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ABSTRACT

In this investigation, we first present a statistical result of the interplanetary sources of very strong solar wind
dynamic pressure pulses (DPPs) detected by WIND during solar cycle 23. It is found that the vast majority of
strong DPPs reside within solar wind disturbances. Although the variabilities of geosynchronous magnetic fields
(GMFs) due to the impact of positive DPPs have been well established, there appears to be no systematic
investigations on the response of GMFs to negative DPPs. Here, we study both the decompression effects of very
strong negative DPPs and the compression from strong positive DPPs on GMFs at different magnetic local time
sectors. In response to the decompression of strong negative DPPs, GMFs on the dayside near dawn and near dusk
on the nightside, are generally depressed. But near the midnight region, the responses of GMF are very diverse,
being either positive or negative. For part of the events when GOES is located at the midnight sector, the GMF is
found to abnormally increase as the result of magnetospheric decompression caused by negative DPPs. It is known
that under certain conditions magnetic depression of nightside GMFs can be caused by the impact of positive
DPPs. Here, we find that a stronger pressure enhancement may have a higher probability of producing the
exceptional depression of GMF at the midnight region. Statistically, both the decompression effect of strong
negative DPPs and the compression effect of strong positive DPPs depend on the magnetic local time, which are
stronger at the noon sector.
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1. INTRODUCTION

Solar wind dynamic pressure pulses (DPPs), characterized
by sharp, large dynamic pressure enhancement or depression
with small pressure variations in the preceding and succeeding
regions, are often observed in the near-Earth space environment
(Dalin et al. 2002; Riazantseva et al. 2005; Zuo et al. 2015a). It
is found that DPPs often appear in groups on some active days
(Dalin et al. 2002). The annual occurrence rate of DPPs is
roughly in phase with the solar activity during solar cycle 23
and the rising phase of solar cycle 24 (Zuo et al. 2015b).
Although the properties of DPPs have been investigated in
depth in the past two decades, their origins are still presently
unknown. It has been proposed that DPPs are probably
produced in the solar atmosphere and propagate with the solar
wind or solar wind transients, or they may be created under
specific solar wind conditions in interplanetary (IP) space
(Dalin et al. 2002).

DPPs can be classified as positive or negative DPPs
according to the polarity of pressure changes. For a long time,
researchers have been interested in the strong positive DPPs
with striking enhancement of dynamic pressure since they are
most geoeffective. When strong positive DPPs impact the
magnetosphere, they cause rapid motion of the magnetopause,
squeeze the magnetosphere globally, and rapidly affect almost
all of the large-scale current systems in the magnetosphere and
ionosphere (Zesta et al. 2000). It is believed that there is a
direct correspondence between dayside magnetospheric mag-
netic field changes and the decrease or increase of solar wind
dynamic pressure with a step function form (Borodkova
et al. 1995; Sibeck et al. 1996). Lee & Lyons (2004) studied
the geosynchronous magnetic field (GMF) responses at all local

times to the positive DPPs. They found that the responses
under the southward interplanetary magnetic field (IMF) are
different from those under the northward IMF. For pressure
enhancements with southward IMF, the GMF is mostly
compressed on the dayside, but it sometimes represents a
dipolarization-like change on the nightside. For the northward
IMF, solar wind pressure enhancements generally cause
magnetic compression at all local sectors, and magnetic
depression on the nightside is observed in a few cases. Wang
et al. (2009) also reported some cases of negative responses
(magnetic depression) of the nightside GMFs in response to the
impact of IP shocks. It was demonstrated by Wang et al. (2010)
through a global three-dimensional (3D) MHD simulation that
a negative response probably resulted from the temporary
enhancement of earthward convection in the nightside
magnetosphere when the shock swept over the magnetosphere.
Contrary to positive DPPs with dynamic pressure enhance-

ment, strong negative DPPs make the magnetosphere expand
rapidly, which may generate reconfiguration of magnetic fields
and change the plasma convection pattern. Liou et al. (2006)
found that a sudden decrease in dynamic pressure often triggers
a rapid reduction of the overall auroral luminosity through
adiabatic magnetospheric decompression. Evidence of sub-
storm onsets, which are associated with large and sudden solar
wind pressure drops, was also reported (Liou 2007). Up to
now, the decompression effects of the negative DPPs on the
other main plasma regions in the magnetosphere have not been
well addressed. It is interesting to know whether the magneto-
spheric responses triggered by strong negative DPPs are just
the opposite to those triggered by positive ones.
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In the present work, we first investigated the distribution of
strong DPPs that have abrupt dynamic pressure change by at
least 3 nPa in different types of solar wind, with the aim of
studying their IP sources. On the other hand, there appears to
be no systematic investigations that present the visible
disturbances in the magnetic fields at geosynchronous orbits
from the impact of negative strong DPPs. Here we perform a
thorough analysis of GMF variability at all local time sectors
in response to the magnetospheric decompression from the
strong negative DPPs, based on observations from the
GOES spacecraft. For comparison, we also give the results of
the responses of the GMF to the strong positive DPPs events
under the northward IMF. In Section 2, the data sources and
selection criteria for strong DPPs are briefly introduced. Some
typical examples and their triggered changes in GMFs are also
shown. The statistical results of the IP sources of strong DPPs
are presented in Section 3. We then discuss the decompression
and compression effects of strong negative and positive DPPs
on GMFs separately in Section 4. In the last section, the main
results are summarized.

2. DATA SOURCE AND METHODOLOGY

We have recently developed a novel procedure that has the
ability to automatically identify DPPs from the plasma data
stream, simultaneously define the transition region where large
dynamic pressure variations occur, and smartly select the
relatively quiet upstream and downstream regions (Zuo
et al. 2015a). We applied this code to the high-resolution
plasma data detected by the WIND spacecraft, with the aim of
identifying the strong DPPs during the entirety of solar cycle
23. For nearly two decades of continuous observations,
WINDwas located in the solar wind, mostly monitoring the
near-Earth environment and also sporadically entering the
magnetosphere. The DPP events when WINDwas in the region
with XWIND < 60RE and Y Z R60WIND WIND E

2 2+ < (XWIND,
YWIND, and ZWIND are coordinates of WIND location in GSE or
GSM) are not considered in order to ensure that the identified
event does not occur in the magnetosphere and its foreshock
region. The calibrated solar wind plasma data used in this code
was measured by the WIND 3DP instrument (Lin et al. 1995),
and obtained from the public web site http://cdaweb.gsfc.nasa.
gov. The 3DP data are provided with a temporal time resolution
as high as 3 s.

The DPP front where the sudden changes in dynamic
pressure occur is called the transition region, and the
corresponding preceding and succeeding stable regions are
defined as its upstream and downstream. The selection criteria
of DPPs as the input of the searching code have been defined in
Zuo et al. (2015a). In this investigation, we focus on the strong
DPPs that potentially have the most significant consequences in
the near-Earth environment. For completeness, we also
include the requirements for strong DPPs listed in Zuo et al.
(2015b): (1) the abrupt change of the dynamic pressure exceeds
a given threshold value of dPdy0 = 3.0 nPa and is at least 20%
of the average of the dynamic pressure in the upstream and
downstream regions; (2) the crossing time of the transition
region is less than dt0 = 5 minutes; and (3) in the upstream
region, the square deviation of Pdy is less than 0.6 times the
average value, and the variation amplitude of dynamic pressure
is less than 0.6 times the change amplitude in the transition
region. The same requirements in the downstream region are
prescribed. This selection criterion defining strong DPPs as

those having dynamic pressure changes over 3 nPa in 5 minutes
is built from experience and is based on studies of a variety
of solar wind disturbances and research on magnetospheric
responses to DPPs. In total, 1149 strong DPPs are identified
during solar cycle 23, from 1996 through 2008. A database
containing the information of these selected strong DPPs has
been built for further analyses.
In order to discuss the responses of the magnetosphere to the

DPPs detected in its far upstream, the first step is to determine
the exact arrival time of the DPP propagating from the observer
to the responder. It is well-known that the positive sudden
impulse (SI+) usually results from the compression of the
magnetosphere by a sudden enhancement of the solar wind
dynamic pressure. Araki (1994) has explained how an increase
in the solar wind dynamic pressure with a pulse form can lead
to a complex global distribution of the SI+ waveform. Takeuchi
et al. (2002) also indicated that the negative sudden impulse in
the geomagnetic field (SI−) is produced by rapid decreases in
the solar wind dynamic pressure. These facts implied that some
positive and negative DPP, although not all events, can
generally cause SI+ and SI− signals, respectively. Thus we can
use the SIs as indicators of the arrival of such DPPs. We first
roughly estimate the arrival time in terms of the average solar
wind speed and the distance between the WIND location and
the subsolar point. Then the data of the SymH index in a
window including half an hour before and after the estimated
time are inspected to check whether an SI occurs. If there is
more than one SI+ or SI− occurring in this window, we will
additionally check the change form of SymH index surround-
ing the SI signals. If the variation of the SymH index before
and after the SI has an approximately consistent change form of
solar wind dynamic pressure, the SI can definitely be confirmed
to be caused by the considered DPP, and the time of the SI is
regarded as the arrival time when the DPP sweeps over the
magnetosphere. Note that some DPPs only cause very slow
changes in geomagnetic fields and in the SymH index,
especially when the magnetosphere is in a disturbed phase,
no visible SIs are found to correspond to the DPPs. For these
DPPs, we cannot exactly confirm the arrival time in this way.
Figure 1(A) gives five examples of strong DPPs, numbered

1–5, respectively, that occur during the interval from 21:45 UT
to 23:45 UT on 2002 March 29. During this interval,
WINDwas located at (79.0, 20.9, 7.7) RE. The panels show,
from top to bottom, the magnetic fields and the plasma
parameters, including the proton temperature, proton number
density, solar wind bulk velocity, and proton dynamic pressure.
Blue vertical lines define the so-called transition region, and the
adjacent upstream and downstream regions with a 3-minute,
relatively quiet interval are marked by the red transverse lines
for each event. The abrupt changes in dynamic pressure are
usually accompanied by changes in the magnetic field and
other plasma parameters as shown in the figure. During this
interval, the IMF remains strongly northward. An exceptional
pressure-enhanced region bounded by the first and last DPPs is
formed, with the average dynamic pressure exceeding 9 nPa.
The first DPP observed by WIND, at around 22:15 UT, is a
typical forward fast shock. It is the front boundary of a
corotating interaction region (CIR, not shown here; see the CIR
list on the web site http://www-ssc.igpp.ucla.edu/~jlan/
ACE/Level3/SIR_List_from_Lan_Jian.pdf). Across the DPP
transition region, the dynamic pressure is abruptly enhanced by
5.4 nPa within less than 1 minute. In response to this pressure-
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pulse, a large SI+ with a SymH index increased by 38 nT is
observed in 21 minutes (determined by the above method). The
two GOES spacecraft (GOES-10 and GOES-8) saw consider-
able changes in the magnetic fields at nearly the same time of
the SI signal.

Figure 1(B) presents the GMF data from the
GOES spacecraft with 1-minute time resolution and the SymH
index from 22:00 UT through 24:00 UT on the same day as
shown in Figure 1(A), during which GOES-10 was located at
the noon sector, with MLTs of 12:55–14:53, and GOES-8 was
at the dusk sector, with an MLT of 17:00–19:00. The blue lines
show the three magnetic field components in GSM coordinates
and the magnetic elevation angle of GOES-8, and the
observations of GOES-10 are plotted in red. The last panel
gives the SymH index. The GOES data and SymH index used
with a 1-minute resolution are also sourced fromhttp://
cdaweb.gsfc.nasa.gov. As denoted by the first vertical line in
Figure 1(B), under the impact of the first DPP, both of the
GMFs at noonside and dawnside are strongly compressed. The
magnetic field intensity of the dayside spacecraft GOES-10 at
an MLT of 13:30 increases by nearly 40%. And the GOES-8
magnetic field at an MLT of 17:35 also increases by nearly
20%. In comparison, the compression from the strong positive
DPP is more distinct near the noon, which is consistent with the
statistical results of Wang et al. (2009).

When the fifth identified DPP, a typical negative event,
impinges on the magnetosphere, a strong SI− is triggered at
around 23:37 UT, with the SymH index decreased by 25 nT,
as shown at the second solid line in Figure 1(B). Nearly
simultaneously, the GMFs at noon and at dusk are distinctly
depressed due to the expansion of the magnetosphere. The

magnitude of the GMF of GOES-10 decreases by 38 nT and
there is also around a 10 nT decrease at GOES-8’s position,
although it is weaker than the response at the noonside. Below
we will show that most negative DPPs can cause such simple
decompression effects on nearly all local MLT sectors.
We also notice that there are three other code-searched

strong DPPs numbered 2–4 in Figure 1(A). Each DPP is found
to be a sub-region of a structure with a large but relatively slow
dynamic pressure change (see the regions bounded by lines a–d
in Figure 1(A)). The three structures of large dynamic pressure
increase or decrease similarly cause the corresponding slower
responses in the GMFs and increase or decrease in the SymH
index (see the changes bounded by lines a–d in Figure 1(B)).
For each DPP, the contribution of the dynamic pressure change
is covered in the smooth response form. In this case, we cannot
ascertain the exact start time of response when these DPPs
arrive.

3. IP SOURCES OF STRONG DPPS

Generally there are two types of dominant large-scale
disturbances in IP space (Jian et al. 2011; Richardson & Cane
2012): IP coronal mass ejections (ICMEs) that are IP
manifestations of the coronal mass ejections, and CIRs that
are compression regions resulting from the interaction of fast
solar wind with slower solar wind that is ahead of it. ICME
often drives an IP shock or a pressure-pulse discontinuity, and a
turbulent sheath region is formed due to the interaction of
ICMEs with the ambient solar wind. The ICME, the sheath
region, and the driven discontinuity are often considered to be
an integrated, disturbed solar wind structure. In addition,

Figure 1. (A): Magnetic field and plasma parameters for five examples of strong dynamic pressure pulses (DPPs) in the solar wind detected by WIND on 2002 March
29. (B): Observations of geosynchronous magnetic fields from GOES-10 and GOES-8 during the interval from 22:00 to 24:00 on 2002 March 29.
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interactions of successive ICMEs, and interactions between
ICMEs and CIRs, are frequently observed. When discussing
their geoeffectiveness, the interaction regions combined with
the corresponding ICMEs and/or CIRs are usually considered
in their entirety to be complex ejecta. Hence the near-Earth
solar wind can be classified into four types, defined according
to their different origins: (1) CME-related transient flows,
including ICME and the associated sheath regions; (2) CIRs;
(3) complex ejecta, including successive ICMEs, ICMEs
followed closely by CIRs, CIRs followed closely by ICMEs,
or ICMEs in SIRs (Jian et al. 2006); and (4) high-speed and
low-speed solar wind flows. The first three types of solar wind
belong to the so-called disturbed solar wind.

We count the DPP number related to each type of solar wind
to determine when DPPs preferentially occur. The lists of
ICMEs and CIRs during solar cycle 23 (http://www-ssc.igpp.
ucla.edu/~jlan/ACE/Level3/SIR_List_from_Lan_Jian.pdf
and http://www-ssc.igpp.ucla.edu/~jlan/ACE/Level3/
ICME_List_from_Lan_Jian.pdf) were referenced to determine
the passage of the first three types of solar wind transient
events. If the transition region of a DPP is located inside one
type of solar wind flow or the DPP is identified as the
boundary, the DPP is regarded to be associated with this type
of solar wind. Figure 2 illustrates the statistical results of the
distribution of all the identified events. In total, the number of
strong DPPs during solar cycle 23 that resided in flow types
1–4 account for 29.1%, 20.8%, 35.4%, and 14.7%, respec-
tively. To summarize, 85.3% of strong DPPs are associated
with the disturbed solar wind. But according to our statistics,
the flows of types 1–3 only persist 4.66%, 14.35%, and 4.80%,
respectively, of the total time from 1995 to 2008. That is to
say, the strong DPPs are more prevalent in the disturbed solar
wind. The DPPs residing within the disturbed solar wind are
probably produced by the interaction of different types of
solar wind.

4. GMF RESPONSES TO STRONG DPPS
UNDER THE NORTHWARD IMF

4.1. Event Selection

The magnetospheric and ionospheric responses to the
incoming dynamic pressure change depends strongly on the
orientation of the preexisting IMF. Southward IMF conditions
combined with high dynamic pressure after a strong pressure
front impact make the coupling between the solar wind and
the magnetosphere predominantly enhanced (Boudouridis

et al. 2004, 2005). It may attribute to the coupling of the great
enhancement magnetotail reconnection that is controlled by the
IMF orientation prior to the arrival of the pressure front, and
the enhanced magnetospheric convection due to the compres-
sion of magnetosphere. During the northward IMF period, the
magnetic reconnection effects are weakened, and the solar wind
dynamic pressure enhancement becomes more important for
geomagnetic activity (Liou et al. 2013). In order to isolate the
compression or decompression effects of dynamic pressure and
abrupt change from other disturbances resulting from the
enhanced magnetic reconnection, we only investigate the GMF
responses to strong DPPs under the northward IMF.
We select the typical DPP events for which the IMF Bz

remains positive as those occurring 20 minutes before and after
the DPP transition region, and triggering a clear SI (SI+ or
SI−), with an SymH index increase or decrease of over 10 nT in
less than 10 minutes, so that the arrival time of the event can be
definitely confirmed. To avoid the influence of geomagnetic
activities, it also requires that there is no geomagnetic storm
occurring 20 minutes before and after the arrival of the selected
event (limit the SymH index to be larger than −30 nT during
the interval). The above analysis indicates that most strong
DPPs are associated with ICMEs or CIRs, which, however, are
the main drivers of geomagnetic storms. Hence the selection
criteria is somewhat stringent. Only a tiny portion of cases meet
these requirements. In total, 21 suitable negative DPP events
and 32 positive ones are selected for a statistical analysis.

4.2. GMF Responses to Negative DPPs

Lee et al. (2004) indicated that in response to pressure abrupt
enhancement under the northward IMF, the dayside GMF is
straightforwardly compressed, with all of the three magnetic
field components increasing simultaneously, as is shown at the
first vertical line in Figure 1(B). Here we found that in response
to most of the negative DPP events under the northward IMF,
the GMF has a similarly reverse response, i.e., it behaves in a
simple magnetic depression manner, which can be observed at
all of the MLT sectors. Figure 3 shows three examples of such
responses. The panels in sequence are the solar wind
parameters Bz and Pdy from the WIND observations, and the
components and magnetic elevation angle of the magnetic
fields of the two GOES spacecraft. All the data are given in
GSM coordinates.
For the event on 2002 December 22 (see Figure 3(A)), both

of the two GOES spacecraft were located near the noonside. In
response to the impact of this DPP with a dynamic pressure
decrease of −7.4 nPa in 2 minutes, the dayside magnetic field
at the location of GOES-10 and GOES-8 respectively decreases
by 28% and 22%, with the dominant magnetic field
components Bz and Bx notably decreased. For the event on
1997 April 11 (see Figure 3(B)), GOES-9 is located near the
dawnside at an MLT of 05:45. All three components of the
magnetic field become weakened, which shows a typical effect
of magnetospheric expansion. GOES-8 is located on the
dayside at an MLT of 09:44. The changes of the GMF are
similar to those for the event on 2002 December 22. Note that
there exists a time difference between the response time of the
GMF at two locations with nearly 4 hr of separation in MLT,
which is the witness of DPP’s propagation from the dayside to
the nightside. For the last event on 1999 May 18 (see Figure
3(C)), GOES-10 is near dusk on the nightside. The GMF at
this location responds in a similar manner. GOES-8, at the pre-

Figure 2. Proportion of the number of DPPs associated with different solar
wind flows during solar cycle 23.
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midnight region with an MLT of 23:08, also records that the
three components of the magnetic field decrease abruptly in
around 8 minutes. For this case, GOES is not located in the
zone of the dipole magnetic field but may be near the boundary
of the plasma sheet since the elevation angle is very small,
about 19°. The magnetic elevation angle increase is due to the
outward motion of the boundary of the plasma sheet that results
from the expansion of the magnetosphere. It is also seen that
for all the cases, the magnetic elevation angle either decreases
or increases, but its change amplitude is small (less than 10°).
The change of the magnetic elevation angle may depend on the
the orientation of the propagation of each DPP and where the
measurement is made.

For each selected typical event, the two GOES spacecraft are
found to have clear responses in the GMF accompanied by the
SI− signal. Note that almost all the responses of the GMF on
the dayside (MLT from 06:00 to 18:00) represent simple
depression as shown above, except one case where GOES is
very near the dawn (will be shown later). But the nightside
response can be more complicated. For most of the cases with
GOES on the nightside, a decrease in the GMF is observed.
However, there are also some abnormal responses for a few
events, especially near the midnight geosynchronous orbit,
including an increase of the GMF and weak dipolarization.
Below we present all the found abnormal responses in Figure 4.

For the event on 1997 November 11 (see Figure 4(A)), the
dynamic pressure decreases by around 3 nT. Around 42
minutes later, GOES-8, positioned near midnight, observed the
dominant magnetic components Bz and Bx increase, which
makes the magnitude of the GMF increase by 5.2 nT (near 6%),
while the elevation angle nearly has no change. Lee et al.
(2004) showed a case in which the GMF in the pre-midnight
region decreases in response to a positive DPP under the
northward IMF. They interpreted this phenomena as being
caused by the enhancement of the cross-tail current due to the
compression of the magnetotail. Here the GMF increase
resulting from the sharp dynamic pressure depression may
also be due to the decrease of the cross-tail current, i.e., a
reverse to the responses to the pressure enhancement. At nearly
the same time, GOES-9, positioned at the duskside, with MLT
20:01, observed Bz and By slightly increase, and Bx slightly
decrease. Consequently the magnetic field remains nearly
unchanged, and the elevation angle changes by only 2°. The
response of the GMF at the dusk is relatively very weak.
For the event on 2001 December 29, GOES-8 was located

near dawn but on the dayside. Before the arrival of the DPP,
there was some low-frequency wave disturbance, which makes
the quantitative study of the change of the GMF insignificant.
But we still can see the magnetic field depression. This is the
only case with an enhanced GMF on the dayside in response
to the negative DPP. For this DPP event, the other

Figure 3. Examples of the cases that the GMFs at different MLTs are depressed in response to the magnetospheric decompression with negative DPP impacts.
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GOES spacecraft was located in the post-midnight, with an
MLT of 02:54. The GMF changes are similar to those observed
by GOES-8 for the event on 1997 November 11.

For the event on 2002 November 10, GOES-8, positioned
near dawn on the nightside, observed an increase in the
magnetic field by 5.5 nT. The dominant magnetic field
components become By and Bz at this location. By is seen to
increase. We cannot ascertain the change of Bz since there are
strong fluctuations during the considered interval. Simulta-
neously, GOES-10ʼs position is very near midnight, with MLT
23:50. Both By and Bx decrease. That is to say, the magnetic
field in the plane of the magnetic equator is depressed. But the
Bz component is found to increase. Consequently, the elevation
angle is found to increase. The intensity of the magnetic field
slightly increases by about 2 nT. It seems that overall, the
change in the magnetic field resembles a weak dipolarization.
Lee et al. (2004) have reported few valuable cases with a
similar dipolarization-like GMF response to dynamic pressure
enhancement, but under the southward IMF.

Usually there are simultaneous observations from two
GOES spacecraft that are available for each pressure-pulse
event. We first collect the information of the selected DPP
events and the corresponding GOES observations of the GMF,
including the dynamic pressure in the upstream (Pdy0), and its
change amplitude from the upstream to the downstream (dPdy),
the location of GOES in MLT, and the magnetic field right
before the arrival of the DPP (MLT0 and B0), as well as the

change amplitude of the magnetic field (dB). The geosynchro-
nous orbit includes four sectors: the midnight sector with an
MLT of 00:00–03:00 and 21:00–24:00, the dawn sector with
an MLT of 03:00–09:00, the noon sector with an MLT of
09:00–15:00, and the dusk sector with an MLT of 15:00–21:00.
Figures 5(C) and (D) show the absolute change amplitude dB
of the GMF and the relative change dB/B0 as a function of the
MLT of GOES’ location for each case. We also plot the
absolute change and relative change of the dynamic pressure
dPdy and dPdy/pdy0 of each DPP and the location of GOES at
the time of the DPPs’ arrivals in scatter points in Figures 5(A)
and (B). It can be seen that the GMF change dB is negative for
most of the cases at all MLT sectors. There are also a few
events with abnormal responses (dB is positive), which mainly
occur in the midnight sector. Among the cases when GOES is
in the midnight sector, half of the events have a magnetic field
increase in response to a strong negative DPP.
As presented in Figures 5(A) and (B), there is a similar

distribution of dPdy and dPdy/Pdy0 for the cases with
GOES distributing at the dawn, dusk, and noon sectors.
However, we can see a more intense change of the total
magnetic field dB at the noon sector (see Figure 5(C)). The
average of the GMF change relative to the the magnetic field
right before the arrival of the DPP dB/B0 is also stronger at the
noon sector than those at dawn and dusk sectors (see Figure
5(D)), in a statistical sense. This implies that the decompression
effect of negative DPPs is more obvious at the dayside noon

Figure 4. Examples of the cases in which the GMF has an abnormal response to the negative DPPs.
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sector. The noon GMF is mainly affected by the dayside
magnetopause current, which is expected to decrease due to the
magnetospheric expansion, but the change of nightside
magnetic field is also greatly affected by the cross-tail current
and the field-aligned current, which may be very complicated
in response to a sudden dynamic pressure change. Therefore
this result can be easily understood.

The analysis concerning the 21 typical events indicate that
an abrupt decrease in solar wind dynamic pressure with the
northward IMF generally leads to magnetic decompression in
GMFs, with a few cases of enhancement of the GMF at MLTs
around midnight. These effects are just opposite to those
caused by the positive DPPs shown in Lee et al. (2004). The
GMF increase at the nightside may occur when the effect of the
depressed tail current from magnetospheric expansion has an
advantage over the effect of the nightside magnetopause
current depression. On the other hand, the decompression from
negative DPPs is strongest near noon and decreases toward the
dawn and dusk sectors. In the next section, we will show that
the compression due to strong dynamic pressure enhancement
has a similar manifestation in different time sectors.

4.3. GMF Responses to Positive DPPs

GMF changes in response to abrupt enhancements of the
solar wind dynamic pressure have been intensively studied and
are well-understood (Lee et al. 2004; Wang et al. 2009, 2010,
and Sun et al. 2011). It is found that there are striking
differences between the responses under the condition of the
southward IMF and the northward IMF. The decrease of the

GMF near the midnight region when the DPP impacts the
magnetosphere, labeled as a negative response in some
literature, has drawn much attention. Figure 6 shows a typical
example of a strong negative response. The DPP is detected by
WIND around 05:16 UT, with dynamic pressure intensively
enhanced from 2.7 nPa to 9.2 nPa. Around 16 minutes later, a
strong SI+ appears with its arrival. At the same time, the
magnetic field of GOES-8 is strongly depressed by nearly 25%,
with all three magnetic field components decreased. These are
the fundamental characteristics of the negative response.
In Lee et al. (2004), only a few events with the northward

IMF are found to have negative GMF responses at the midnight
region. Wang et al. (2009) also found most negative responses
to occur during the southward IMF. We also investigate the
responses of the GMF to the selected 32 positive DPPs with
larger dynamic pressure enhancement under the northward
IMF. All of the parameters are shown in Figure 7. In total, we
find 10 events for which one GOES spacecraft is located at the
midnight sector during the arrival of the DPP. The correspond-
ing GMF change is either positive or negative, which is
consistent with previous studies. Specially, 4 out of 10 events
have a negative response, which accounts for 40%. This
implies that a strong pressure enhancement may have a higher
probability of producing a negative response under the
northward IMF.
Both Lee et al. (2004) and Wang et al. (2009) found that the

compression effect of pressure enhancement is largest near
noon and decreases away from noon. This conclusion is also
verified by our statistical results based on the observations for

Figure 5. Summary plot of the parameters of the selected strong negative DPPs and the corresponding GMF changes based on GOES observations.
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our selected strong DPP events with larger dynamic pressure
increases. It can be seen in Figures 7(A) and (B) that the
distribution of dPdy and the dPdy/Pdy0 of DPPs that trigger the
GMF responses are roughly uniform at the noon, dawn, and
dusk sectors. However, the average dB corresponding to the
GOES observation at the noon sector is obviously stronger than
that at the dawn and dusk sectors. The relative change of dB/B0

also has this tendency.

5. SUMMARY

In summary, we first perform a statistical study of the strong
solar wind DPPs, across which the dynamic pressure changes
by at least 3 nPa and 20% of the average of the pressure in the
upstream and downstream during solar cycle 23 from 1996
through 2008. It is found that only 15% of DPP events occur in
the high-speed or slow-speed solar wind, and the remaining
majority reside within the solar wind disturbances, including
ICMEs and the associated sheath, CIRs, and complex ejecta
resulting from the interactions between successive ICMEs, and
between CIRs and ICMEs. The DPPs in the undisturbed solar
wind and those associated with solar wind disturbances may
have different origins.
To better understand the solar–terrestrial connections con-

cerning strong DPPs, in this study, we also discuss the
decompression/compression effects of negative/positive DPPs
on the magnetic fields at geosynchronous orbits. The observa-
tions of magnetic fields from the GOES spacecraft were
inspected to study the responses to the selected typical DPP
events with a northward IMF prior to and after the DPP front,

Figure 6. Example of GMF negative response near the midnight in response to
a positive DPP.

Figure 7. Summary plot of the parameters of the selected strong positive DPPs and the corresponding GMF changes based on GOES observations.
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on the condition of weak geomagnetic activities
(SymH > −30 nT). The fundamental behaviors of the GMF
at all local MLTs in response to DPPs under the northward IMF
have been well addressed by Lee et al. (2004). The DPP events
investigated in this study are somewhat stronger. For these
events, we can seeresponses of the GMF that are similar to
those described in Lee et al. (2004). In addition, we also find
some new statistical results: (1) a strong pressure enhancement
may have a higher probability of producing a negative response
at the midnight region; (2) not only the GMF change, dB, but
the relative change, dB/B0, depend on the local time in
response to the strong positive DPPs to be strong at noon and
to fall away from noon.

Here we focus on the decompression effect of strong
negative DPPs on the GMF at all local MLTs under the
northward IMF, which has been rarely reported. The main
results are summarized as follows: (1) contrary to the responses
of the GMF to positive DPPs, negative DPPs generally lead to
the depression of the GMF on the dayside and at the dawnside
and duskside; (2) for part of the events when GOES is located
near the midnight region, the magnetic field is found to increase
in response to the decompression resulting from the pressure
decrease; (3) similarly, both the absolute change, dB, and the
relative change, dB/B0, of the GMF resulting from the
magnetospheric decompression, depend on the the local time
to be stronger at the noon sector.
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