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Method

Gefting data
Binning according to h, LT, month

Fitting / modeling T =

P, (background)

+ P, Year + (long-term trend)

Determining the trend + Py T+ P, P+ (solar flux)

Error estimate + P, a (magnetic activity)
f=F107-E107
a=ap3-ap3
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Sondrestrom Trend residuals (a)
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200 | - ? R P il i
ol 1.02K/yepr - IR e 1.74Kisfy, 1 i 1.15K/ap
s SR AT 1Y ¥ TR 2 A i
200 F i1 1 1.80Kap—
0 d 31 1 i
.200 + Y . 450-500km
200 ¢ i g m"
ot L i
.200 - : 400-450km
mo - I +
0ox
200 & IR "ap
o} or |
-200 + ! 300-350km
200 o } ‘ vap
OF ERR ~
.200 } : 250-300km
wg v 1 i i \ 1.@(’”_
200 } 1HR 200-250km
208 - Vi i i ' 0.428.('189
.200 b PE T Y80-200km
(] |i i i i _1.59Kiep
5 T 1 2 -
.200 | P10 160-180km
i 4
-200 + : B 1 B 140-160km
] o
200 oy 120-140km
ol SRS FrTIHAMTIAN CI T
200 100-120km {[THTTEET T Y00, 120km

2015 75 100 125 150 175 200 225 O
F107 (sfu)

ap

10 20 30 40 SO



Millstone

Hill Trend residuals (a)

Ry \. rid 4

F10.7

'
»

idua

k2

Is (b) ap residuals (c)

1970 1980 1990 2000 2010 75 100 125 150 175 200 225 O 10 20 30 40 SO
year F107 (sfu) ap



A Ti(K)

A Ti(K)

A Ti(K)

5 B8 888888 88,883

Poker Flat Trend residuals (a)

ap residuals (c)

- .7.15K/pear 5.42K/ap
[ 500-550km 500-550km
- «i(/yeat o éﬁ“ + +
[ 450-500km ‘ . |
R — '
| 400-450km | | |
-2 68K/year .. i 1
30400 " ] .
:-zssKIyaar %_;
[ 300350km | |
-201Kiyear . T T
osemn T
1
200-250km  *
-2 Sl:wear . % ; !
[ 180-200km
T T e i
160-180km 73 ] ]
- 0.218KNear 1 T 1
[ 140-160km
—_— KM - ' + +
[ 120-140km  *EIT
1 17Kiyear , : i ! . : '
:100-1‘20m b : | _ '"fM Wm
1970 1980 1990 2000 2010 75 100 125 150 175 200 225 O 10 20 30 40 S0
year F107 (sfu) ap




Millstone Hill

500 ————————————
—o— daytime * Increasing
450 —e— nighttime 1 - - X
cooling with

400 T : height
E£350f
P * Stronger
hed| daytime cooling
= 250

200 |

150 f

oo e e

-6-5-4-3-2-10 1 2 -6-5-4-3-2-10 1 2
Ti trend (K/year) Ti trend (%/decade)



Sondrestrom
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Daytime Comparison
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height (km)

T1, Te, and Tn

Millstone Hill: F107 =179.2, ap =5, day =286, local time =15.06
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T1 dependency on Tn, [O], Ne, and Te
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GraV1ty waves trends?
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(a)the climate regime shift of
1976-1977 launched slow
Rossby waves across the
oceans which continue to
propagate to this day,

(b)winds over this increasingly
corrugated ocean have
launched increasing fluxes of
gravity waves into the
atmosphere,

(c) these increasing fluxes of
gravity waves have
propagated to the
thermosphere to produce
increasing amounts of
cooling

Oliver, W. L., S.-R. Zhang,, and L. P. Goncharenko (2013), Is thermospheric global
cooling caused by gravity waves, J. Geophys., Res., 118, 1-11, doi:10.1002/jgra.50370.



Summary

o Similarities exist between Ti tfrends
derived from MH, Sondrestrome and
Poker Flat / Chatanika

o Height dependency
o Day-night difference

o Strong cooling: ~90K (daytime average) in 45 years; or 45K
(day+night)

e Questions:

o Stronger cooling than expected (from CO2 effect)
o Day-night difference



