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Assessing Nonpoint Source Pollution

in the Vadose Zone

Sustanable agneulture s viewed as the
anii viable means of meeting the fo0d de
mands of the world s projected populaion ol
T budiiar by the vear 2050, Sustainable agn-
culivte 1s predicated on a dehcaie balance of
maxImzing crop productiviy and maintain-
ng economic stabilin while mimimizimg the
use of [inite natural resources and avoiding
the detnmenial emaronmental impacts of as
socrated nonpomn! source (NPS3 pollutants.
KPS pollutanis include pesticides. lentilizers.
race clements. sslls. sediments. eic.. and are
Known 10 be C2ICin0genic, mutagenic, or
teratogenic. NPS pollutants threaten sustaim-
ety agriculiure and are recognized as the sin-
reatest Ihreat 1o surface and subsurface
10 WaleT FEsOUICes.

Against this backdrop scientists mel lo ad-
dress the apphcanon of advanced nlorma-
wthnalogies to NPS pollution w soil at
%7 Joint AGL Chapman/S55A Qutreach
Conference “Apphcation of GIS. Remote
1g, Geostatistics. and Sotute Transpon
\i.\a( hing 10 he Assessment of honpoint
Saorce Poltuiants in the Vadose Zone.” The
& of the conlerence was to explore
ciphnan approaches [or assessing
nits 10 the unsaturated region from
Hace i the groundwater 1able
» The conlerence provided a fo-
ale mleraction belween the sub-

phac mformation systems

Le lranspan modeling (o ene
el and evaivation ol

o e [EBSUTEMENt, invenlory,
P potiution in soif and

v answered two questions re-
NP poliunon vulnerabiliny
“aangy What 1s currently possi-
w o7 the horizon® Perhaps the
a8 ereatest technolomical advance
iy et assessing APS polivion 1n
the vadus: 2one will e the abiigy 1o perform
rogistaiay i sERHEHONS Wil o svsiem that
miegrates O fsie ranspor modeling. pe
dutsatader func s, newral netwoerks. and
stimaling snd/or measur-
INE Irarsion properties geostatishics lor char-
aclenzimg varabun stmclures and spatiat
interpaiaton lezs settheany lor handhing
data spanal and lempo-
iv arahsis o aliow
it the rehatli of

Conference Agenda

One hundred and two scientists lrom nine
countnes panticipaied during the 4-1/2 day
conference and presented a tatal of & key
nole papers, 22 invited papers. and 31 volun-
teered papers. The papers covered GPS. GIS.
spalial statistics. remote sensing. solute trans-
port modeling. acural nerworks. transler func-
tions, fuzzy logic, scale and scaling. and
uncenainhy analvsis as these pertam Lo assess-
ing NP5 poliution in Ihe vadose zone,

A kevnole address concerning the role of
environmental modeting in the decision-mak-
ing process kicked off the conlerence. Even
though policy-makers and environmental
modelers are converging. the policy
process is pecessanih about politics. Models
used in that realm are most likely to be ap-
phed as polnical weapons. not as unbiased
tools The notion that science and technal-
ogy will mitigate emvironmenial probiems on
a "truth wins™ basis is probably illusionary.
Subsequent keynote addresses deall with the
advanced inlormation lechnologies needed
10 assess NPS pollutants in the vadose zone,
inciudimg (1) cument and future rends in the
deveiopment of rnlegraled GiS methodole
gies and data-capturing technologies: (2} the
virtues of an inlegrated analvsis of both
vadose zone and groundwater processesto
address aquiter vulnerability by applving geo-
momhologicat modeting and hydrostrati
graphic structure Lo account for the spatjal
variability of fiow within and below the
vadose zone: (3) stochastic modeting of NPS
potutanis inthe vadase 2one al regionat
scales as being the most viable solule trans.
portapproach because exiensive spatiat van-
abilinn of warer flow and solule transpon
propemes make deterministic modehng un-
{easible at this scale. necessitating some form
of approximale stochaslic approach using a
local model represeniation that extrapokales
trom bmited sample data, 743 the rofe of spa-
iotemparal slausticat modelng, and (5] gen-
eral and specific appheations of remote
sensing and nonifvasive techmques.

Perhaps the most controversial. thoughtpro-
voking presentation was 3 kevnole papel
aboul scaiing spatial prediciabiiin by
Philippe Baveve which stabbed directly a1
the hean of disinbuled parameter modeling,
and thereby the use of GiS as a viable ap-
proach iar assessing NP3 pollutants. Ananal-
ogy was drawn between the present state of
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W Seprember 10-14 190 Sclence Editing
and loformetion Management-A Jolot
Meeting of the Associstion of Earth Sclence
Edliors (AESE)/Councl] of Biology £dliors
(CBE)/Eurnpean Association of Sclence
Edlters (EASE) Weshington D.C.U.SA Spon-
sors. AESE. UBE. EASE athers (L Zirkel. ¢f¢
AGL. 2000 Florida Avenue MW Washingion. DC
20003 USA Tel +1-707-4626910 exr 378, Fax +}-
202-325-056¢. E-mail edinfolS@kesmos agu org
Web Site. hiip.ifeanh.agu orgfednonnio®s )

Thas imegrated meenng will explore how 1o
d2y s econoim and lechnology ellect how data
are being created and synthesized 1nlo pubkish-
ed resulls. Science edito ranans e
searchers and managers wilt iearn aboui the
challenges and successes of produclion. manage
ment. and the use of screniihc information in an
increasingly wired world Techaical talks. panet
discussrons, demanstralions posters and work-
shaps wili provide 2 farum lor discussing the
crincal issues and questions acing editors ang
managers of scientihic inlormation Topics in-
<lude elecuonic peblishing ethics inteliecival
propemy anformaion reineval archnang. and pres
ervation. economics of publistang science com
murication and edinor education Pieid Inps are
offered in and around (he Washington. D.C. area

Abstracis will continue 1o be consdered by
the Program Committes as the sessions are being
developed

B Ociober 26=29. 1998 The Geological
Soclety of Americe 1998 Anouel Meeting
Toronta. CANADA Sponsoris) The Geological
Socien of America (GSA Mectings Depariment
PO Box 9140, Boulder CO 80301 Tol <1303
4472020, Fax +1-30344 70048 £.ma2il meehngs@
geasociety.org Web Sute. htip flwwon geosocien
org’

Abstract deadling 35 Julv 13 This meeting
will locys on the theme "Assembl of 3 Cotins.
nent * ltwill include regional, siruciurel lec
tomic. and stratgraphically related topses Howill
alsa discuss such diverse subjects in anthropol
ogy hwdiolagy educabon geochemisin Guater
Aan enuranmental stadres. potrolog . and
mineralom Thireen: held tnps have been pro-
posed covenng hvdrogeology the Grenville, st
nigraphy. atchaeology | and history in the Great
Lakes Region

knowledge of modeling NPS poliuticn and
the development of thermodinamic gas faws
from physical theories of particle dynamcs
The analogy caused pause for thought, De-
spite the mability of Newton's lundamental
equations ol a particie in motion to predici in-
dividual motions ol gas particies in a con-
tainer. anindependent line of theory led to
the jormulation of the thermodynamic gas
laws. Thus. despile the inabilin te predsct
larger scale behavior from smalier scale con-
ceptual understandings. there are coarser
scake. simpler descriptions that aliow accu-
rale prediclion of the average behavior of the
syslem. Analogously, scieniists may be study-
ing NP5 pollution al & level of understanding
and delail dictated by measuremenl instru-
ments, such as retnote sensing. and infarma-
tion lechneiogy tools such as OIS rather than
ata level dictaled by the appropriale concep-
tual framewaork

Furthermore, the lundamental unit for tang-
scape sludy 15 often specified as a catchment
or a walershed, or even more arbitranly by
survey or geopolitical boundaries (thal is.
quarter section lines or water district bounda-

ies}. without knowing if these units are mean-

ihgful or whether Lhey are the apprapriate
sevels of aggregation for subsurface sotute
transpon. It may be that policy-makers are
asking scientists to predict at a fevel of detail
somelhing thal is inherently unprediciable
This suggests the need for exploration of the
scales, or ranges of scales. at which the dy-
namics of processes ate drasticaily simplihed
The inviled presentations were inlended 1o
be more parochial than the keynote presents-
tions by focusing on specilic issues concemn-
ing Lhe assessrnenl of NPS pollutants in the
vadose zone, An integrated Earth science/
economics-based approach provided an esti-
male of the societal vatue of informalion lor
assessing NPS pollution. From a transpon
modeling perspective, the multiscale eflects
ol mass transler processes on conlaminant
transport at a watershed scale were exam-
ined and the uncernainlies arising when local
scale processes are upscaled 1o a walershed

were quantified. The difl:culty of validatng
models for large regions was aiributed 1o the
chalienging issues of model structure. non-
linearily, complexity. spatial and iemporat
variability, and scale transthon errors that
make il dillicull to delect ermors 1n model strue-
ture and paramelenization over large regions
The single grealest chalienge 1o modehng
and assessing NP5 polluiants is oblaining suf-
ficient spatial and lemporal dala. Yiable est-
mal:on and parameterization approaches
inciude appiving anificial neural networks
and the group melhod of dara handting of ge-
veloping pedo-transier lunctions {PT¥s), and
the utilizalion of similar media scaling and
canditicnai simulations with sell dat to para-
melerize ffow and trenspon models. Remoie
sensing and noninvasive techniques are ¢y
<ial lor providing direct or indect surface
and subsutiace hydrologic measurements
The denvation of soit hydrauh¢ propertes in
the vadose zone from remote sensing and the
spatial dehineation ol actual and retative eva-
potranspiration from remote sensing snstru-
mentalion and energy balance equations
remain as areas of currenl and {uture study.
The ability to delineale and quantify spatial
variabilin: is a key 1o appiving GIS 1o modet
NP3S poliutants. Spatiat variability can be in-
comaorated into existing soils dalabases by 5
timaling spalial dependence lrom exisiing
data. applying robust staustical methods
such as bootstrapping, apphying remotely
sensed data, and taking more samples based
on current information. Fuzzy logic and mler-
ence techmgues denve accurate and de
tailed soil spatiaf information, allowing the
realistic ¢haracterization of the jo1nl spatial
distribution of andscape parameters [or dis-
tributed madeting 8! the walershed scale
The applicanon of fractals a5 a pnman
modetl [or the distribution of soil properies
and modehng sobute tanspon i parous me-
dia was illustraled with compelling evidence
provided for the vtility of this approach.
tany of the volunteered papers focused
on integrated information lechnolog
Pollution {cont. on page 220)
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BOOK REVIEWS

Geomorphology—A Systematic Analysis

of Late Cenozoic Landforms, 3rd Edition

Arhyr L Bloom, Prentice-Hail, Upper Saddle
River, N3, xi +482 pp.. ISBN 0135054965,
1993, $90.

Geomorphology is the study of how land-
scapes lorm. This deceptively simple descrip-
tion encompasses 2 branch of geoscience
thal is teeming with fundamental guestions of
how landscapes develop similar or different
morphologies. and whether their develop-
ments can be explained historically or modeled
theoretically, Geomorphology ala involves the
surlace processes thal inexorably convert rack
into sediment, Becavse the study ol either
landiorms ot landsculpting is linked to active
processes commonly occurting on human
timescales, it might be fair to classify geomor.
phologists as the exislentiaiists of geology.

The book's opening statement, “Lei the hip
begin.” introduces a very well written com-
pendium of ideas and commentary covering
the dynamic lield of geomorphology. Pre-
sented in 20 chapters, this well-balanced, fact-
filled, informative. and interesting volume
covers the fundamentals of geomorphology,
Cenozoic climate and leclonics: constnec-
ticnal landlorns; ercsional tandforms: glacia
tion: and coastal geomorphology.

Bloom methodically presents background
material and develops an understanding of
the science of geomorphology through care
lulfy selected discussions. Sequentially buid-
ing on eatier concepls, the book moves
\hrough 1he subjects of climatic and tecionie
landforms, opting lor 2 separate chapleron
volcanic land lorms, Each chapter is parl es
say and part review, The chapters not only re-
view the literature that has added to our
understanding ol a particular landform or
process bul also discuss ideas that have
iumed outto be “wrong.”

Discussion of those "wrang™ ideas s as im-
portant as the vatid ones in developing ana-
{ytical abilities. In otherinstances. the book
hightights competing explanations lor a sin-
gie phenomenon. Relerences al the end ol

each chapter are valuable departure points
lor further reading.

Both the breadth and depth of Ihe coverage
are truly remarkable or a lield that in prac.
lice represents many subdisciplines. Despite
the [zci that the book is intended for students
with only basic geology prerequisites. it pro-
vides truly insightiul, sophisticated, and
thoughtful analyses that point out ¢ritical ele-
ments of a study or topic. Thought provoking
discussions appear on aeardy every page, The
aulhor has a knack for inmediately recogniz.
ing ¢ritical elements of a subject and locus
ing on them. The chaprer on Late Quaternary
climatic geomatphology, which reviews cli-
thate proxy data and the landlorms that have
resulted from past climates, is particutarly
uselul, and in some ways, makes this book
unigue as a modem geomomhology lexl.

Several weaknesses detraci slightly fromn the
book. Although acknowledging the impor-
tance of remolely sensed images, and in fact
using them throughout the book. Bloom does
aot explain what the images represent and
hiow they diller from ordinary optical photo-
graphs. Typographical errors are enceun-
tered as eatly asin the Table of Contenls.
iHiustrations and photegraphs are generally
black and white and their quaiity is highly
variable. Fourieen ¢olor plates are included
in the cenler of the book, but why these par-
ticular plates were selected is difficultto
ascerlain. Equations, where used. aze pre-
sented in a way that unfoniunately inhibits.
rather than promotes, a deeper under-
standing ol the topic.

Students who read this bock will certainly
benelit from an excellent survey of geamaor-
phelogy provided by one of the tield's most
engaging wiiters. For professional geomaor-
phelogists. the book represents a wonderiul
cotlection ol essays constituting an authanita-
tive retrospective of the field ~Larry Mayer,
Geology Depeniment, Miami University,
Oxford, Ohifo. USA
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Plate Tectonics and
Crustal Evolution

KC. Condie. Bulterworth/Heinemann, UK 282
pp. SBN 0750643862 1992, 44086

Eversince plate tectonics revalutionized
Earth science. university courses presenling
Earth processes in the [ramewark of piate tec-
1onics have become as plentiful as earth-
quakes. Consequently. this segment of the
textbook market, which includes poputar
classroom classics such as Keary and Viae's
Ciobal Tecronics, is heavily contested. Con-
die’s book attempts to secure a portion of the
pie by targeting advanced undergraduales,
graduate sludents. and specialists "who want
to keep abreas! of scientific advancesin this
field,” as slaled in the preface.

Condie covers many topics, including the
geology. atmosphere, and climate of Earth
and planetary evolation. The book’s tille~
Piare Tectonics (big and bold} and Crusta!
Evolution {(saveral lont sizes smallery—sug-
gests 3 thorough and timely review of plate
tectonics asthe main course on the menu.
However, plate tectonics tumns out o be
merely an appelizer. and copious inaccura-
cies and omissions wil{ likely ieave an under-
graduate studenl in astate of confusion.

Condie had o make careful choicesin
Chapter I litled “Flale Tectonics.” to presen)
the book's loundation coherently within a
limited space, without detailed discussion.
Wegener's theory of contingntal driltis inro-
duced, long after plate tectonies—which is
comparablelointroducing Newlon's laws al-
ter the theary of relalivity. Readers who are
curious about how plates move will lind a
short paragraph on cycloid plate motions. No
concepts lundamenta! lo plate motions are
explained, including instanlanegus, stage
and linite rorations, and Euler poles. In con-
trasl. discussion of supercontinents is concise
and upde-date. Chapter 2 presents a good
averview of (he siructure and properties of
the Earth’scrust. but coverage of yield-sirength
envelopes and their significance is meager.

Given the primary mission of the book. crus-
tal evolutionina plate tectonic framework. it
is surprising that Chapter 3. litked "Teclonic
Setlings.” is nol ordanized according 1o plate
boundary type (divergent, convergent. strike-
slip). but rather contzins a curious mix of
subtopics. In a reversal ol the sequence of tec-
tonic events, passive margins (aintly with cra-
1ons) are discussed belore conlinental nfls.
Discussion ol passive margins cavers fess
than ha!l a page. and Condie does not men-
tion volcanic macgins o fundamental proc-
esses sueh as pure versus simple shear in

Poliution {cont. from page 219)

approaches and case sludies. A pasticuiarly
noteworthy and encouraging trend in con-
trast to earkier published papers ol GiSlinked
NPS potlution modeling was the signilicant in-
crease in the application of uncentainty anaty-
sis to augment the modeling studies as a
source of retiability information. Three impor
tant advances in assessing NES pollution
vulnerability that were reporied by the volun-
tecred papers included evaluating the wonth
of supplementaf chemical. climatic, and soit
data: adopting the Jury ransier function model
alscales: and exiending geostatistical
analysis into the time dimension.

Futore Directions

Even though remendous advances have
been made in assessing NP5 poilution in the
vadose zone during the last decade {Conwin
and Loague. 1996; Conwin e 0. 1987, much
remains fo be done. The direciion of huture e
search needs became evident althe conier
ence. The perlinenl areas requiring
development include (1) instrumentation
and methodology for the geospatial estab-
lishment of stream4ube boundaries (that is,
spatial domains of statigtically homogenecus
praperiies of solule transport) and the huzzy
boundaries between stream-tubes; (2) re«
mote sensing and nehinvasive lechniques for
measuring soiute fraRspon model parameters
at muitiple scales in a cost-efleclive manner,
(3) a clearer understanding of the issues of
upscalingof spatial data and its aggregation,
as weli as downscaling and disaggregalion:
and (4) ultimately. the integralion ol scien-
tific. economic, and political considerations
1o make NP3 poliution assessments with ad-
vanced information technologies a decision-
maker's. rather than a purely scienlific. (oot
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terms of margin farmation. Considering that
passive margins are crticaiin bath the plale
tectonic cycie and crusiaf eveletton, it would
seem that they deserve mare space. given the
book's litle. .

Chapier 4 discusses the Earth's mantie and
core comprehensively, with two exceptions.
Condis omils major recenl advancesinun-
derstanding how the geodynamo works
(Glatzmaier and Robens; Kuang and Blox-
ham). His discussion of the mantte thermat
boundary layer also fails 1o menton [unda-
mental contributions by Sclater, Parsons. and
McKenzie on oceanic depth-age relation-
ships, based on the thermal boundary laver
orthe plate model. Condie merely states that
hithospheric thickness is a flunction of age.
but he does not reveal the nature ol thig fync-
tian.

Chapters 5 and 6 (crustal and mantle evolu-
tion and (he almosphere; oceans and cii-
mate) are the book’s highlights, Thev provide
the reader with concise. upiodate. and well-
wrillen accounts of Archean 1o recent chemt
<al. physical. and biclogical processes
Condie concludes with a condensed account
ol comparative pianetary evolution. but the
book would become more weli-rounded
athertopics. in particular. the fundanenials
ol plale teclonics and lectonic seitings. were
o receive more attention in future edilions

Given that this is the 4th edition of Condie 3
book. it is surprising to lind factual errors
such as the statement thal “ridge-ridae Irans-
lerms relain a constant length thraueh hme”
{page 34) (this would only be Irue in the ab-
sence of spreading asvmmetries). The voner-
age of crustal and mantle evolution 13 the
book’s main strength and what se1sit apan
from its compeiitors. However. these subects
are not typically required in undergraduate
courses, which are often iocused onconeyv.
ing lhe fundamentals of plate wetones and
resuiiing Eanth processes atthe same tme.

Further. the book's shoncomings infeems
of arganization. coverage ol basic principies
and lack of upto-date informanon i some ar-
eas makes it less oselud for those aduvanesd
readers not primaniy interested in crusial
and mantle evolution The ligures are sunple
clear. and instructive about exsentid
The ook 13 recommend=d as a rean
tordable and uselul relerence o feads
lerested in #s main theme Hotevet s
content could be clarified by renainme
“Crystal Evolution anif Plate Tec? o s e
emphaszing the larmes rathe anhe lafe
fer. with Pangeansize tont Then the
polential reader would be less coniusm]
about what lo expect—Dwimn Muitic
Depantment of Geolagy and Geoplivaia
University of Svdney. Svdnaev. dustrata

Chapman/355A Quireach Conference, and
the Soil Science Society of Amernea, MASA
the National Science Foyndation Universiy
of llinois. and Stanford Unversuy s Center
for Earth Science Information Research for
conlributing support lunds, The conlerence
was dedicated in memon of Carnelt Unwver-
sity's Professor Roben “Jeil” Wagenel.—
Dennis Corwin. US. Sahniny Lahoraiory.
Riverside. Calif. USA, Kenh Lowgue. Stanford
University. Stanford, Calif. USA: und Tim
Eifsworth, University of fiiinos, L rhana. (SA

The 1997 Joint AGY Chapman/3834 Oyt
reach Conlerence, "Appication ol Gi§, Re-
mote Sensing. Geostalistics, and Sciute
Transport Modeling to Lhe Assessment of Non-
point Source Poiutants in the Yadose Zone.”
was held October 19-24. 1997, in Riverside.
California, USA.
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