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 River discharge as well as lake and wetland storage of water are critical elements of land 
surface hydrology, yet they are poorly observed globally and the prospects for improvement 
from in-situ networks are bleak.  Considering this, the NASA Surface Water Working Group 
[Alsdorf et al., 2003] is focused on the following science and applications questions: (1) What 
are the observational and data assimilation requirements for measuring natural and manmade 
surface storage and river discharge that will allow us to (a) understand the land surface branch of 
the global hydrologic cycle, (b) predict the consequences of global change, and (c) make 
assessments for water resources management?  (2) What are the roles of wetlands, lakes, and 
rivers (a) as regulators of biogeochemical and constituent cycles (e.g., carbon, nutrients, and 
sediments) and (b) in creating or ameliorating water-related hazards of relevance to society? 
 Global models of weather and climate could be constrained spatially and temporally by 
stream discharge and surface storage measurements.  Yet this constraint is rarely applied, despite 
weather and climate modeling results showing that predicted precipitation is often inconsistent 
with observed discharge.  Thus, as satellite missions are developed for global observations of 
critical hydrologic parameters such as soil moisture (i.e., HYDROS, SMOS) and precipitation 
(i.e., GPM), the lack of concomitant measurements of runoff and surface water storage at 
compatible spatial and temporal scales may well result in inconsistent parameterizations of 
global hydrologic, weather, and climate models.  Although off-river-channel environments, such 
as wetlands, floodplains, and anabranches (e.g., braided channels) are increasingly recognized 
for their important roles in delaying continental runoff, in biogeochemical cycling of waterborne 
constituents, and in trace gas exchange with the atmosphere, these environments are not gauged 
because flow is diffusive (non-channelized).  Rather than fixed station measurements, remote 
sensing offers the only practical way to determine the spatial and temporal patterns of inundation 
and water storage of these areas over large spatial domains.   
 Volumetric measures of surface waters are essential [Alsdorf & Lettenmaier, 2003].  
Three different approaches have recently emerged to provide these measurements.  (1) 
Interferometric processing of SAR data have provided cm-scale measurements of changes in 
water levels from environments of inundated vegetation [Alsdorf et al., 2000; 2001].  This 
approach, however, uses long-wavelength microwaves and relies on a radar pulse travel-path that 
returns off-nadir-emitted energy to the antennae.  Such paths are typically found in flooded 
forests: the method will not work for open waters, such a river channels.  (2) Gravity data from 
the ongoing GRACE mission and its possible follow-on are expected to provide measurements 
of the changes in total stored water volumes (i.e., atmospheric, surface, soil, and ground water; 
Rodell & Famiglietti 1999; Wahr et al., 1998), yet the spatial resolution is on the order of 
200,000 km2.  While gravimetric data has the potential to address important science issues at the 
continental and large river basin scale, it most likely will not be applicable for directly 
measuring the smaller scale hydraulics of individual channels, lakes, and wetlands.  (3) The most 
promising approach combines altimetry with imaging to provide a high-resolution mapping of 
the water surface elevation.  The low spatial resolution of oceanic radar altimeters has already 
been used to measure water surface elevations of the largest rivers and lakes [Birkett et al., 2002; 
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Maheu et al., 2003].  Although these studies can only provide a profile of elevations, they 
demonstrate that the frequencies employed are sufficient for sampling inland waters. 
 Fortunately, a combination of interferometry and altimetry may provide the necessary 
spatial resolution [Ernesto Rodriguez of NASA JPL, personal communication].  The instrument 
is a follow-on to the already NASA-funded Wide-Swath Oceanic Altimeter built by NASA JPL.  
It essentially combines two k-band altimeters along a short boom, providing a fixed 
interferometric baseline for the SAR processed altimeter waveforms.  Derived spatial resolutions 
should approach ~10 m with cm-scale accuracies in heights.  Such an instrument would provide 
simultaneous measurements of inundated area and water elevations, which through multi-
temporal sampling would provide volumetric measurements of storage changes. 
 The global observations possible from such platforms will have important implications 
for global water cycle research.  Wetlands cover at least 4% of the Earth’s land surface [Prigent 
et al., 2001] and up to 20% of humid basins such as the Amazon, but are represented poorly or 
not at all in most global water cycle models.  These models also mostly ignore the effects of 
water management on the redistribution of water over much of the populated part of the globe.  
The need for better information about the global distribution of surface water resources is 
particularly acute given pressures of population growth and uneven distribution of water supplies 
[e.g., Vörösmarty et al., 2000].  This is at a time when concerns about changing weather and 
climate, and in particular the potential for acceleration of the hydrologic cycle due to greenhouse 
gas emissions, has heightened [e.g., Ohmura and Wild, 2002]. 
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the spindle in the stem cells appears to be
set up early during interphase, because the
single centrosome present shortly after cell
division is already found consistently local-
ized to a cortical region of the stem cell
next to the hub. Upon duplication, one cen-
trosome remains at the hub while the other
migrates to the opposite side of the cell to
set up the mitotic spindle. This is in contrast
to all other well-studied examples of orient-
ed cell division. Such examples include di-
vision of another type of Drosophila stem
cell, the neuroblast, and the first divisions
of the Caenorhabditis elegans embryo—
here, the spindle is formed before it rotates
90° into its final position during mitosis
(see the figure) (5). The Yamashita et al.
findings in Drosophila germline stem cells
suggest a new mechanism of asymmetric
cell division.

Germline stem cells in Drosophila
testes that carry a mutation in centrosomin,
an integral centrosome component, provide
clues as to how the spindle-positioning
mechanism may operate. These mutant
stem cells display defects in positioning of
the centrosomes during interphase, and the
resultant mitotic spindles are often misori-
ented. This is consistent with a direct role
for the centrosomes in setting up the divi-
sion plane, as suggested by the early local-
ization of the centrosomes during inter-
phase. Strikingly, the number of stem cells
in the testes of the centrosomin mutant
flies increases significantly. These stem
cells become crowded around the hub, pre-
sumably because of the symmetric divi-
sions of stem cells that have misoriented
spindles. It thus appears that in Drosophila

testes, the balance between stem cell self-
renewal and differentiation is not dictated
entirely by the amount of available space in
the niche; rather, this balance is influenced
directly by the orientation of stem cell divi-
sion. The authors observe a similar misori-
entation of mitotic spindles and increase in
stem cell number in flies with mutations in
the Drosophila homologs of the mam-
malian adenomatous polyposis coli (APC)
tumor suppressor protein, which has been
implicated in spindle orientation and cell
adhesion (6, 7). Because these fly APC
proteins are enriched at the cell cortex and
at the centrosome during cell division, the
authors propose that they may play a struc-
tural role in linking the centrosome to the
cell adhesion molecule E-cadherin, which
they find enriched at the stem cell–hub in-
terface. APC is also an integral component
of the Wnt signaling pathway, which par-
ticipates in the regulation of stem cell divi-
sion (8, 9). It will be interesting to deter-
mine whether Wnt signaling is important
for stem cell division in the testis, con-
tributing to the phenotypes observed in the
APC mutant flies.

The study by Yamashita et al. raises a
number of intriguing questions for further
investigation. Although the authors do not
observe symmetric divisions in wild-type
Drosophila male germline stem cells, can
such divisions take place and replenish a
niche depleted of stem cells, as found in
the Drosophila ovary (10)? How is the spe-
cialized cortical region recognized by the
centrosome established? The authors sug-
gest that homotypic interactions between
cadherins at the germ cell–hub interface

may be involved. If this is indeed the case,
something must be preventing these inter-
actions at interfaces between the germ cells
and the somatic cyst cells that flank them.
Given that after centrosome separation on-
ly one centrosome migrates away to the op-
posite cortex, how are the differences be-
tween the two centrosomes established and
recognized? A recent study suggests that
the mother and daughter centriole differ
substantially in the degree to which they
associate with microtubules and move
within the cell (11). Such a mechanism
might be used to differentiate between the
duplicated centrioles in the Drosophila
germline stem cells. It will be interesting to
determine whether the centrosome differ-
ences observed are further exploited by
testis stem cells to deliver cell fate infor-
mation to the daughter cells (12). The
Yamashita et al. study points to previously
unappreciated mechanisms within stem
cells that orient their divisions. Together
with external cues, these mechanisms reg-
ulate the balance between stem cell self-re-
newal and differentiation.
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F
resh water is a basic requirement for
terrestrial life, yet knowledge of
changes in the volume of water stored

and flowing in rivers, lakes, and wetlands
is poor. Recent developments in satellite
remote sensing promise more accurate
monitoring of freshwater resources and
better prediction of floods and droughts.

Stream flow is traditionally estimated by
measuring the water level and converting it
to river discharge using an empirical rela-

tionship of level versus discharge. Similarly,
water level in lakes and reservoirs is con-
verted to storage volume via level-volume
relationships. Gauge measurements have
helped to quantify flow in river channels.
However, the gauging networks used for the
level measurements are in decline globally,
and gauges are particularly sparse outside of
industrialized regions (1).

Furthermore, estimates of the amount
of surface water leaving a drainage basin
assume that all the runoff generated up-
stream flows past a single downstream
point. This is often not the case: Many riv-
er basins are marked by extensive wetlands
and floodplains in which flow is diffuse
and not flowing in a channel (see the first
figure). Braided rivers are also problemat-

ic because their multiple, intertwined chan-
nels are constantly shifting, resulting in
new channels with ungauged flows. Costs
and logistics prohibit the installation of nu-
merous gauges to characterize the flow dy-
namics in these environments.

Without comprehensive measurements
of surface water storage and discharge, the
availability of freshwater resources cannot
be predicted with confidence. The per-
formance of climate models with respect to
land surface hydrology also cannot be eval-
uated. Comparison of model-derived flows
with observations typically shows large
modeling errors, sometimes greater than
100% (2). Such comparisons are only pos-
sible where there are stream gauges to ver-
ify discharge. Yet, in many areas—includ-
ing much of Africa and the Arctic—surface
water flow is not measured (1).

Knowledge of flow through nonchan-
neled environments such as wetlands and
floodplains is particularly poor. Wetlands
cover at least 4% of Earth’s land surface (3)
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and up to 20% of humid basins such as the
Amazon, but are represented poorly or not
at all in most global climate models. In ad-
dition, these models generally ignore the
effects of water management on the redis-
tribution of water over much of the popu-
lated part of the globe.

The need for better knowledge of the
global distribution of surface water re-
sources is particularly acute, given popula-
tion growth and the uneven distribution of
water supplies (4). Furthermore, changing
weather and climate may accelerate the hy-
drologic cycle, with unknown effects on
freshwater resources (5).

Satellite measurements may enable hy-
drologists to move beyond the point-based
observations provided by gauge networks
to basin-wide measurements of
discharge and storage. For ex-
ample, areas inundated by flood-
waters have been measured with
Landsat imagery (6). However,
clouds and vegetation can easily
mask the underlying water, a
problem that is common to all
systems operating in the visible
spectrum (see the first figure).
Microwave radar [such as syn-
thetic aperture radar (SAR)]
overcomes this problem by pen-
etrating clouds and canopy (7).

Remotely measuring surface
water area is much easier than
monitoring changes in the water
volume over space and time.
There are three different satel-
lite-based approaches to calcu-
lating volume changes. The
most straightforward method is
to simultaneously measure water
surface area and elevation; from
a series of such maps, one can

then calculate the
volume gained or
lost. A first step 
toward such meas-
urements has come
from radar altime-
ters, which were ori-
ginally designed for
use over the open
ocean or ice sheets
(see the second fig-
ure) (8).

Altimeters meas-
ure the elevation of
the water surface rel-
ative to a reference
ellipsoid. Over the
ocean surface, the el-
evation accuracy is
on the order of a few
centimeters, but two
factors reduce the ac-

curacy to tens of centimeters over terrestri-
al water bodies. First, terrestrial water bod-
ies do not provide a sufficiently large sur-
face area for averaging the multiple radar
pulses used in ocean applications. Second,
the shape of the returned radar pulse from
the water surface deviates from the shape
of a typical ocean-like echo. Today’s al-
timeters provide only an elevation profile,
yet ideal future instruments would also in-
clude area. Radar altimetry has been used
to measure river surface slopes (8), which
should be related to velocity and hence dis-
charge.

A second approach provides simultane-
ous measurements of water surface area
and elevation change to yield temporal
variations in water storage. A first step to-

ward such simultaneous imaging has re-
cently come from interferometric SAR (9).
This method is commonly used to generate
maps of seismic deformation and glacial
flow. Because water is highly reflective,
microwave pulses from off-nadir imaging
SARs reflect away from the SAR antennae,
unless intercepted by vegetation. Thus,
subtle height fluctuations across a flood-
plain’s water surface can be mapped inter-
ferometrically with centimeter-scale accu-
racy. Such accuracy is required for under-
standing flow volumes across lowland
floodplains. For example, an elevation
change of only a few centimeters in the
Amazon can be equivalent to flows greater
than the average discharge of the
Mississippi River.

Instead of directly measuring spatial
and height changes of a water surface, one
may also measure the change in mass re-
sulting from volumetric gains or losses in
terrestrial water. Starting in 2004, the
Gravity Recovery and Climate Experiment
(GRACE) satellites will provide monthly
global measurements of Earth’s gravity
field (10). On this time scale, most gravita-
tional variations over the land surface re-
sult from mass changes in the total water
column (11, 12). The column total is the
sum of atmospheric, surface, soil, and
ground water volumes. However, because a
mass’s gravity field decreases rapidly with
observing distance, GRACE is only sensi-
tive to basins greater than about 200,000
km2 (11, 12).

By themselves, none of these technolo-
gies supply the water volume measure-
ments needed to accurately model the wa-
ter cycle and to guide water management

(13). However, they provide a
conceptual framework for a sur-
face water satellite mission that
could provide the required in-
formation.

Such a mission—assuming
that it passes careful model-
based evaluation—would need
to have the following attributes:
(i) sufficient spatial resolution
(~100 m) to resolve channels,
floodplains, and lakes contribut-
ing most of a basin’s discharge;
(ii) sufficient temporal resolu-
tion (a few days) to capture
short flood events; and (iii) suf-
ficient vertical resolution (a few
centimeters) to measure subtle
height changes responsible for
significant discharge. Surface
velocities might be helpful, but
surface slope could be used as a
surrogate, especially because
surface velocity observations
are often corrupted by wind ef-C
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The Amazon floodplain near Manaus, Brazil. Nearly 100% of the area

is inundated, despite the lack of visible open water. Furthermore, much of

the flow occurs outside the channel (photo center), making a single gauge

nearly useless for measuring discharge.A series of water surface elevation

maps would show how the volume of stored water changes with time.

Relative elevations of the Amazon River near Manaus (8). The

TOPEX/POSEIDON radar altimetry measurements (triangles) agree close-

ly with stream gauge observations (solid line). Spaceborne measurements

are particularly valuable when gauge data are no longer available (for ex-

ample, after 1997).

P E R S P E C T I V E S

www.sciencemag.org SCIENCE VOL 301 12 SEPTEMBER 2003



1494

fects. In effect, the mission would be a
topographic imager that would yield a wa-
ter map of volumetric gain or loss after
each overpass (14).

Such a satellite mission would enable
hydrologists to move beyond the point-
based gauging methods of the past century
to measurements of the spatial variability
inherent in surface water hydrology. Global
coverage would ensure that, despite local
economic and logistic problems, all coun-
tries could access measurements critical for
forecasting floods and droughts, both of
which have dramatic economic and human
impacts.
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I
n the next few decades, advances in
communications will radically change
the way we live and work. The concept

of “going to work” will change from com-
muting to a particular place to get things
done, to “getting things done” no matter
where you are. Life at home will also
change radically as communications be-
tween individuals become multimodal (us-
ing voice, visual, and tactile modes) and
multimedia (with sharing of text, data, au-
dio, images, video, and other forms of in-
formation). For example, you will be able
to control virtually any device in the
home—such as the family home entertain-
ment center—by pointing to it with your
finger and issuing voice commands such as
“find me a good classical music station.”

The driving force for these changes is
the seamless integration of real-time com-
munications (voice, audio, video, virtual
reality) and data (text, images, files) into a
single network that can be accessed any-
where, anytime, and by a wide range of de-
vices. Speech and language processing
plays a crucial role in this network by en-
abling enhanced services and providing
seamless access to new services (1).

Traditional speech and audio coding
and compression will remain important
even as bandwidth increases dramatically
to the home, to the office, and in wireless
environments. The need for high-quality,
low-delay streaming of voice, CD-quality
audio, and HDTV-quality video is a driving
force for advanced coding research.
Advanced coding and compression tech-
nologies enable networks to provide high

signal quality at low delays without requir-
ing excessive network resources.

Speech and language processing is also
crucial for seamless user access to new and
advanced services. As communication de-
vices become ever smaller, the ability to
provide and use keyboards and pointing de-
vices (such as the mouse) becomes limited
and problematic, and voice access to servic-
es becomes an essential component of the
user interface. To access services on such
devices, we will increasingly rely on speech
recognition and speech understanding to
command and control machines, and on
speech synthesis to respond back to the user.

A third opportunity for speech process-
ing is in user authentication. Speaker veri-
fication technology is a convenient and ac-
curate method for authenticating the
claimed identity of a user for access to se-
cure or restricted services. It has the poten-
tial to be much more robust and reliable
than conventional log-ons and passwords.

Finally, the opportunities for speech and
language processing in services and opera-
tions are almost limitless. Voice commands
may be used to access movie schedules or
airline schedules or to add new people to a
teleconference, whereas text-to-speech
synthesis can be used to convert a text mes-
sage to a voice message. At help desks or
in customer care, voice processing can act
as a surrogate for an attendant or an opera-
tor in handling routine transactions.

The speech dialog circle (see the figure)
illustrates the speech-processing technolo-
gy that enables voice conversations be-
tween humans and machines. Its major el-
ements are speech recognition, spoken-lan-
guage understanding, dialog management,
and text-to-speech synthesis. In addition to
these basic speech-processing technolo-

gies, two other key technologies, speech
coding and speaker verification, are used
in multimedia communications.

Speech Coding
Speech coding has existed for more than
60 years, beginning with the classic work
of Dudley on the “vocoder” (2). The origi-
nal goal of speech coding was to provide a
compression technology that would enable
existing copper wires to handle the contin-
ual growth in voice traffic without having
to continuously add new lines. Recently,
the need for speech coding has grown be-
cause of the rapid growth in wireless sys-
tems and in the transmission of voice sig-
nals over data networks, where speech is
just one (very important) data type.

The goal of speech coding (3) is to
compress the speech signal—that is, to re-
duce the bit rate necessary to accurately
represent the speech signal—without dis-
torting it excessively. Two main techniques
have been used in speech coding. Wave-
form coding tries to match waveform char-
acteristics directly, whereas model-based
coding tries to match spectral and source-
excitation characteristics of speech.

Today, speech can be coded down to bit
rates of about 8000 bps, with intelligibili-
ty and quality approaching that of tele-
phone-bandwidth speech (which has a bit
rate of about 64,000 bps). The challenge
for the next few years is to lower the bit
rate by a factor of 2 without seriously low-
ering the quality of the resulting speech.
Achieving this goal requires improved sig-
nal processing for accurately representing
the excitation source and the short-time
spectrum properties of the time-varying
speech signal.

Text-to-Speech Synthesis
Text-to-speech synthesis aims to convert
an ordinary text message into an intelligi-
ble, natural-sounding speech utterance,
thus giving machines the ability to “speak”
(4, 5). Two approaches have been proposed
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often in error by 50%, and even 100% 
mismatches with observations were not
uncommon. Coe [2000] found similar results
for many of the world’s large river basins.

Hydrologists recognize the great potential of
this constraint; and such research is underway,
but is limited to historical periods, and by the
absence of consistent observation records of
river discharge globally. So,although global
Earth system models continue to improve
through incorporation of better soils,topography,
and land-use land cover maps, these models
are now becoming limited as a consequence
of the decline in observations of discharge
and water storage. Thus, as NASA and other
space agencies develop missions for global
observations of critical hydrologic parameters
such as soil moisture (e.g., Hydros) and pre-
cipitation (e.g., Global Precipitation Measure-
ment mission, GPM), the lack of concomitant
measurements of runoff and surface water
storage at compatible spatial and temporal
scales may well result in inconsistent parame-
terizations of global hydrologic, weather, and
climate models.

Global observations of wetland, lake,and river
hydrology also provide the scientific under-
pinnings for our comprehension of land surface
hydrological processes. For the past ~100
years, our understanding of the hydraulic
characteristics and hydrologic mass-balances
of surface water runoff have largely been
derived from discharge measurements at in-
channel gauging stations. Measurement of in-
channel discharge unfortunately does not
provide the information necessary for under-
standing flow and storage in off-river-channel
environments, such as wetlands, floodplains,
and anabranches (e.g., braided channels).
These environments are increasingly recognized
for their important roles in biogeochemical
cycling of waterborne constituents, and in
trace gas exchange with the atmosphere. Wet-
lands and surface water cover at least ~4% of
the Earth’s landmass [Prigent et al., 2001], yet
these environments are disproportionately
important in global budgets of atmospheric
carbon dioxide and methane [Richey et al.,
2002].

For example,the mean annual area of flooded
wetlands in the central Amazon Basin is 250,000
km22 [Richey et al., 2002], which, extrapolated
to all of the tropical lowlands of South America,
is estimated at 0.73 million km22, or 14% of the
total land lying below an elevation of 500 m.
Most of this area is floodplain that is hydrolog-
ically connected to the major rivers. Rather
than fixed station measurements, remote sens-
ing offers the only practical way to determine
the spatial and temporal patterns of inunda-
tion and water storage of these areas (e.g.,
Figure 1).

In addition to the scientific interests and
challenges that could be addressed by global
remote sensing of surface water storage and
discharge, there are important practical impli-
cations as well. For instance, Vörösmarty et al.
[2000] describe the global societal effects
from increasing demands for fresh water.
These demands will place a premium on better
management of water resources, especially in

parts of the world where surface networks 
are sparse or non-existent. There are related
national security issues associated with the
management of water in parts of the world
where information about surface water is
unavailable. Furthermore, with population
growth and economic expansion, society is
increasingly at risk from potentially more
severe water-related extremes in weather,
which include not only flooding, but drought
as well [van der Wink et al., 1998].

How Can Satellite-based Observations
Answer These Questions?

There are great opportunities on the horizon
for answering these questions. For example,
members of our working group have utilized

various satellite data sets to derive braided
river discharge [Smith et al., 1996], river and
lake water heights [Birkett, 1998], and flood-
plain storage changes [Alsdorf et al., 2000].
Although none of these approaches is ideal,
in part because they all rely on instruments
and platforms designed for other purposes,
we believe the advances based on this research
provide direction for instrument improvements.

For example, at our most recent meeting in
November 2002, two working group members
(Ernesto Rodriguez and Yunjin Kim of JPL)
sketched out a small, cost-effective interfero-
metric SAR that may be able to provide meas-
urements of water heights and flow velocities.
Other instruments, such as lidar systems, also
need investigation. A set of stream and lake
targets at which ICESat’s GLAS observations

Fig.2. Lena River and delta, Siberia. This 500 km x 650 km MODIS image from June 2002 illus-
trates a small portion of the vast, seasonally snow-covered Arctic area available for snowmelt
runoff, and the difficulty in using optical wavelengths to image or profile beneath clouds (note
the disappearance of the Lena beneath the clouds). Unfortunately, the number of upstream,with-
in-basin gauges is severely limited to non-existent; thus, climate model predictions for much of
Siberia are poorly constrained. (MODIS image from visibleearth.nasa.gov).



Modern magnetospheric physics owes its
initial development to two great pioneers:
Sydney Chapman and Hannes Alfvén (Figure 1),
who took very different and contrasting
approaches to their research activities.This
caused one of the most memorable controver-
sies in space physics during the 20th century.

The controversy was initiated formally by
Alfvén [1951] when he criticized a paper by 
D.F. Martyn entitled,“The Theory of Magnetic
Storms and Auroras,”published in Nature in
1951.Alfvén stated:“Dr. Martyn’s treatment is
founded on Chapman-Ferraro’s theory of mag-
netic storms. It is not my intention to review
here the objections to this theory, objections
which I believe to be fatal—nor is it worthwhile
to discuss the curious super structure which
Dr.Martyn tried to erect on this weak ground.”
Alfvén’s objections will be described after
briefly providing the background on which 
the Chapman-Ferraro theory was constructed.
It may be mentioned at the outset that Chap-
man, together with T.G. Cowling,was well recog-
nized by his publication of a classical treatise,
“The Mathematical Theory of Non-Uniform
Gases”in 1953; and also,with J.Bartels, of “Geo-
magnetism”in 1940, while Alfvén established
himself by the publication of an inspirational
book,“Cosmical Electrodynamics”in 1950.

Chapman published one of his first papers
on magnetic storms under the title,“An
Outline of a Theory of Magnetic Storms” in
1918. Recollecting about it in 1967, he stated,“I
certainly misnamed this paper in calling it ‘An
Outline of a Theory of Magnetic Storms.’The
observational part was useful, the theory was
quite phony....” The observational part put the
foundation on the present morphology of mag-
netic storms; terms such as Dst and DS were
introduced. In this theory,he assumed a stream
of ions or electrons from the Sun, which was
supposed to cause atmospheric motions after
entering there. His paper was immediately crit-
icized by F.A. Lindeman who pointed out that
a stream of ions or electrons will be dispersed
laterally into space by their electrostatic force
before reaching Earth. However, he suggested
that the stream should consist of an equal
number of ions and electrons.Such a gas is
now called plasma.

Chapman took Lindeman’s suggestion seri-
ously,and he and his graduate student,Vincenzo
Ferraro, formulated their problem in terms of
the interaction between superconducting dia-
magnetic plasma and a magnetic dipole;
Chapman and Ferraro [1931] derived an equa-
tion similar to the Debye length,a measure of
the shielding distance of plasma cloud, and
confirmed that the stream must be treated as
plasma in dealing with the interaction with
the Earth’s magnetic field,as we define it today.
Their theory provided a sort of skeleton con-

figuration of the magnetosphere. Because the
electrostatic force among ions and electrons
in the stream is such a fundamental point in
dealing with the solar wind, Chapman could
not accept any theory that was not explicitly
treating the solar wind as plasma.

In 1939 and 1940,Alfvén published his theory
of magnetic storms. In his theory, both ions
and electrons drift in the interplanetary mag-
netic field BB with velocity VV (VV = EE x BB/B22,
where EE denotes electric field).They have 
different drift paths near Earth (Figure 2) and,
as a result, electrical discharge between the
dawn and dusk occurs along the geomagnetic
field lines.This situation may resemble the
motions of ions and electrons toward Earth
from the plasma sheet; ions tend to drift
toward the dusk sector, while electrons tend
to drift toward the dawn sector. Chapman
refused to entertain Alfvén’s theory on the
basis that ions and electrons have semi-inde-
pendent drift paths.

In responding to Alfvén’s criticism in 1951,
Chapman [1951] commented:“A theorist in
such a field must select what he considers the
initial bases as accurately as possible; and
then develop it from these premises as accu-
rately as possible...”

Alfvén’s criticism of the Chapman-Ferraro
theory consists of two parts and is better
expressed in his later publications. Alfvén
[1975] expressed the first part by stating:
“The first approach to magnetospheric theory
was based on a mathematically elegant
formulism which, however, was highly
idealized and derived without contact with
experiments. It led to the Chapman-Ferraro
theory....”He went on to say that Chapman-
Ferraro plasma is vastly different from the real
plasma, which exhibits plasma oscillations,
double layers and others,and thus the transfer

(Ice, Cloud and land Elevation Satellite, Geo-
science Laser Altimeter System) will be col-
lected during a test period in mid-2003 will
provide preliminary observations for analyses.

In summary,a global,systematically collected
data set of fresh water storage changes and
discharge is required to answer these presently
open hydrologic questions. Although gauging
networks provide valuable measurements of
channelized environments,only satellite-based
measurements, can provide hydrologic meas-
urements over the Earth’s vast wetlands where
diffusive flow conditions prevail.

Future directions for the working group are
focused on modeling the spatial and temporal
limits of these much-needed hydrologic meas-
urements,and determining the technologies
capable of meeting these requirements. We
strongly encourage anyone interested in these
problems to participate in our working group.
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