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During the latitudinal alignment in May — July 200 Jlysses e '
slow stream interaction regions (SIRs) over i’ ' at 1
respectively. More SIR-driven shocks were observe | than at

SIRs at 1 AU merged to form a single and str
ENLIL model (version 2.6) results from C
and demonstrate the predictive capability of
changes at all sector boundaries are capturec
susceptible to the differences in the input sola
coronal models (WSA vs. MAS). Although
declining phase and no interplanetary CME w
can differ from the observations by a couple
According to the 12 cases (two SIRs, two he 10cer
temperature and total p e are often under
overestimated. Someti € models cannc ¢ 11-sCale structures,’sucn

and small SIRs at 1 AU. The presence of non-J 210 :'m 'li’mitation of
solar magnetograms and models, and other rs the ¢ :':.:f?.

and observations. The coupled solar magnetog i de! ner c model chain
needs further development to become an ace 1 .' r for % g tool.
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resolution solar and corona] observations, a
solar wind acceleration and the ; Inner heliosp w ere, to
spatial resolution and added physics, are we % s } ) me
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1. Introduction 1
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gions (SIRs) are f *
slow solar wind, In co Ol

Stream interaction re
compresses preceding
persist throughout 3 sg].
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shown 11 rigult
model has more pronounced dlfferences o]

parameters except the plasma thermal pre st
MAS-ENLIL model than from the

because the speed derived from an ad hoa’ -
model without taking into account i€ co a"
(Riley, Linker, and Mikic, 2001). COl‘lSlS €
from the NSO-MAS-ENLIL model have a
NSO-WSA-ENLIL model as shown 1n F' ”
ENLIL run estimates the right magnltudel [
underestimates the slow wind speed and of'
with two fast wind regions at low latitudes
the NSO-WAS-ENLIL and NSO- MAS-E
SIR on 18-20 June at 1 AU from the two m

from the NSO-MAS-ENLIL model is weal
and associated SIR, so the models do not

At 5.4 AU, all three runs predict a la
likely due to the overall underestimation 0

three models, the lag of SIR #3 from the N
days. For both SIRs, the order of SIR ti
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1.2. Models . -
The Community C oordinated Mode . :  t ) hi muln-agency i i
uated at the Goddard Space Flight Ce T ﬁe effort of model developers
Zild CCMC staff over years, several solar

10C __ s have been installed and used

CCMC. In Ord mnd observations at both 1

for runs-on-request at the

and 5.4 AU, we use the ENLIL model, cu nel model running beyond 5
AU at CCMC. Because the hemsphem b igned sersonic, super-Alfvénic, and
low-P plasma, it needs nner boundary CORGH :'""T ' pﬁrtltm of either the Wang-

Sheeley-Arge (WSA) model or the Magn

d: a—Sphere (MAS) model.

The ENLIL model 1s a tlme-depmdeﬂt oheric m 2] developed by Dusan
Odstreil ef al. Using a flux-corrected-tre ' odel solves equations for plasma
mass, momentum, energy density, and ma N - < d-«, 2002 Odstreil, 2003). The
inner boundary is located at either 21.5 so W f oronal model as input or 30 Rs
for MAS coronal model as mput both be m S m Sﬂl&!’ wind. At the inner

nal magnetic field component. The
t n imerest, with options of 2 and

boundary, the solar rotation 1s added by impa ﬂ_
outer boundary can be adjusted to include p ts 0
10 AU available at the CCMC. In order to obtain resuliSat 5.4 AU, we
the way to 10 AU. We hope CCMC can add s ﬂ *  or €

s R

useful to provide the solar wind condition f or the inve =ﬂ Jupi

| i addmonm solar wind
rstellar pickup ion effects, which '0724...7
wmpanson, we can see
% ar wind g needs to be .
madei or both requires XX Ak ~
ilabl e, which is a uniform mesh ¢ <t

on s _' 80x30x180) grid points for 4 ,{7,"‘%4

The ENLIL model does not currently 1 r
physics en route to 10 AU such as shock-rela
may become important between 5 and 10 A
temperature is often underestimated even at
added. Whether it is needed for the hehosp Z
further investigation. We choose the highes
of 1280x45x180 (radial x latitude x longl de, th
the 10-AU and 360°-longtitude hellosphere 0" T
points in the low-latitude region near the eclif
the ENLIL model for our runs is approxims
in helio-latitude and helio-longitude. There
results calculated at Earth, UJ/ysses, and oth
in 2010, and the trajectories of these objec S

>, to concentrate grid el
L St fesolution of | el
Rs) in radial distance, 2°

ﬁ CCMC to obtain

m anew function added

v
B

The WSA coronal mode] combines a mx
model (Altschuler and Newkirk, 1969: Schaf
current sheet model (Schatten, 1971). From

"source surface") where the solar wind tak
the magnetic field lines are con '

strained to b
sheet model is mcorporated in order to ob :
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However, the long-term statistical ¢

work for individual events. For exampl M
resulting in no systematic offset in statl

8  warning of how far off the timing can be.
9  with no ICME encounters and quantify v
0 models. In addition, after nearly 4-years
1  model became available at CCMC 1n ez
2 ENLIL model. Such assessments can help
3 conditions during times of quiet solar aci 1
4
5

the W version 2.6 of ENLIL
y to 'f. f'__};aluate this new version o‘- du
m describe solar wind
ou d condmons for
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transient events such as CMEs.

) The inputs to both the WSA and M4
/' maps derived from photospheric magnetoy
s spacecraft line-of-sight (LOS) observatl
) synoptic maps which do not have speCIﬁF s
)

incorporates the most recent observations, é {1s muc B 0 WL Gual 'ity of individual

J: i

magnetograms and susceptible to proj ect1 S cts ; n addltlon, because
the ENLIL model generates a stationary S - ?“ r Wine r a given synop! c map, the 1-AU
results have a ~4-day phase lag due to the

poor correspondence between the model re
days of each CR.

At CCMC, there are thr

IR ee different sout L b ANIRO) at
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j ; [IJ forward shock, presumably formed by th G o D} il ‘strong leading
482  SIR has a maximum 5 of 3 nT and a me i?‘:.7. NP of abki. i o ¢ K #6-3 at 1 AU. This
483  for SIRs at this distance, 2.2 nT and 3.5 pPayy 2 @ ; *” than the typlcal values
484  displays the comparison of Ulysses obsery
485 models predict later occurrence of the tW
486 the solar wind speed. The NSO- MAS-E
487  day delay. The time separation between tl
488  sector boundaries from the three models
489  models captures the negative polarity 1n ',;”
490
491 All three models capture the forward-g
492  edge of SIR #6, the simulated parameters
493  models change too gradually to mimic th R
494  cannot be classified as a reverse shock bee | and field features do
495 not have the shock signatures, but the NS ydel s a reverse shock. This
496  suggests the physical processes in the real o a 1 c,atad than Wifat.can be
497  described in the models and some of the Sl S are not v il-develaped at 5.4 AU
498 and can be missed by a single-point obse R
500 For SIR #5 at 5.4 AU, the three mod  background s
501 temperature by more than one order of mg

502  Combining the underestimation of solar wi smaton
503  estimation 1s about right. The temporal pre 1 ' : , 1C : “ _ S /iy etnc and have
504  a sharper increase at the leading part. The NLIL and NSO-MA
505  capture such features. For SIR #6, the NS! i*
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e from 1 tO 5.4 AU.

models both chang NLIL
MWO-WSA-E
SIR #3 from the o ool

it

the strongest at 5.4 Al

ENLIL model at | AU to the N‘LO rl\/i:z
stream interaction streng:,thms the ra

usually decreases, as listed in Table 1, e
7 E L
With the radial evolution of a SIR, ressur .,
reverse shocks W 5.4 AU, as marked bY nta dag] into forward and
limited resolution of the solar Synoptlc Maps and cc _ - rigure 6(b) Considering the
trailing edges of the two SIRs from the th c models the leading and

shocks except fhé SIR #4 from the MW
gradually at the edges probably related te
and a weak resultant stream interaction.
forward shocks leading SIRs #3 and #4 j

ket ae. . PPrOXimate the strength, the
o ¥ T; ng g the three models at 1 AU but
1ges from the NSO-WSA-
' From 1to5.4 AU, as the

" g ”‘ On to the observed duration
e l mndel for CR 2017.

‘-:"* *E Siid -.' " e
; _;:, ere ﬂ‘le parameters change

| j’ i etween fast and slow streams
i the observed double

For the two SIRs at 5.4 AU, all the t
ambient temperature, while overestlmat i
NSO-MAS-ENLIL models give about thﬁ
while the MWO-WSA-ENLIL model overe: st
WSA-ENLIL and NSO-WSA-ENLIL m
a right amount of Py, enhancement,
these peak values. These models cannot cap
and Pgyn. The solar wind of SIR #4 from
and there are two N, increase regions, in cof
seems to be due to the radial evolution of

J._

._': A

s
. 'F o

(i B i #

" .: Fhe NSO-WSA-ENLIL and
' ‘*H md Py increases for SIR #3,

,,,, 31 -ﬂa ts. For SIR #4., the MWO-
P ’ﬁeld and P, but estimates

{ d tzlme variations of N,, B, P,
J 1 u I fm accelerated in two steps,

rve fand other two models. This
at 1 AU

F..

From the above comparison, the dlff ot
can be as significant as the differences due
interface time, duration, plasma, field, an o/
models quantitatively. The italic number mat
Considering the simulation-to- observatlo '
discrepancy with a weight of 2, and also o
proﬁles we give an objective assessment - prieeuce the SIR, with 1 to 3
in order of decreasing capabilty. For example@BRMISIRAB L AT, e NSO WSA BN
model has the best timing match (a weight yest match for other four parameters, so
its success count is 6, more than the other 8 fatc te o l S %o vt
In short, the best model rating 1 s usually > most 1talic umbers and with the best
timing match. For the two SIRs at | and 5 R2017, the M W Q‘WSA'ENLIL model
s caes number 3, indicating g vad f e | fits SIR #4 best at
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|||||
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' mnal models for CR 2017
maps. We use the stream
>d m Table 1 to evaluate the
1at best matches the observations.
, CC f .' 1e stream interface time

above comments about the detailed time

2.3. CR2018
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NSO-WSA model i higher latl i
15°, probably because the field from the v v coro nal holes m .
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Figure 8 illustrates the color conto
temperature, plasma thermal pressure, ang ty from the three runs at 0.144
AU, the common innermost boundary ' 0s L )-\ S A-ENLIL model
th ls, in terms ﬁf the dlﬂ'erences of

looks like an intermediate solution be
V, T,,, and B between the slow an
MAS-ENLIL models are both mor
while the slow wind region from the NSC EEIEGCTAONY Widc

the other two models. The structure at 0 3 WSA-ENL 1 model g
complicated than from the other two mo e els, i | the longltude ol
280°. The weak-field region over longltu 0 Dt MEWO-W OA-LL ;‘ LHL model is
smaller than from the other two models '

' .' mula ition results (color curved
[ .j-i.'-.'ll b TR s _

Figure 9(a) compares the ACE ohse
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517 the MWO-WSA-ENLIL model 1s rated.; 2018 features best, while
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520 3. Discussion and Conclusions
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525  5.4-AU SIRs in Jian et al. (2006, 2008b)
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576 of 1280x45x180 grid, which is the highest available at the CCMC. The corresponding model
577 resolution is only 0.0078 AU (about 40 minutes assuming solar wind speed of 500 km s™') in
578  radial distance, 2° in longitude, and 2° in latitude for the 10-AU heliosphere. Converting
579  360°-longitude range to one CR, the temporal resolution is about 3.6 hours. Models with such
580  low resolution cannot capture small-scale str : ind. i '

581 ' s which exhibit sharp changes of parameters within

>82  a few minutes. For example, none of the shocks reproduce the double forward shocks during CR
583 2017. Sk

584 K 2lmww L e g thmﬁ

585 T'o resolvg the small-scale structures and obtain variations of such as 10-minute resolution in
586  the simulation, the grid points in the radial and longitudinal directions need to be approximately
587 5120 and 4000 for a 10-AU heliosphere, or 1024 and 800 for a 2-AU heliosphere. At present, the
588 finest grid for'2-AU heh MC is 1024x120x360, so the desirable high resolution
>89 grid is possible for some test runs. This discussion also raises the issue of the outer boundary. As
590  mentioned in the introduction, Ulysses provi d an important and unique solar wind data set with
091 1ts aphelion just beyond 5 AU, its high latituc perspective, and its long-term observations. We
092 hope the CCMC can add the option of 5.5 or 6 AU for the outer boundary of the ENLIL model.
093 This can greatly benefit the investigation of the

the space environment for Jupiter, for example.
594
595 Because all observatories have their own special ways of constructing and correcting the
096 synoptic mapse.g., Neugebauer ef al., 1998; Arge and Pizzo, 2000; and references therein), the
97 ENEHTmodekyging synoptic maps from different sources can generate results with significant
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616 differ from the order at 1 AU. Because the sarhc SIR at?woﬂl;él}(;céntric distances are not

617  completely independent cases, we defini * tudy more CRs to obtain more convincing
618  statistics and to find out which observatory and which coronal model can statistically reproduce

619 SIRs best. Mmurt “
620 J
621 It would also be helpful to have access to inter-calibrated mdene ograms from multiple

622  sources, which have a higher level of conﬁdence in the absollite field strength and also validated
623  corrections to the observationally challenging polar fields (Qwen o 4., 2005; Lee et al., 2009).

624  Before such boundary data becomes available, our comparisog_sdggests that when we do not
625  know which solar synoptic map or which €eronal model is more reliable, it is instructive to run

; ‘4 626  the heliospheric model usin g multiple SOlﬂmagnetograms and multiple coronal models. The

E y 627 lack of a definitive best input is also why the CCMC has added GONG as an additional source of
ﬁ« 628  put. The CCMC also has plans to take themagn etograms from the Michelson Doppler Imager
629  (Scherrer et al., 1995) on board the Solar and Heliospheric Observatory (SOHO) spacecraft, and

i 630 from the Solar Dynamics Observatory (SDO), which hes-mueh-highersesolution solar 2 ‘:&7#7'/&
631 ; st deifnrn /vaﬁc i A pagorte 05' ) 4 Kﬂ

i ! PR B ke 3ok AL

633 Because we do not have in situ observations forthe-eeronal-medel-domain, it is difficult to
Gttt 634  evaluate the different coronal models quantitatively. At present, we can use the heliospheric

i 635 model results evolved from the coronal-modjel outer boundary, or the images in extreme

636  ultraviolet (EUV) and soft X-rays to indirectly assess the coronal models. The CCMC can in
ey 637  principle provide simulated coronal hole maps and/or polarized brightness maps as output from

638  the coronal models used in WSA-ENLIL ar *i'.*ﬁ—ENLIL,as Mt has been provided fox 7o Szﬂpav-/- 7

639  STEREO suppest by the Predictive Science These maps can be compared with f¢ coronal

640  observations Ae-aSamity sa-thecoronal\madels. Future missions, such as the Solar Orbiter
641  (Marsch et gf., 2005) or Solgr Probe Plus (MdComas et al., 2005), will make critical

642  measurements in the outer corona and mid-ratTze ;inner\heliosphere that will also greatly benefit
643  coronal and heliospheric moydels. O e




g
L o vh el g R - o d i s e ]

-

- R

L R T . b

g e rm— . S ko
o e

2 o

......

T

e R L .

e R

R s sk i
.

oy W e s o o, Wiy -

t

arison

- o e
[+ ..I“I..Hlln.r-_-..llll o
—— e i e,

I e e ———————

but

Yt

5

1€1N

In comp

iods (Ot shown here), we find the new

ly taking

"
s provides a amiquety useful and conven

S o o g i B R T T

T A H - e ¥ S S-S - .
- A A I s & . - S - -
gy . e e e e T g g
4 e o e e 1 = = ._H...._....l.._l.l o
[ak e L g T A g a— i e e g
g ety

ual

ion, us

it
ity

includes, Zg

1t

the CCMC has

tematic ways to test

%.*f‘iil)(,‘ﬂeal
ves, and

o F sy B ey B,
= =y S e o By o W W il H..-.L_l_ iy
- A Gy lrn R e, iyl . =

now

iy i
w |..JI.1|. |..-.l|
i m Lpemd i-.l_..ll_l‘_...ll..._r...!l-i.r.
" e P

e T e - i

T Sl e
R
iy b oty B oo s L T ————

in sys

b i P iy i, iy A ¢ .
e g G g e P e

i L

T i 5 - -

g L
= o g

s s )WLB-W

8

e g Wy cma e S

B e i e — Jr— .
i Sy, e : .

A, . A - by
s [ ] - = - -
"l.- =
..Il.‘dl. ' “u E
r o -
-

TVITONIT

miss

e o S s = e " S T - S — T T— Sl g e ]
LT, T SR N = re i s el ol TRt N R T
il st o Syl - R e R L S R -

e e by s e e g e i .

= bl o B

e ey

o e e i

e e
o e

ol -y

- | JF”

ty, field, and pressures

1

i o W . &

L
k-]

i

& ek
- .In..l.. -
- e ]
e e e R
. bl g,
=

owing

L~

L !

vations, the new code can give better field and
s. As the model codes are constantly updated

L -
) P g B M A d g
e -
B e
o M 8
vl S S
o & y - i . L " T e L W - -........-__..l.-r...-".
"l B 2
e e B . et bk A S g
A P ey s g P i g e

s W P 1 iy Al 2 g
|H_L___I__ - X - p - e g
ol & T . - i v

.

. -
Tl

= Py s

[ SR .__r..ﬂ...l.. -

v . -

LR OTTTIR

.-.__.l__.- |.....w..|. L e ot

oy i

" ~ foll

=% mu r T W -
- b A

N ey F e T, g P
s i T 1
sy - g g W W
Baiiie, [l oot 2k el
- - oy

— i Ty g Sy B i - p %
S Ty e o T e - e
PR R R

BRSOt
; - L b e
et

..................
S o ok, 5 A4 ' r -3 ko - o R TR T - I e T DT R e .

-
5
L

: 1. tér
H

'\.Irqr
» iy
]

]

%
Pl . T e -

=4 H
% . - -
Fﬁunc___-_...a_.h..n Hﬂﬂiﬂi .-,_..r.H .._um.u

Ak b rdr“u-uhwulru.wwuﬂﬂ-hﬂﬂhx-. A
ER E R E .Iﬁﬁiﬂ.--ﬁ;_&ﬂ.tr = +
2 oy e ._.lj._.l_ . ¥ ._.tr. _rl_l_ e o

i 1.H_.H..h.r. T _l.. 3 4 . -
.“.“.. e oy i 1y : 5 [ v

phes e e ey
; -4 iy Lot

._T.Eﬂ..,. ..__-_.I...“ =
Tl
\.

. o
- T o, il
= %.—J s = - -
i
il T - SRR " : U e .
__..H.-...d__..___.q = g Lr = = T iy . 1
R e g b, by s sk W
.-.-.._._.q-.._l-..m"..ll.!..... e 1 el b o™ f -
) o W A HERE Y Sy aE e L

o e o ol

B
e
8
ML

o

g Frame

.-.Hwtrit.._.

ya gl .

g s

h#ﬂh.w.__ﬂ.m-r .... -

ARt ) g -

5 l.;Lnl_ A, = -__"ﬂ-.-.l_ru .
W g g

b g e P T o b Ay s : .
- = S ol a . X ;
L e mu... : w oot kg 8 % P 3 L

LU .m

iy s
i byt

important to
.S

it
s of the changes made

i A P g

IS

iiiiiii

e

Modelin

levelopers,
1 the number of coronal and helios ol




b

i . = ¥
X : gl L .
L
- ’ B 4 ; T
i s - s fe |
# : 't a k F i ......
. e - T 2 . b 5 ..1 L] ._
{ = ~ i s . w e
oo} g . e g
: - ; T S N S
P o L™
- - B ¥ = A
e el AL s o iy i oy y Y -_. m .w.w,.
, : ¥ 2 : TR S o T ey
e, [ 4ot e g SRS T o S Rt o e L ¥ . e o ..,.... v
i3 S e h : : g,
A S e I - e 5l
e e, e it < a e TR
A ARt (TR . O o o e
: R e £ o O S e AR, S - Lpihd e gar arl
B - ; e e T e o ..m..rf1 W ¢ PN R e & b e o AL
2 3 i E 1 3 % ..... ol s . r aba, 5 e P ey ‘.u-_.n-_ . ..1..-. A v : ||un L |.. .l...a.. .....-. o ...g.._. T
S i o o L T e e L e h R Sy et e SN
. g et g, S e o’ e L T b Nk o e s i e ) 4L el . e et e iy
i T T T e X R GATE VIR S s B R PSS P b e N N g
o i... -...-....T..Il...“.-._ ““nl-. o .ﬂ.ﬂ.l.ﬁﬂ.-..rﬂ.ﬂ.alnr&lu |.u...i._—..r. iy .I.F.u._..u.... . S ..l1..-... iy e S T e - ...J.rn.‘.._. il fn-..-.-r_- u ..L.u....:. ._..."...“.I. e . et .. , | .@L. " i h EAT
ya et et g R s [ s ......w-}.. I -._..L_...\.-..n.m_m ’ L a e e g it . ..H...._.-. oy O +
A T ey ol = L ) e 0 A i e oy o e o : -ﬂmﬁv = - o il e B g TR o e W g e S K :
. .#._-.."..._.:_. d a_..fm..”_ﬂ.m....__.lh_..... 4 ...pw...ﬁ._-.... Y s % L - s ET ..FT.,... NG ey X ; r I LR Ta - T e
S o 3 e 3 it

¥ A,
o { moat s
nd !
W il e T i
o el . £ i .H_
iy ] )

LT o e P T

e el e B &__—..,: s

Rk & g e U S e e
B A N R
Y o S o ’

-.x.. Ealy e T r..p_nm.l s .
22 Il R et s o B Y
g N il = e 2 ..._..._:_w. ¥ San 5T
7] ] Tkt = i ¥
3 £

4 ._-.- .-.nll -.-.....- o Y ||.-. _.-. ;
TR B

g

Ly

il

= fant

. 1.&..-“.”.
1

oy |

(related to the expansion factor, see Arge

¥
L
() !'..‘

]
,li.

iah
5
+

ind speed at 21.5 Rs, i.e., about

1ncs COonm

photosphere

1C mMa

JOI0T paauaq (2)

ht (or dark) gray denote €
the photosphere. The ¢

12
In

field

b

L .
rd;'

A LR i L
‘.r:. fu.Jt
=N

' '.I'ﬂ'.:. -

b
fiftig
i

1 _:5

L ]
“,’;Eé;iii"
(i

The panels from top to bottom
iC

Ul 8 latad
f LRI g

Wi

bidl i r'E'{Zﬁjh
g
¥

.I:'|| {
fiitert

Figure 1 The MWO photospher

solar w
2. In panel (¢)
areas shaded 1
magneti

2016.
flux tubes

= - -
¥ O
& i
el o
# ._1' oM -....l.-...
- —
o ——
B
i

790
791
792
793
794
193
796
191
798
7199
300
801
802
803




0

=
- -
]
il ol u
i P
e -
i L]
-
y . . .
L . o
W
.t-
e
i s k - e 4
2 i ol o r -
. = i e - RS L el i s
., . Iy A P Ty, A [0 i b4
- " - = ¥ i
- 2 s wTap - v | "
- -._ v ¥ - e i 0 Wi L % i .”1 T ol
5 a ¥ g ® i o T - AT o
. 5 i e A - = - = - it  Be 5 o
; - L i - ¥ o N d N
. - ¥ is R BT e F o o ! o " T
. - ' - - - - .....ﬂ i 3 "N T e
\ u. = b By . ...___-....W._.H.. S - - i.-.n......_.“wr.". S
‘ 4 ] 3 . -.- e
- = s
- 25

6,and 1 AU. The

L e 8

Pl b oy b o il

0.

&
a‘:_ 1
sl Y

."IFJ_I.:'FI £=s s

-

. || ] -
r g™ ke LT Sy 8 I . i
- - b " L, ) - r - g m ia - . - 5 .
o S .-..HJ_... e g ok —_— E i e . J = i - y . 2 £ 3 ..:11..

e, ..1-.’.1..1.

¢

6;

1ation

1vVEel

1S g

P s sl

f difterent color

360° represents the temporal var

¢ field intensity from the MW

magneti
ication o

Figure 2 'l’)ﬁ@)lor contours of (a) s
d

11l




i W S

'_r..;b—.'!

itude 148

B o

Y

. .
40°to-1.1" Long

_atitude

l

i
-

t |
-
at

ACl

HGI

d

L]

[Jlysses observations

2004 and (b)

speed V, proton number density Ny, p 3

field polar

S
1
it

, total pressure P, and d '.

ty

-

d red lines give

1

| (HGI) coordinates

the sol
h lon
days as the tjme window.

b

observations
heliograph
at 5.4 AU

oy oo ..+.w...w...n.._. o

1a

IC 1nert

er than the solg

*

1S muc
d of 26
shocks, labeled

perio

- - u
e e o L
e oL b

R L
Y g e e

Ly

. | - ..|.....:... nun. ’ 1.:. s b
-.-l-.-_-.r...“.“.. oy ....-Wn._.u_ ..u... i _.1....__.....-.
L e T e AR o e
A T gl e b o g
R e T T
L = . L. g o e -_..lr - i 7 .
. 5 e e -

. .rr_H [ .-.n....rl...n...-

. for forward shock
Va

f.s

a5 ..1....._
. . e Tl
.._._......_-_.l.. a3 ._....- ) i 3 . T Lo
..rfu - n.”' =y ", i
PR ... i BT - ryg
..... ..ni..




tude

i

1" Long

0"102

Latitude -

=

HGI ACE

L - .”__.._:- I o
& |
o 2 0SS =
N&MNah
N« o 8
0 SAmqu
= 4
SQ BN S &
e o S
OenWﬂlﬁ
e- 0
= 59 3
OJSO%D..
T AN A O
S . O
BT RS
6 8 | K
O 22 g 2xg
Gma S
o - 0 8
S £ = 8
-wb-mmwwaﬂ
=T AN 2 P

shocks





