50 60 3.0
Horizontal Wind Speed (m/s) log(r)
B H 1 =0.817 +0.022
| 1.5
n
L X 1.0
o =
| T
Z 05
v
- 3
2 00
i e
L) L) L) L) L) d-#_'-'
0 20 40 60 80

Relative Humidity (%) log(r)



Geopotential Altitude (km) Geopotential Altitude (km)

Geopotential Altitude (km)

@

2 -

-40 -20 0 20
Temperature (deg C)

10 I
’J
8 - -~
e
——
6 4
<o
%
. —
4 ~.‘l
2 < -g'_:b
. =

10 20 30 40
Horizontal Wind Speed (m/s)

9

£,
8-/
6-:)

T ea——

4 - T — T e
2_
0 v v v

0 20 40 60 80

Relative Humidity (%)

log( <Ifox+) - 101> log( <lf(x+r) - 101> )

log( <[f(x+r) - f(x)|>)

15

1.0

0.5

0.0

15

1.0

0.5

0.0

15

1.0

0.5

0.0

H 1 =0.98+0.01

log(r)

H 1 =0.798 £ 0.023

log(r)

H 1 =0.748 £ 0.028

log(r)




- Min(wind speed) (m/s)

Max(wind speed)

o g oo
5 "
hED %%
00| . ** ‘.. MMVM
o
0w t HF 00%
0o 50 » L1 Ty ¥
*
AR "
w o b «
0 ) o F o *
L]
. : Wipg D0 ¥
' 2 “ o
0 & ’
0 5 W ) m.m %0
%o widh O
o  eXq " Oy @ % 0
0Q a¥ " -
0 L I I
]
] Sooo&e
0

@ :
(=) (=]

0.9

(b)

(s)H wauodx3 Buleoss (s)H wauodx3 Buleoss



80x10

60

(b)

PDF

(@)

g &8 33 R g8 3R g8 8398 g8 38R g8 338 g8 8¢ 8
— — — — — —
(%) Aupiwny 19y (%) Aupiwiny 19y (%) Aupiwiny 19y (%) Aupiwiny |8y (%) AupiwinH |8y (%) AupiwnH |8y
£ £ £
M m ~ = m m
= o o © < ~
' — ! ' N h
o ' © <t ~ o
— [oe]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
- - - O
—
o
- - oo
o
S
- - - ©
o
S
-+ -+ - <
o
S
- -+ . O
o
S
P -  ©
) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) M
Q © o o o Q © o o o Q © o o o Q o o o o o o o
N ¥ T @ N ¥ T @ N ¥ T @ N DU ¥y 9 ¥ T @
(Q) dwayr (Q) dwayr (Q) dwayr (Q) dwayr (Q) dwayr (Q) dwayr

PDF



[10-12km

[8-10km

6 -8 km
4-6km

2-4km

0-2 km

80
60
40
20

(s/w) pds puim zioH

1000

80
60
40
20

(s/w) pds puim zioH

1000

o O
0 ©

o
o o o 2 9 9 9
< N S ®© © < N
—

(syw) pds puim zuoH  (s/w) pds puIm zHoH

80
60

(syw) pds puim zuoH

(syw) pds puim zuoH

0.02 0.04 0.06 0.08 0.10 0.12

0.00

PDF



The figures to the right are composite variograms, cre-
ated by overlaying the individual variograms computed for
each dropsonde and then fitting a line to the aggregate.

While variograms typically involve variance, we use the
first order structure function in order to minimize intermit-
tency corrections and to facilitate comparison with theoreti-
cal (dimensional analysis) exponents.

Fach individual variogram contained about 100 points,
and there were 235 drops that successfully measured wind
speed, and 246 that measured temperature and relative
humidity. Therefore the lines to the right are each fitting
roughly 24,000 points. The errors are 95% confidence
intervals.

The surprise is that the slope (i.e. H) for horizontal
wind speed, came out appreciably higher than the Bolgiano-
Obukhov theoretical value of 0.6. This indicates smoother
than expected horizontal wind speed profiles. It is clear
also that temperature behaves differently in the vertical
than the other variables.

Subsequent spectral analysis has shown that the near-
unity value of H for temperature is an artifact of the struc-
ture function method, which does not produce a good esti-
mate of H when H > 1 or H < 0. For the data of 20040229,
the spectral method yielded H = 5/4, again a value unique to
temperature.
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Vertical scaling of horizontal wind, 235

dropsondes |,

2004. Scaling is not Kolmogorov or gravity wave; Bolgi
Is close in boundary layer, but none are correct at je

Winter Storms
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Dynamical stability [Ri>0.25] at 500 & 150 m(left),50 & 10 m(right)
Dropsonde (25 "N,157°W) on 20040229. The ‘Russian doll’ structure.
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QuickTime™ and a
decompressor
are needed to see this picture.

QuickTime™ and a
decompressor
are needed to see this picture.
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Velocity scaling exponents
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Aircraft ascents and descents,Jan-Mar 2004,10
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Scaling from G4 in Winter Storms 2004

Vedal Harorat
Dropsoni Aaaft  Aqaft
SegmentsSegments

Tempera 0.98600z 0.9502 0.5Z20(2
WhdSpeed 0.7680% 0.68002 0.5&02
Relwe
Hu ity

Vertical & horizontal exponents are different; no | sotropy!

0.75800¢ 0.66008 0.43003




Co-dimensions of vertical stability criteria

CRITERION CO-DIMENSION

N 2(8)=gologdoz |0.36 £ 0.06
Brunt-Vaisala (dry)

Ri = N2(6) [ov/oz]? |0.22 £ 0.04
Richardson Number

N2(4,) = 08,/0z 0.15 £ 0.02
Moist static stability

Water - via its latent heat entropy - makes a big
difference to atmospheric stability  on all scales.



NASA Global Hawk drone aircraft

1 000 kg to 19 km altitude for 28 hours at 175 m/s



el

Real-Time Mission Monitor 2nd Generation v0.01 -

( http:/ frimm2.nsstc.nasa.gov/RTMM /rtmm.shtml

Feb-Mar
2011

<IN Q[ 120 =88 082 M s

GH: 24 000 km, 70 sondes from 19 km in 30 hours
G4: 7 000 km, 16 sondes from 13 kmin 7 hours



Brightness temperature 89.5 GHz from AMSU-B

[atai510, NOAA, U
B (riage LSDA Fa

See: F M Ralph et al. Flooding on California’s Russi  an River:
role of atmospheric rivers, Geophys Res Lett 33, L13801, (2006)
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SUMMARY

* GPS dropsondes are very effective at observing
the vertical structure of wind, temperature and

humidity. They improved forecasts of flooding on th e
California coast.

* Variables do not follow Gaussian statistics. They
show statistical multifractal scale invariance.

*No monolithic stable layers; no isotropic turbulen ce.
*Jet streams alter scaling exponent H, horiz & vert .

* Atmospheric moisture greatly affects vertical
scaling, and is highly concentrated in so-called
*atmospheric rivers”.

* Drone aircraft are showing a large improvement
In capability.



