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Introduction

The U.S. Geological Survey (USGS) Fourth Biennial
Geographic Information Science (GIS) Workshop (USGS-GIS
2001) was held April 23-27, 2001, at the Denver Federal
Center in Denver, Colorado. The workshop provided an
environment for participants to improve their knowledge
about GIS and GIS-related applications that are used within
the USGS. Two major topics of USGS-GIS 2001 were the
application of GIS technology to interdisciplinary science and
the distribution and sharing of USGS GIS products. Addition-
ally, several presentations included GIS technology and tools,
project applications of GIS, and GIS data management.

USGS-GIS 2001 included user and vendor presentations,
demonstrations, and hands-on technical workshops.
Presentation abstracts that were submitted for publication are
included in these proceedings. The keynote speaker was
Karen Siderelis, the USGS Associate Director for Information
(Geographic Information Officer). In addition to the USGS,
other Federal agencies, GIS-related companies, and university
researchers presented lectures or demonstrations or conducted
hands-on sessions. USGS employees and contractors from
every discipline and region attended the workshop. To facili-
tate the interaction between the Federal agencies, each of
the presenting Federal agencies was invited to send a
representative to the workshop.

One of the most beneficial activities of USGS-GIS
2001, as identified by an informal poll of attendees, was the
Monday evening poster session in which more than 75 poster
presentations gave attendees a chance to learn of work being
performed throughout the USGS. A feature new to USGS-GIS
2001 was internet participation of USGS personnel through
cyber seminars of the morning plenary sessions.

Purpose and Scope

These proceedings document the information presented at
USGS-GIS 2001. These proceedings include a description of
workshop attendees, their participating organizations, and the
workshop schedule. Presentation abstracts are listed alphabeti-
cally by primary author.

Summary Description of Registered Attendees:
Total number of attendees: 207
* USGS employees and contractors: 200
*  Biological Resources Discipline: 20
*  Geographic Information Office: 2
*  Geology Discipline: 44
*  Director’s Office: 1
*  Geography Discipline: 43
e Operations: 2
*  Water-Resources Discipline: 88
* Federal Geographic Data Committee: 1
*  Minerals Management Service: 3
e U.S. Bureau of Reclamation: 3

States represented by USGS personnel:

Alaska, Arizona, California, Colorado, Florida, Georgia,
Iowa, Idaho, Illinois, Indiana, Kansas, Louisiana, Maryland,
Maine, Massachusetts, Minnesota, Missouri, Montana,

New Mexico, North Carolina, New Hampshire, Nevada, New
York, Ohio, Oklahoma, Oregon, South Carolina,
South Dakota, Texas, Utah, Virginia, Washington, Wisconsin

Participating Organizations:
Federal Agencies:

Bureau of Reclamation

Bureau of Land Management

U.S. Census Bureau

U.S. Department of Agriculture

U.S. Department of Agriculture Forest Service

U.S. Department of Agriculture National Resources
Conservation Service

U.S. Department of Energy

U.S. Department of the Interior

U.S. Environmental Protection Agency

Federal Emergency Management Agency

U.S. Fish and Wildlife Service

U.S. Geological Survey

National Park Service

Consortia:
Federal Geographic Data Committee
Open GIS Consortium
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Universities:

Colorado School of Mines
Oregon State University
University of Colorado

Commercial vendors:

AutoDesk, Inc.
Dynamic Graphics, Inc.

Environmental Systems Research Institute, Inc.

ERDAS, Inc.

EMC2

IBM Corporation
LizardTech, Inc.

Microsoft Corporation
Oracle Corporation
Research Systems, Inc.
Silicon Graphics Inc.
Trimble Navigations Limited
Voice Insight

Peer Review Process

All abstracts in this report have undergone the
review procedures mandated by USGS policy. Minor
modifications have been made to selected abstracts to
ensure consistent formatting and use of acronyms.

A glossary of selected terms is at the end of this
document. Terms, abbreviations, and acronyms were
selected for inclusion in the glossary if they were used
in more than one abstract. Terms, abbreviations, and
acronyms that are not in the glossary are explained in
the abstract in which they are used.



3

USGS GIS 2001 WORKSHOP ABSTRACTS

(103eUIPI00D ‘Aey qlieg) poomayeT ‘uu] AepijoH Je uoissag 13)sod oo”%mqo
noy |
‘payonal sa)nuIw Of
asua9l| olydesBoped inoA Buiney 198 ejeq
PIOAE 0} MOH ‘OIWIODD|A BLEN sallepunog paysiajep) [eUoleN
seINuIL 0Z e Jo Juswdojansq ‘eay uely
“AoeINooY noy | seInuIW O BuLayo 1sil
[EJUOZLIOH 10} S|9POJA UoleAS|T ‘elep S|9 aleys o) ‘(sueld m_oommmwmﬂ_vvsw_\,_ Aﬁ_mm.m_wumﬂn_o& (uogenuguoa) | (uonenuyuoo) Nd
[enbiq Bunenien3 ‘BN 7 A1eS | welsAS a)14 paInquisiqQ S oSOl | Pue SNjels) seAneALiaq o160j0IpAH L' SID2IY :uolsses UoIsses OISSSS —l hoig-01ie
senuIW O pue equieg Buisn ‘swepy sop S} '® AN :UIPJSA Sunsuy :U0ISS8S UO-SpuUBH uo-spuey S Lol
‘¢ |eob sajnuIW Of sa)nuIW 0Z
a|qissodw ue--Asea apew sajydeub) ‘SaNSS| YJoM}au ‘Josejeq JoA0D
de|y ‘exT piaeq pue @aidng ueap pue alempleH ‘s)ue|g 8ohog pueT jeuoneN 8y ‘uuewaBop
(Rey (ndwel "3 sawer pue pJemoH |\ usydals
skeidsiq qleq) :Aoeunooy pue Aydeibopen 9ouEe) :uolessIuIWpPY WalsAs (eay |v) :s}oseje( |euoneN
10PUSA NERE] 01'€-05:C
s9)nuIW Of
sajnuiwW Of ‘swajqold a2inosal pue
‘s|euolssajold Joj uoneonp3 g9 |ejusWUOIIAUS BUIA|OS 10} |00}
‘DjsI9y ‘r ydasor pue piep) uey :aseqeje( de|y o160j089) BalY O e
seNuUIW OF uojbulysepn 8yl ‘siaeq |\ wepy (Bupiayo 1s11}) (Bupayo 151) Buisuag
‘L'g UOISIOA S|DHIIY sajNuIW 07 (I4S3 pue s9sn) (14s3) (Ms3) sioony | ejowey nd
0} suyjed uonesbip ‘ubeN " sep ‘s|00 | Buixapul am@m%a% w_._mw_mm,i m_ommu,qm .mm_wmmw uoIssag Buiuuibeg 06:2-00:1
senuIW of yoeay Buionponul ‘syieds wiy m_o_www_w cm.wm:mm pueH uo-spueH :uoIssag
‘uonyeonp3g sajnuIW 06 sajnuIwW Ot uo-spueH
ul spoyia|\ pue ABojouyos] S| 4GS ‘siayjo pue simaT-z)ed MIoTf ‘1esereq AydesBoipAH [euoneN oyl
Bunuawsaldwy ‘ysiey r ydasor (yesBpue] ‘plemaq Awwo | pue asaIp) [Nned
(uBaN Jep) :uoneonpg pubuy) :seipnis 8se) 10d (oY uanay) :s}asejeq |euoneN
(HONN)
$409/HONN ( o_\,m_vmwhm%_wwmﬁ%mﬂmvoc_o n $409/HONNT Wd 00:L
z -V 0€:LL
apun|idL
pue %9819 )ied JajuIM puejano sy 'g uyor SSewmous auojshay| 1addop abpuuayoaig | <-NOOY
JaAlIS
J9)ua) Bulutes] [euoneN ‘gg Bulpjing
1¥S3 ‘umoug Jul|D :SI9D JO aunind Sy} JO UOISIA S,[¥ST ANVOE:LL
:uolssas Aleus|d -00:0L
Mv3Ng 00:0L-St:6
0OI9 ‘sl|aJapIS ualey| ‘8jouhay]
J10)08.1q uoibay [enus) ‘|lerspese) Wo ] ‘DWOddAN I\
Jojeulpioo) doysyiop) ‘Bullianalg Jajiuusp ‘uonejuslO G¥:6-00:8

:uoisses Aleus|d

wnuoypny 018 Bulpjing

€2 114dV ‘AVANOW

3INP3aYds L00¢ SIO-SOsSN




Workshop

ion Science

Informat

ic

| Geograph

iennia

Proceedings of the U.S. Geological Survey Fourth B

Denver, Colorado, April 23-27, 2001

4

sbuneaw Jayjes4-e-jo-spiig val
sajnuIW Of
‘uoneoldde joulayu|
sisAjeue pue ‘Aejdsip ‘|eAsial
Ejep aAljoeIsul UY - 3A0ID Av_wwﬁnvu:(v
‘}aUIAeT DI\ PUE ZJNYDS "D Wepy oy | uonnjos
‘Jojua) ;
. mmS\M__E oy Buiddeyy urelunop Axo0y aus e (uogenunuod) | (uonenuiuod) Spinoae
WSSAS Jonty SOIIIAIIOY YoJeasay uoneAs|  ‘is! (eTEvT o) :uolssag :uolssag Sl Nd
iddississipy Jeddn ayy 4oy j0o ] Atenp] SPHAROY U ¥ UOHBASIT ISIT) 015505 UO-SPUBH Go-SPUD Jo-SpuD ayyuoejeq | 00:5-0L:€
noy | SI9 JUsWISSaSSY SPIaN JeliqeH 3 Uyor pue yalrosoy “r uyor PUeH PueH INOA ysijand
‘asudiayug ‘Japamyoy 't uoser pue ‘Buljioy | sajnuIW Of :UoISSaS
|enedsoas) aoIAIeS }salo "H sepey) ‘uabyosioy] 3 Ped ‘xo4 ‘ejep olewl|o uo-spueH
ay] ‘(S4sSn) siuobais ansyg sawer Ayjowi] ‘ueeHqaq D AusH | NSIYd ‘Alsianiun ayels uobaio
(yesbpuer (ndwep aoueT) (Aey gueg) :sanssi
pubuy) :saipnig esed |0a :suoneol|ddy Jauielu| pue Ssa uoleAs|3 pue sjesele( [euoneN
Mv3dd 01:€-0S8:C
sajnuiwW Og
skeidsig ¢ JoplIoD
Jopusp 1oAY e ul Aydesbodo] Buunsesiy
1o} (¥vqaI7) Buibuey puy uonosiag
Jyb|7 Jo uonenjeal | aswla)epn (3sepoiny)
‘9 Yaqoy pue uamog ‘H Aleyoez Buijepow
ulela}
sepun
1abew]| olydesboloads sulogiy (14S3) 21nyo8] s1esn . (I4s3 pue (sosn) 84oq Burpnjoul
yoedwod ay; Buisn Adoososoads Z'e MaIALY o) L'g maipoly | (IMS3) L8 SI9AV | SOSN) SNV s|00) BuIxapuj ejep juiod Nd
dnoy | Buibew) ybnoiy) suonelsaul SeNUIW O Josvanoronul | bupuswsduil | negyogsag | A€ DUIDEUBW | o070 .
‘dn punois) ay; woly abindg Ayes Jo uonoajeq ‘MM 10 PO THEIESEG Moz WIS UO-SpuEH ey Sl
319 ‘(SWIN) uossijjsulo) sor || ‘JebeH aAs)g pue ‘uosiapuy ALle9 e :uBISBeq ‘9oUINOIg qelung uo-spueH Bupssuibugy
pue ‘salepunog [euonaipsunp [‘umoig ey ‘Aiexoy Aey 100y ydieyl  arie o : : ysapojny Buisn
L 9)IS [eoibojoseyoly eddeleH 0} uoloNpPO.UIU|
pue |eba7 JO uonn|osay pue senuIW OZ ay) Joj uoleuIWaSSIq Eleq ‘uolssag
SdO ‘SID (SWIN) uosuyor qog ‘S)uB|d SAISBAU JO UOI9819( pue ‘uoneziensip (S|9) swalsks Uo-spuety
oy | oy} Joy Buisuag ajoway ul suoioaligf  uonewopu| olydelboas) (yeq
‘NG “4oX[e EPUIIBN alnin4 ‘uosiapuy Auag pue ‘saoua1og yueg paljddy) Jauin |
(3o0us ‘umolg ey ‘Alexoy Aey 00y ydieyl uyuey v pue Jayojeg Y aukepn
Aouen) :seipnig esed |0d (suamQ wo]) :Buisuas sjowey (uenp ues ewue)) :salpniS ase)
e . o
S409/HONNT : AN ejeq pue sjonpoid MeN :Sd9 $4089/HONNT INd 00:1
SONSES MOYWESRS {(elquLL) SN Jsjed (Susmo wol) -V 0€:L1
|euoneN e Buipjing :409
w__wm".u_u_w._m\ﬂ".ww Mded Jajuip puejano Ss)}a9M\ "g uyor ssewmous auojshay| Jaddop abpluayoaig || <-NOOY
Jajua) buluiel| jeuoleN ‘gg Buipling
0094 I9]|90\ UYor :saAleniu| paje|ay pue |aSN Jo aining Y
1¥S3 ‘umoug JulD 1L’ SIDIY - S|00L MaN 0€11-G¥:6
:uolssas Aleus|d : :
Mv3Idg S¥:6-0€'6
Svay3 ‘uelly uyor :Buisuag sjoway JO 8injn4 dUY} JO UOISIA S,SVAHT NV
:uoissas Aleus|d 0€:6-00:8

wnuoypny 018 Buip|ing

¥Z 118dV ‘Avas3ani




5

USGS GIS 2001 WORKSHOP ABSTRACTS

sbunjesw Jayjesa4-e-jo-spiig val
sanuIwW Oz
‘sisAjeuy ydeiboipAH
10} 99B8)U| J8SN |EdIydels) e sapIno.d
soInuIL Op pue ejeq |ejodwa] pue ‘[eneds ‘Juiod senuIW OF ( .
: sajelBaju| Jey} UoISUdX: MBIADI ! o 6 "ou| ‘solydels
‘sj08l0id B114 ‘umolg ey :M ;@A_Hmf__@ umm_mo%»:mmw_wa%m % Buiddepy 1ouiaiu) (-ou wo_mamho oIWBUAQ) __(sosn
senuIW "N APBIS pUE SBUOP ] MBUNEBIN 1o} sieke] eseg ‘esjusal9 pined dweua) suopeoiddy 29d Siuno)
Sjnuil of N Apel p 1 maunen suoneolddy | sjusweoueyus | (uopenuyuoo)
sjowny sanuIW 0g UoISIA Upeg : Nd
: sajnuIW g . . B q UoISIA 50UBAPY( ) pue spuewwoD :UoISSaS a
pue SWAN SO ‘umoig BN || «(go) wejsAg uonewliou] oydesBoss || TS ‘@imos| SNIRIY Bunusweidwif 1 e5 pasueapy | P S ow< 14S3)} woysno oyujosy|  uo-spuep 00:g-0l:¢
sajnuIw 0Z dopisaQ e yim uonewsoju| waysAs sanuIwW 0g HUGIISETS L I ..,_.h%__mmo S9SN :uoIssas
(ISMD) Alojuanu| YIS J81BA\-PUNOID ‘s921N0S ejep S|9 uo-spueH € _ﬂww A S|~ “uo-spueH
10 uonjelbaju| sy} seroudw| Jeuy Buismouq 1oy 8)Isqam SIN[2IY DX [P
uoneo|ddy uy :saiiiN ISMO ‘uslg,0 ‘M PIABQ puE }snbny auuelep
‘SPIIM UBJS pue Ueo|S T Jar ‘N Apeuo pue sauor 1 mayne (ssauy
(suamQ wo]) :sy08foid a4 (yesbpuen pubuj) :suoneoiddy josfoid | Ale9) :uoinquisiq eleq pue jaulaju|
w>m_n_w_D Mv3dd 01:€-0S9:C
JOpUBA sajnuiw oY
‘J19)ua) eje sWa)sAS uoneAIasqQ
$90IN0SaY yued / Aaning
[e01B0j099) SBje)S PaluN IV SONS
90J5WWOD-3 MAN ‘|[lamsng a)IN
. sejnuil oy (-ou| ‘soydets | (Buuayo jsiy) (svay3)
9|qISS9I0Y S0\ UOHEW.IOU| olweuAq) (19s3) stesn (sO9sn) AHN Buisueg
S9SN e 01 Abojouyos ] |9 suoneolddy '€ MAINDIY UM BUIyIOAN ajoway Nd
. Jnoy | jouelu| / joulsyul Buisn Byung uoIsIA ypeg 10} '8 MBIAIY :U0ISSaS paoueApy 0G:2-00:1
40JeUIPJO0] S|O [BUOlEN "7 Aiobal pue somalg ‘HY eIneT | oiseq :uoissas :uoIsseg uo-spueH :uoIsses
SM4 "usai9-yuomyinos gag senuIW 0Z uo-spueH uo-spueH uo-spueH
oy | . dnoy | ‘Aeidsiqg depy
‘JOJeuIpJoo) SI9 (14s3) 2injos)| sjoo) a-¢ JoUIB)U| HNITOM| JOAY LINOSSIA
|euoneN SdN ‘Buoiswiy aljsa inoy | ‘sine@ qog pue J9snaH suuesp
(jesBpue] ‘(14S3) 21njo9) s|00} Jajsey (ssa1y]
pubuy) :saipnis ase) |0d (@ooys Aouep) :sjoo| Aeo) :uonnquisiq eyeq pue 1oulaiu|
; (HONNT)
S409/HONNT $9|00 anboer ‘SNIoIY 1409 S409/HONNT Nd 00:1
-V o€ L)
apunjiaL
pue }3a19 jied J9JUIM puejaA0T] S¥99\ 'g uyor ssewmousg auojshay 1addop abpuuayoaig | <-NOOY
JaAlIS
Jayua bulurel| |euoneN ‘eg Bulpjing
neaing snsua) 'S’ ‘dwooig pald Y
090 ‘yYoeleyoeg wes ‘wniPosuo) S| uado 08:11-G0:0L
:uoissas Aleus|d ’ ’
Mv3dg G0:0L-05'6
SOHSN ‘Jeajue] usy ‘ype3 ayj o) Aemajes)
1¥S3 ‘iusieg yar pue ((SOSN ‘auyINd @ uyor) :poddng aii4 puep|ip :OVINOID 04
sjuswadounouue 05:6-00-8

:uoissas Aleus|d

wnuoypny 018 Buip|ing

SZ 11¥dV ‘AVAS3aNaIM




Workshop

ion Science

Informat

ic

| Geograph

iennia

Proceedings of the U.S. Geological Survey Fourth B

Denver, Colorado, April 23-27, 2001

6

sBunesw Jayjes4-e-jo-spiig val
sanuIW Ot
‘18 UOISIBA S|DHIY sajnuIW g .>__mwm.mmuuwbho_o
0} syjed uonelbijy ‘ubaN ‘O yen ngcwﬂxm‘_m_mzmam pue Nm_n_a pUE 1503 Y
sojnuIw Uim Jususbeueyy eled [eneds Aer) sanbiuyos
.onmOOv asudiejug (Ng|) poomyooy ned | (14S3 v:m. sosn) UoﬂwEoS/w Hco%
yoJeasay SpUejiap [euoneN ayy sajnuIW O m_oo._..wum_wowwOEo_\,_. (uonenunuod) pue jaseleq (uonenunuod)
1e Juswabeue|y 821N0say |einjeN ‘slasn eje( JouIsiu| I o_um I~ oOc HULIISSETS uofjeas|g HUGIISETS .En_ .
Jo} salbojouyos | sisAleuy |eneds pue jauesu| asudiauzy/S|o wo__w e i uo-spueH |euoneN uo-spueH 00:s-0L:¢
puE S| PIdUBAPY ‘199NUEe 10} suonn|og juswabeuepy EESE w_o.ww e ay) buisn
oluojuy pue ‘sauop welim ‘uosipf ereq Juswabeue pue uononpay | *U°'SSeS (PO uofeaulaq
oy | 11093 ‘As|eH 9Ad)S ‘UajeeyoS 9|14 Juswnooq pue abew paysialepn
sheidsiq (19s3) 24ny08| 3AS BUSISH ‘uoisuyor ‘g sewer ‘(yoa 1 p1ezi) uosialed uyor :UoISSag
JOPUSA (yory |4eD) :sjoo | (ubaN ep) :suoneolddy josfoid | (syuelg @0Akog) :senss| aseqejeq Lol A
Nv3d9 0l:€-05C
sajnuIwW 0G sanuiw Ot (1sy)
(INgI) Juswulan0Dd ‘asidiajug ay) buiqeuy 1SY) Indyip
Jo} suoneolddy eaer Joy 8By |ensip| Alleneds (ajoe1Q) Jaysiq Yy (Burioyo pucoss) A 8q pjnoys (Bunayo
(14s3 pue s9sN) | (SOSN) sishleuy o1eM0S BUISUSS puooss) Nd
inoy | sinoy g inoy | deouy ul sishjeue | abew) :uoissas S s (14S3) SI92y e
(14s3) 81nyos| g9y ‘Auoyjuy a[|dudIN ‘sWwaIsAg S|o Joj eyeq saweN pue Ae|ds|p Jajsey uo-spueH @ ¥ .co_w.ww RIGIEEETS 05:¢-00:}
10} suojjeal|ddy Joj oiseg [ensiA (sesBpue pubuj) olydesboan ‘saybnH 'S wybmQ | :uoissas uo-spueH :_.\_,w..qum_._ S uo-spueH
(yory |4eD) :sjoo | :asnoybulies|d pue ejepejopy (ssaly Aieo) :sanss| aseqejeq
Kemajes) ejeq 921n0say
pue Jamal/ eje( |I0S paseg gap
‘ SOUN - vasn ‘109loid asnoyiybr (HONNT)
S409/HONNT nwmﬁ%km__om_%__wmmw‘% Sio20g | 2UL (SOMN-Yasn) Seo llepusm S409/HONNT Wd 001
: pue (SOYN-VYASN) PeIdT and8)s -V 0€:LL
JEVNERIETR
‘(yosouolN) Aejpieg wo] (Aey greq)
apunjeL
pue }3ai9 yled J9JUIpM puejaao] S)a9\ 'g uyor ssewmousg auojshay 1addon abpuuayoaig | <-NO0Y
19AllS
Jajus) bululel| [euoneN ‘gg Buipling
SOSN euin] sunsy3 :3ANTONI WY
30Q “4epAug usy) 'SSA 0€:1 -G+l
:uoissas Aleus|d ) )
A4
Av3dd v'6-08:6
SOSN ‘Uss|O Apuey 8ouslog pajesbaju| .
:uoissag Aieuald 0€:6-0¢€-8
‘ NV
SAYVMY 431S0d 'SLNINIONNONNY 0€:8-00:8

wnuoypny 018 Buip|ing

92 118dV ‘AVasSyNHL




7

USGS GIS 2001 WORKSHOP ABSTRACTS

Ndnorav Nd 00:€
sajnuIW Ot
¢ AN YO ‘suonoaloid pue ‘swnjeq
‘splosaydg ‘Buienals g Jajiuuar
, SOINUIW O (sosn “Jemey
y Builepojy ssed01d g ‘N USA8}S pue
|eoisAyd Joj siejoweled |eneds Aey 'y eleque:
10 Juswdojenaq 8y} Joy edepBIU| (Buiayo (Butisyo puooss) M_o>/“, m.Eﬂ,._com_v
sheidsig Uy - [eseap SI9 8y ‘Asisenes] anoy | pu0oas) (1¥s3) | (14SI) PEAOIY | 15050, Kaning Nd
IOpUDA "H 961099 pue ‘wosnsyiep ‘0j0A0-8)17 Juswabeuepy S18S) g’ MBIAIY | O} uoHoNPOsU| |eoibojoas) N3dO 00:€-00:1
senuiW 0g "] UBAL)S “JeBIA pueloy eleq Y Hauupis suyD pue 20} 18 MBINJIY :uolsses SN Buisseooy
‘VINTA saINuIW 0Z “Jayiung) Balg) ‘Jaleple 'y piaeq | ‘UO!SSSS Uo-spueHq uo-spueH :1910/dX3
‘loseap S| 8y} 0} UOISUS)XT senuIW 0g ypes :uoisses
noy | 10}09]9S UolelS ajewl|D ayl ‘Juswabeuew uo-spueH
“(14S3) 2N 199V ‘Aey '3 uaineT pue Jabip puejoy | uoneoldde pue ejep S| 104 [powl
(yeiBpue (18BIA ejosauulpy ‘dooues "y Jaydoisuyn
pubuj) :salpnig ase) pue sjoo] puejoy) :sydeouo) pue Bulepoly || (ssasy Ale9) Juswabeuely Jo8fold
SI9
10} SUONN|OS [DS - UoKeZI|ensIA Wd 001
$409/HONN Ejeq pue uonelioge|jod $409/HONNT -NY om..:
10 Jamod ay] (|98) ootepeq :
Auo] pue As|seag weyeis)
spun|aL
pue 33919 Yled J9juIpy puejaao S)}e9M g uyor ssewmous auojshay 1addog abpuuayoaig | <-NO0Y
J9AlIS
Jajus) bulures| [euoneN ‘gg Buipling
yjaq ‘seousiog yued paiddy pue saulpy Jo |[00YdS Opelojo) ‘Jsuin] yiey 'y
pue ‘opelojoD Jo AjIsIaAlun ‘plalusnng "d elegleg AV 011
‘(uoissnosip |aued pue suopejuasald) g9 ul spuai) Buibiawg -00:01
:uoIssas Aleua|d
Mv3yg 00:0L-G¥:6)
V'S WBISU|-8010 ‘Jadway| sajey) (S|9) 1o} SaIbojouyda | SSIJAIIAN Pue uoiuboday 8210\ G'6-00:8

:uolssag Aleus|d

wnuoypny 018 Buip|ing

LZ 11¥dV ‘AvVaiyd




8 Proceedings of the U.S. Geological Survey Fourth Biennial Geographic Information Science Workshop:

Denver, Colorado, April 23-27, 2001

USGS GIS-2001 Workshop Abstracts

Using Samba and Microsoft's Distributed
File System to Share Geographic Information
Systems Data

by Joe Adams

Joe Adams

USGS

Box 25046, MS 516, Denver Federal Center
Denver, CO 80225

E-mail: jdadams @usgs.gov

In a mixed environment of UNIX and MS Windows sys-
tems, GIS data are distributed across many machines. UNIX
systems can share data via Network File Systems (NFS), and
Windows systems can share data via
Windows file sharing. These two environments remain virtual
islands that are loosely connected with data transfer utilities such
as File Transfer Protocol (FTP). This paper documents a real-world
example showing how to install and configure the file-sharing proto-
col, Samba, to enable Windows-client access to GIS data residing on
UNIX systems.

The Windows world provides access to data through “drive
letters.” For every machine accessed across the network, a new drive
letter is “mapped.” As more machines are connected, the drive-letter
list may run out of letters for new drives. Also, with inconsistencies
among the selection of drive letters, problems quickly arise with
files containing pathnames, such as map compositions and ArcView
projects. Microsoft’s Distributed File System (DFS) provides a
mechanism for accessing all GIS data through a single drive letter.
This document will explain how to obtain, install, and configure DFS
on Windows NT 4.0.

ArclMS Website for Browsing Geographic
Information System Data Sources

by Marianne August and David W. Litke

Marianne August

USGS

201 W. 8th Street

Pueblo, CO 81003

E-mail: maugust@usgs.gov

David W. Litke

USGS

Box 25046, MS 415, Denver Federal Center
Denver, CO 80225

E-mail: dwlitke @usgs.gov

In 1997, the FGDC and National States Geographic Informa-
tion Council sent out a Framework Data Survey to more than 5,000
agencies within the United States. The survey was sent to Federal,
State, regional, county, municipal, tribal, university, and private
agencies. Responding agencies provided information about the

content and geographic extent of their GIS data holdings. The authors
created a website using ArcIMS software to allow browsing of the
survey results by using an interactive map. The design goal of the
website was to keep the map interface simple and focused on the
single objective of browsing survey results. The default ArcIMS map
interface, therefore, was modified by removing unneeded functional-
ity, by replacing tool icons with text buttons, and by automating the
selection and activation of map layers. As a result, users need only to
select an agency type and then click on a map location to view sum-
maries of Framework Survey data available for that location.

Geographic Information Systems, Visualization,
and Data Dissemination for the Harappa
Archaeological Site, Punjab Province, Pakistan:

A Model for WRD
by Wayne R. Belcher and A. Keith Turner

Wayne R. Belcher

USGS

6770 S. Paradise Road

Las Vegas, NV 89119
E-mail: wbelcher@usgs.gov

A. Keith Turner

Applied Earth Sciences,

Delft University of Technology
Delft, The Netherlands

E-mail: A.K.Turner@ta.tudelft.nl

GIS, visualization, and data-dissemination techniques
were used to examine and present results of a study involving
the Harappa archaeological site, a Bronze Age city in Pakistan.
Integrated data management and visualization serve to archive
and preserve geologic and hydrologic data and interpretations.
Techniques developed in this study are a model for integrating
data, visualization, and dissemination for WRD information.

GIS technologies (2-dimensional [2D] and 3-dimensional
[3D]) were used to produce spatial models linked to a database
containing text and graphics. A multiscaling user interface
was developed to allow users to display data at different levels
of details by zooming in or out of the current view. Gridded
surfaces were developed to visualize the modern topography,
paleotopography, and the stratigraphy for the site. These sur-
faces were used to construct a 3D digital stratigraphic model.
A gateway complex, consisting of a series of walls, drains,
and other structures, was digitally reconstructed. Scientific
and trade journals, popular magazines, and the Internet were
used to disseminate this work. A website (http://www.harappa.
com/3D) presents the 3D stratigraphic model of the site
and animation of the reconstructed gateway. The multiscal-
ing interface was published in a trade journal, and articles
appeared in a scientific journal and a popular magazine.



Using Internet/Intranet Geographic Information
System Technology to Make USGS Information
More Accessible

by Laura R.H. Biewick and Gregory L. Gunther

Laura R.H. Biewick

USGS

Box 25046, MS 939 Denver Federal Center
Denver, CO 80225

E-mail: Ibiewick @usgs.gov

Gregory L. Gunther

USGS

Box 25046, MS 939 Denver Federal Center
Denver, CO 80225

E-mail: ggunther @usgs.gov

The USGS Central Energy Resources Team (CERT) is a
research organization devoted to assessing the origin, occur-
rence, quality, and quantity of fossil fuels in selected areas of
the United States and the world. The science-based assess-
ments, utilizing numerous public and proprietary databases,
provide information to the public, decisionmakers, and
researchers.

GIS tools help scientists access, analyze, summarize, and
deliver energy-assessment data, results, and products. Cur-
rently, the assessment toolkit makes prominent use of Arclnfo
and ArcView. The Energy Team is investigating implement-
ing internet/intranet map serving for the dissemination of
data and GIS functionality in the assessment process and for
delivery of USGS products. The release of ArcGIS 8.1 is
a major breakthrough in the evolution of ESRI software; it
marks the unification of ESRI’s desktop environments in the
new software architecture. A significant new capability is that
all ESRI desktop applications (ArcInfo, ArcEditor, ArcView,
ArcExplorer, and ArcIMS Viewer) will be able to stream vec-
tor data across the Web from an ArcIMS server. This presenta-
tion discusses issues related to current utilization of ArcView
and the implementation and impact of internet/intranet map
serving on the assessment process.
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Evaluation of Light Detection And Ranging
(LIDAR) for Measuring Topography in a River
Corridor

by Zachary H. Bowen and Robert G. Waltermire

Zachary H. Bowen

USGS

4512 McMurry Avenue

Ft Collins, CO 80525-3400
E-mail: zack_bowen@usgs.gov

Robert G. Waltermire

USGS

4512 McMurry Avenue

Ft Collins, CO 80525-3400
E-mail: bob_waltermire @usgs.gov

LIDAR is relatively new in the commercial market for
remote sensing of topography, and it is difficult to find objec-
tive reporting on the quality of contractor-supplied datasets.
Accuracy specifications for LIDAR data in published evalua-
tions and estimates provided by contractors ranged from 1 to
2 m RMSE (x,y) and 15 to 30 cm RMSE (z). Most of these
estimates were based on measurements over relatively flat,
homogeneous terrain. This study evaluated the accuracy of one
contractor-supplied LIDAR dataset over a range of
terrain types in a western river corridor. Elevation errors

based on measurements over all terrain types were larger
(RMSE (z) =43 cm) than values typically reported. Cross-
sectional profiles indicated algorithms that were effective

for removing vegetation in relatively flat terrain were less
effective near the active channel where dense vegetation was
found in a narrow band along a low terrace. LIDAR provides
relatively accurate data at densities (50,000 to 100,000 points
per km?) not feasible with other survey technologies. For many
projects, horizontal accuracy of 1 to 2 m RMSE (x,y) and
vertical accuracy of 15 to 30 cm RMSE (z) in relatively flat
terrain are more than adequate. Options for projects requiring
higher accuracy will be expensive and include low-altitude
aerial photography and intensive ground surveying.
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New E-Commerce Sites at U.S. Geological
Survey/Earth Resources Observation Systems
Data Center

by Mike Buswell

Mike Buswell

USGS

EROS Data Center

Sioux Falls, SD 57198
E-mail: buswell @usgs.gov

The mission of the USGS EDC is to (1) “promote new
uses, new users, and new understanding of land information,
so others can better understand our planet” and
(2) “ensure that scientists, researchers, businesses, decision-
makers, and the public have ready access to the land informa-
tion they need'.”

The USGS EDC has released two new e-commerce sites
to disseminate data. EarthExplorer will replace the GLIS as
EDC'’s access site to satellite images, aerial photographs,
digital cartographic data, USGS paper maps, and Geographic
Discipline data.

The most recently released Web site is the Seamless
Data Distribution System (SDDS). Technologies used at this
site include ArcSDE, a way to store and retrieve information,
and ArcIMS, a GIS-type interface to geographic data using a
standard web browser. Data will be provided to users in sev-
eral optional formats for downloading and use with GIS tools.
Future datasets for inclusion in the system are NLCD and
NHD. Other datasets to be considered will depend on feedback
from user communities and scientific staff at EDC and other
USGS Centers.

IStrategic Direction for the USGS EROS Data Center,
1998-2008, December 1998.

The Washington, D.C.—Area Geologic Map
Database: A Tool for Solving Environmental and
Resource Problems

by Adam M. Davis

Adam M. Davis

USGS

12201 Sunrise Valley Drive MS: 908
Reston, VA 20192

E-mail: amdavis@usgs.gov

The Washington, D.C.-area geologic map database
(DCDB) contains geographically referenced information about
the bedrock and surficial geology of three 30 X 60 minute
quadrangles (Frederick, Washington West, and Fredericks-
burg) in and around Washington, D.C. The database is a com-
bination of ArcView shape files and an MS Access database. It
is part of an effort by the USGS to create a National Geologic
Map Database that complies with the North American Geo-
logic Map Data Model Standard. Information about the Data
Model Standard can be found on the internet at (http://geology.
usgs.gov/dm/).

Databases like the DCDB enhance our ability to use the
information collected by geologists. Queries or geographi-
cal analyses of these digital data can provide the information
necessary to support environmental and resource decisionmak-
ing. Two examples of geographical analyses facilitated by the
DCDB include display of the areal extent of bedrock types that
may contribute to slower ecological succession and determina-
tion of sinkhole density within watersheds to target areas for
karst studies.

The DCDB’s ability to facilitate geographical analyses to
solve environmental and resource problems will be enhanced
when biological and hydrological data elements such as spe-
cies abundance and hydraulic conductivity become part of the
database.



Map Graphics Made Easy—An Impossible
Goal?
by Jean Dupree and David Litke

Jean Dupree

USGS

Box 25046, MS 415, Denver Federal Center
Denver, CO 80225

E-mail: dupree @usgs.gov

David Litke

USGS

Box 25046, MS 415, Denver Federal Center
Denver, CO 80225

E-mail: dwlitke @usgs.gov

Presentation map graphics (slides and posters) are
commonly needed, often on short notice, by scientists and
managers. Improved software interfaces offer the possibility
of simplifying the map-making task, but powerful software
still requires a complex interplay of icons, menus, and mouse
clicks to efficiently create a final product. A customized Arc-
Map template was created that uses VBA script and a modified
user interface to test whether easy creation of map graphics
is a possibility or an impossible goal. The first step was to
create a standardized data frame containing library map layers
commonly needed to make graphics, including streams, roads,
cities, basin and county boundaries, and a color, shaded-relief
background graphic. Next, custom tools were added to the
interface to automate the standard map-making steps—
creating a map boundary, selecting background colors, and
extracting features from map layers based on feature attributes
or geographic location. Finally, standardized layout templates
were created for common output formats such as PowerPoint
presentations and large-format poster graphics. This exercise
indicated that a combination of task automation and user
training can result in an improved capacity to produce map
graphics.
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A Data Management Life Cycle
by David A. Ferderer, Greg Gunther, and
Chris Skinner

David A. Ferderer

USGS

Box 25046, MS 939 Denver Federal Center
Denver, CO 80225-0046

E-mail: dferdere @usgs.gov

Greg Gunther

USGS

Box 25046, MS 939 Denver Federal Center
Denver, CO 80225-0046

E-mail: ggunther@usgs.gov

Chris Skinner

USGS

Box 25046, MS 939 Denver Federal Center
Denver, CO 80225-0046

E-mail: cskinner @usgs.gov

Documented, reliable, and accessible data and informa-
tion are the foundation that supports scientific research and
products that enhance society’s knowledge base. The USGS, a
leading provider of science data and information, is uniquely
positioned to integrate science and natural resource informa-
tion to address societal needs. The USGS CERT provides
critical data and information on the quantity, quality, and
distribution of the Nation’s and the world’s oil, gas, and coal
resources.

By using a life-cycle model, the USGS-CERT Data Man-
agement Project is developing an integrated data management
system to (1) promote easy access to energy data and infor-
mation, (2) increase data documentation, and (3) streamline
product production and improve product delivery to the public,
scientists, and decisionmakers. The project incorporates web-
based technology, data-cataloging systems, data-processing
routines, and metadata-documentation tools to improve data
access, enhance data consistency, and increase USGS-CERT
office efficiency. This presentation will discuss components
of the life-cycle model, strategy implementation, and utilities
developed to manage data resources.
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Habitat Needs Assessment Geographic
Information System Query Tool for the Upper
Mississippi River System

by Henry C. DeHaan, Timothy James Fox,

Carl E. Korschgen, Charles H. Theiling, and

Jason J. Rohweder

Henry C. DeHaan

USGS

575 Lester Avenue

Onalaska, WI 54650

E-mail: hank_dehaan@usgs.gov

Timothy James Fox

USGS

575 Lester Avenue
Onalaska, WI 54650

E-mail: tim_j_fox@usgs.gov

Carl E. Korschgen

USGS

575 Lester Avenue

Onalaska, WI 54650

E-mail: carl_korschgen@usgs.gov

Charles H. Theiling

USGS

575 Lester Avenue

Onalaska, WI 54650

E-mail: chuck_theiling@usgs.gov

Jason J. Rohweder

USGS

575 Lester Avenue

Onalaska, WI 54650

E-mail: jason_rohweder @usgs.gov

The Habitat Needs Assessment (HNA) GIS Query Tool is
an ArcView GIS extension that was developed to assist with a
habitat needs assessment for the Upper Mississippi River
System Environmental Management Program (UMRS). It
helps evaluate existing habitat conditions throughout the
UMRS by allowing the user to perform bidirectional queries
of species/guilds and river habitat. The user may query on a
species and obtain habitat information, or they may query on a
habitat to obtain species information. These queries
are accomplished by using matrices that previously were
developed to associate the potential of a species to occur with
various types of habitat.

GIS themes, tables, charts, maps, and textual reports
describe potential species habitat, occurrence, and diversity.
Products generated with the tool will help establish a techni-
cally sound, consensus-based management framework for
the restoration, protection, and enhancement of the UMRS
ecosystem.

The query tool is distributed on a five-CD set. The query
tool was developed by using the ESRI Avenue macro-
language. The data loader was developed in MS VB 6.

Color-Shaded-Relief and Satellite-lmage Maps
for Grand Canyon National Park
by Michael F. Gishey

Michael F. Gishey

USGS

2255 North Gemini Drive
Flagstaff, AZ 86001
E-mail: mgishey @usgs.gov

Maps were produced to serve as guides for tourists to the
national parks and monuments located within the boundar-
ies of the Colorado Plateau. They were developed as part of a
series of displays for Grand Canyon National Park’s new Can-
yon View Information Plaza. The maps are intended to appeal
to a general audience while providing as much information as
possible. The colors for the elevation maps were selected to
depict those found in the landscapes of the Colorado Plateau.
The vector overlays were made to appear like those from a
standard highway atlas. Numbers placed over the parks cor-
respond to like-numbered photographs of the parks on the
maps’ margins. Data sources included 1-degree USGS Digital
Elevation Models (DEMs), 10-meter USGS DEMs, Landsat
imagery, the ESRI U.S. Street Database, and data from the
National Atlas of the United States. The shaded-relief images
were created using ArcInfo GRID and Adobe PhotoShop. The
Landsat imagery was georeferenced and overlaid with vector
data. All vector data were generated in ArcInfo and exported
as postscript files. The images then were placed into Adobe
[lustrator along with the vector data where the final map
layout and labeling were done.



Geo-Spatial Multi-Agency Coordination Group
Wildland Fire Support
by John D. Guthrie and Jeff Baranyi

John D. Guthrie

USGS

Box 25046, MS 516 Denver Federal Center
Denver, CO 80225

E-mail: jdguthrie@usgs.gov

Jeff Baranyi

ESRI

4875 Pearl East Circle, Suite 200
Boulder, CO 80301

E-mail: jbarani @esri.com

The need for information on the status, location, and
proximity of wildfires to values at risk has prompted the for-
mation of the Geo-spatial Multi-Agency Coordination Group
(GeoMAC). The GeoMAC team, with representatives from the
DOI—USGS, BLM, FWS, BIA, NPS, and USDA-FS—
consists of technical experts in the application and utilization
of the information and mapping sciences. The GeoMAC team
produced an internet-based mapping application, which allows
firefighting coordination centers and incident command teams
to access online maps of current fire locations and perimeters
by using standard web browsers such as Netscape or Explorer.
Fire-perimeter data are updated daily on the basis of input
from incident intelligence source, GPS data, and imagery from
fixed-wing and satellite platforms. This discussion will focus
on the technological challenges faced by the team, the innova-
tive solutions devised, and the challenges ahead.
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Factors Influencing the Evolution of
Albuquerque’s Landscape

by David J. Hester, Maria L. McCormick, and
Jonathan J. Fernandez

David J. Hester

USGS

Box 25046, MS 516 Denver Federal Center
Denver, CO 80225-0046

E-mail: dhester @usgs.gov

Maria L. McCormick

MS: 516

USGS

Box 25046, MS 516 Denver Federal Center
Denver, CO 80225-0046

E-mail: mlmccormick @usgs.gov

Jonathan J. Fernandez
USGS

227 N. Bronough Street
Tallahassee, FL 32301
E-mail: mfernand @usgs.gov

The landscape upon which cities evolve and the resulting
urban form are influenced by various social, economic, and
physiographic factors. Understanding the factors that are driv-
ing, enabling, constraining, sustaining, and shaping the urban
form is essential to gain insight into the variables that contrib-
uted to Albuquerque’s urban growth and land-use change.

Analyzing the factors influencing the evolution of Albu-
querque’s landscape requires developing an understanding
of the regional land-use history and the historical events that
caused the city’s land-use patterns. Quantifying Albuquerque’s
landscape change involves analyzing the urban landform to
understand the rates of growth, trends, and land-use patterns.

What factors will affect the Middle Rio Grande region’s
future urban form and Albuquerque’s footprint on the land-
scape over the next 50 years? As part of the USGS Middle
Rio Grande Basin Study and the Middle Rio Grande Council
of Governments FOCUS 2050 Regional Plan, land-use models
are being executed to predict the region’s land-use patterns.
Albuquerque’s economy, currently (2001), ranked the 22nd
highest out of 316 metropolitan areas nationwide, supports a
continued economic boom and subsequent urban growth.
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Missouri River InfoLINK Internet Map Display

by Jeanne Heuser and Larry R. Davis

Jeanne Heuser

USGS

4200 New Haven Road
Columbia, MO 65201

E-mail: jeanne_heuser @usgs.gov

Larry R. Davis

USGS

1400 Independence Road
Rolla, MO 65401

E-mail: Irdavis @usgs.gov

The USGS Columbia Environmental Research Center
created the Missouri River InfoLINK to enhance understand-
ing of the Missouri River by facilitating communication and
fostering informed participation in management decisions.
InfoLINK activities include managing a web page with inter-
active maps, conducting an annual natural-resources confer-
ence, and making scientific information available in terms
and forms understandable to stakeholders, resource managers,
policy makers, and citizens.

In 1998, InfoLINK began serving base maps of the
Missouri River on the Internet using ArcView IMS. Through a
partnership with ESRI and the USGS Mid-Continent Map-
ping Center, InfoLINK maps are being updated by using the
new ArcIMS. Map design at various scales is coordinated with
USEPA-funded community projects in Columbia, Missouri,
and Bismarck, North Dakota, and with resource managers
at the FWS Big Muddy National Fish and Wildlife Refuge.
Currently (2001), an ArcIMS design is being developed to
display results from the Missouri River Benthic Fishes Study.
It will provide a template for incorporating biological data in a
spatial context for management decisions.

The InfoLLINK goal is to build the foundation map struc-
ture needed for a Missouri River decision-support system. The
presentation will discuss unique challenges encountered in
building maps to be served on the Internet that cover one-sixth
of the United States.

The National Land-Cover Dataset
by Stephen M. Howard and James E. Vogelmann
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The USGS EDC, in cooperation with USEPA and other
Federal agencies, recently completed the NLCD. Based on
early 1990s Landsat Thematic Mapper (Landsat TM) imag-
ery purchased by the Multi-Resolution Land Characteristics
Consortium (MRLC), the NLCD represents the most up-to-
date, nationally consistent land-cover dataset available for
National and regional level analyses. The digital raster dataset
is distributed as State files (lower 48 only) with 30-meter
resolution and 21 categories of land-cover information in an
Albers Equal-Area map projection. Accuracy assessments
have been completed for the eastern one-quarter of the United
States and show an 80-percent accuracy at Anderson Level 1.
The remainder of the United States should be finished by the
close of 2001.

Since its release, thousands of individual state files have
been distributed to users. Feedback from the users is being
gathered into a database to help the USGS assess needs for
land-cover data. Reported applications range from water-
quality assessments and wildlife-habitat assessments to
disease vector studies, radio signal propagation models, and
visualization. Users are primarily Federal and State agencies
and universities, but commercial firms and local governments
also are showing interest.



Geographic Names Data for
Geographic Information Systems
by Dwight S. Hughes
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The Geographic Names Information System (GNIS)
contains the federally recognized names and locations of two
million physical and cultural geographic features in the United
States. Each feature is located by coordinates, State, and
county, and is identified by class, feature relations, and other
data. GNIS is the only official repository of domestic geo-
graphic names information. The system also contains 350,000
cells and related data. It was developed and is maintained by
the National Mapping Program Geographic Names Office and
supports the Executive Secretary of the U.S. Board on Geo-
graphic Names. The system has provided datasets to
TerraServer, LandView, National Atlas, and NHD.

The system is undergoing a complete redesign and
rebuild in Oracle8i, including Oracle Spatial. For the first time,
feature name, location data, and cell data will be available in
spatial format. The lead analyst and development team leader
will describe the database design and the status and schedule
of redesign with a short demonstration. Alternatives for access
by other systems and for making datasets and(or) data layers
available to other systems will be discussed. The staff wishes
to hear from participants about requirements for spatial or
nonspatial data and suggestions for meeting those require-
ments.
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Advanced Geographic Information Systems
and Spatial Analysis Technologies for Natural-
Resource Management at the National
Wetlands Research Center
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For the past 15 years, staff at the National Wetlands
Research Center in Lafayette, Louisiana, has been gathering,
analyzing, and disseminating digital data, and developing GIS
technologies to support natural-resource management. The
range of activities include monitoring and planning of wetland
restoration projects for the $300 million coastal Louisiana
effort, conducting status and trends studies on submerged
aquatic vegetation for the Gulf of Mexico region, assessing
impacts of natural disasters such as hurricanes and floods, and
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developing GIS datasets and technologies for DOI and other

agency natural-resource managers. This presentation will

provide an overview on new and advanced spatial analysis
technologies at the Research Center. Technologies to be
covered include:

1. Designing multifunctional spatial decision support
systems, including a spatial statistics component, for uses
such as wetland restoration planning, landscape modeling,
biodiversity, and sensitivity analyses;

2. Developing and testing advanced data acquisition
technologies, that is, GPS for geographic locational data,
digital video cameras to monitor wetlands, and data
management and display systems; and

3. Developing advanced capabilities for interactive computer
technologies such as map servers, Internet and CD/DVD
products, and 3D computer graphics.

Ground-Water Site Inventory Utilities: An
Application that Improves the Integration of
Ground-Water Site Inventory System Information
with a Desktop Geographic Information System
by Matthew L. Jones and Grady M. O'Brien
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Ground-Water Site Inventory (GWSI) Utilities is
composed of four modules—“GWSI Codes,” “GWSI Snap-
shot,” “GWSI Enhancer,” and “GWSI Transformer”—that
facilitate GWSI database integration with a desktop GIS.

The application was built for the Windows NT platform and
requires MS Access 2000 and Computer Associates’ Ingres
client. The GWSI Codes module creates an Access database
containing all GWSI codes and their definitions. GWSI Snap-
shot creates a snapshot replication of GWSI in an Access data-
base. The snapshot replication will integrate with a desktop
GIS but its use is limited by several data definitions inherent
to GWSI. GWSI Enhancer creates an enhanced version of

the snapshot replication database that resolves these limita-
tions. The GWSI Enhancer improves the snapshot replication
by (1) converting codes to meaningful definitions, (2) storing
numeric data in numeric fields rather than text fields, (3) stor-
ing dates in date-time fields rather than text fields, (4) adding
fields that store dates in decimal-year format, and (5) adding
coordinates that are in a Universal Transverse Mercator pro-
jection system for each site. The GWSI Transformer module
transforms the data in the GWSI Enhancer database into a
relational-database schema used by the Death Valley Regional
Flow System Project. This schema is capable of integrating
additional hydrologic information from data sources other than
GWSL



The Hydrograph Analyst: An ArcView
Geographic Information System Extension that
Integrates Point, Spatial, and Temporal Data
and Provides a Graphical User Interface for
Hydrograph Analysis

by Matthew L. Jones and Grady M. 0’Brien
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The Hydrograph Analyst (HA) is an ArcView GIS 3.2
extension developed to assist hydrologists analyzing water-
level data from wells. The extension enhances ArcView with
increased relational database (RDB) capabilities and includes
a Hydrograph Document Graphical User-Interface (DocGUI)
based upon the Chart DocGUI. The RDB enhancements
enable the user to utilize an identify tool in the View DocGUI
to dynamically retrieve hydrologic information about a well
from various tables in an RDB. This information is displayed
in an “Identify” window showing fields and values for each
record. Another HA menu allows the user to generate hydro-
graphs for wells selected from the point theme. Hydrographs
generated by the HA are added as hydrograph documents and
accessed by the user with the Hydrograph DocGUI, which
contains tools and buttons for hydrograph analysis. The
Hydrograph DocGUI has a “Select By Polygon” tool used
for isolating particular data points on the hydrograph inside
a user-drawn polygon. The Hydrograph DocGUI enables the
user to attribute (or flag) individual water levels on a hydro-
graph with the attributes dynamically communicated to the
RDB. The “Flag” tool activates a dialog box that prompts the
user to select an attribute and “methods” or “conditions” that
qualify that attribute.
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Implementing Geographic Information System
Technology and Methods in Education
by Joseph J. Kerski
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Why are educators interested in using GIS to teach sci-
ence, math, history, and geography? What is the difference
between teaching with GIS versus teaching about GIS? A
5-year study from a survey of 1,520 educators owning GIS
software assesses the extent to which GIS technology and
methods are being implemented in secondary education in
the United States. Case studies of GIS in three high schools
showed that GIS provides the opportunity for education that is
issues-based, student-centered, standards-based, and inquiry-
oriented, but its effectiveness is limited by social and structural
barriers. Barriers such as the structure of the school day and
testing requirements proved more important than hardware
and software constraints. Results of 86 experiments of the
effectiveness of GIS were mixed, although students using GIS
performed significantly better on their assignments than those
using traditional methods. Case studies showed that using GIS
in education changes teacher and student roles, communica-
tion, and methods of teaching and learning.
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Elevation Research Activities at the Rocky
Mountain Mapping Center
by John J. Kesovich and John E. List
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Recent technological advances have enabled increased
accuracy, higher resolution, and potentially reduced cost for
elevation data acquired by using airborne IFSAR (Interfero-
metric Synthetic Aperture RADAR) and LIDAR systems.
Associated IFSAR magnitude (RADAR DOQ) data also offer
improved resolution, dynamic range, and reduced noise over
earlier systems. These improved data sources promise higher-
accuracy elevation products, from higher-resolution DEM
files to derived datasets such as contours and hydrography.
Processes have been developed to merge IFSAR or LIDAR
elevation with IFSAR or optical orthoimagery and to display
these datasets in such a way to depict relative topography (by
graytone shaded relief) and relative height (by color hypso-
metric tinting), along with the georectified surface features
from the orthoimagery. The IFSAR, LIDAR, and USGS-DEM
elevation surfaces for the Morrison quadrangle pilot study
site are being compared using difference-surface anomaly
detection and visualization processes developed at the USGS
Rocky Mountain Mapping Center (RMMC). Potential feature-
extraction capabilities from IFSAR and LIDAR data will be
explored as well.

Other elevation research activities also will be presented,
including examples of color shaded-relief processes for and
output graphics of the NED DEM data for Colorado and New
Mexico.

Watershed Delineation Using The National
Elevation Dataset And Semiautomated
Techniques

by Jay R. Kost and Glenn G. Kelly
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Federal, State, and local agencies have realized that cur-
rently available hydrologic units are not of sufficient scale for
many applications. An interagency effort currently is under
way to subdivide the existing hydrologic units into smaller
units called watersheds and subwatersheds. The NED con-
tains the best available elevation data merged into a seamless
database for the entire United States. These digital elevation
data can be readily used to delineate watershed and subwater-
shed basins. Recently developed ArcView tools were designed
to facilitate the semiautomatic delineation of watersheds and
subwatersheds.



Analysis of Coral Reef Morphology Using
Scanning Hydrographic Operational Airborne
LIDAR Survey Data: Moloka'i, Hawai'i
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The fringing reef on the south coast of Moloka’i,
Hawai’i, is the focus of a USGS multidisciplinary project
studying the health and geologic variability of coral reef
systems. As part of this study, we obtained high-resolution
Scanning Hydrographic Operational Airborne LIDAR Survey
(SHOALS) bathymetric data to better understand the reef
morphology. These bathymetric data allow us to map the reef
off southern Moloka’i with a level of precision ( +0.5 m) and
spatial coverage (>50 km?, 4-m resolution) previously unat-
tainable using conventional aerial photography or boat sur-
veys. By using the capabilities provided under ESRI ArcInfo,
these data were used to interpolate a GRID surface. From this
surface, we are able to extract high-resolution bathymetric pro-
files of the reef using an AML script. The script provides tools
for displaying surface profiles visually and in text format,
and allows us to quantitatively evaluate reef structures. The
text output can be imported into MATLAB by MathWorks to
conduct Fourier analyses on the undulating spur-and-groove
morphology to determine the predominant wavelengths of
these features and how they change alongshore and at differ-
ent depths. Our long-term goal is to determine if there is any
correlation between the reef morphology and variations in the
island’s topography.
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Colorado Color-Shaded Relief
by Maria L. McCormick and John J. Kesovich
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Using NED DEM data, USGS researchers can easily
depict elevation zones and various surface features for large
extents of terrain. This poster shows the surface expression
of Colorado, color shaded by the given elevation ranges,
overlaid by various USGS National Atlas and NHD layers,
with selected features labeled. Upon inspection, it is easy to
confirm the fact that, with an average elevation of 6,750 feet,
Colorado has the highest overall elevation of the 50 States.

The NED data were delivered in four separate blocks, so
the entire statewide set was seamed together using ArcInfo
Grid. The paneled dataset was projected into Albers Conic
Equal-Area space. An AML program created the color-shaded
relief from the raw elevation surface by using a custom color
scheme. Data layers obtained from the National Atlas site
(http://www.nationalatlas.gov/), and from the NHD site
(http: //nhd.usgs.gov) were projected into Albers space and
plotted over the shaded relief.
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Evaluating Digital Elevation Models for
Horizontal Accuracy
by Gary L. Merrill

Gary L. Merrill

USGS

Box 25046, MS 509 Denver Federal Center
Denver, CO 80225-0046

E-mail: glmerrill@usgs.gov

Traditionally, contours have been a means used to depict
topographic relief on USGS topographic maps. In turn, topo-
graphic contours have contributed, as source materials, to an
ongoing national elevation program for production of USGS
DEM data. DEMs currently are used for hydrologic studies,
shaded-relief mapping, and as source material for production
of USGS Digital Orthophoto Quarter Quadrangle (DOQQ)
data. Other uses for DEMs currently are being investigated,
including the potential for using DEMs as a source for gener-
ating vector contours. The ability to generate vector contours
from a DEM has been available to users for quite some time
and, as such, will continue to be a useful function for many
users due to the costs associated with contour collection using
standard stereocompilation methods. The question becomes
how accurate are vector contours generated from a DEM that
was created by using contours compiled from stereo photo-
graphy. This paper will share results from evaluations con-
ducted to determine horizontal accuracies of contour vectors
generated from USGS DEM data by using various hardware/
software platforms. The test procedures involved a direct com-
parison of USGS DEM-derived vector contours to contours
displayed on existing USGS topographic maps.

Migration Paths to ArcGIS Version 8.1
by Mark G. Negri
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For the last 5 years, the USGS primary GIS software base
has been a combination of ArcInfo and ArcView by ESRI.
The ArcInfo and ArcView suites of software provide different
features, and the GIS user’s need for different functionality
was the major factor in choosing one or both of the suites. In
Spring 2001, ESRI released a new GIS product called ArcGIS
version 8.1 that merges the functionality of the ArcInfo and
ArcView software suites. For the USGS to migrate effectively
to ArcGIS 8.1, a thorough examination of licensing schemes
and costs as they relate to functionality will be essential. This
examination currently (2001) is being performed by the Geo-
graphic Information Program Office (GIPO) with input from
various USGS field sites that are participating in the ArcGIS
8.1 Beta program. This examination will result in advice and
guidance from GIPO for USGS field offices to ensure all GIS
functionality needs are met at the most reasonable costs.



USGS Arcinfo Custom Commands and
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A set of customizations to the ArcInfo software has been
maintained by the USGS for about 10 years. These custom-
izations include additional ArcInfo commands and standard
symbols. Most of these customizations have been contributed
by USGS GIS users. These additional ArcInfo commands
perform data import and export from ArcInfo, advanced
cartography, GIS data and documentation management, and
GIS analysis. The current (2001) set of customizations support
Workstation ArcInfo 7.x and 8.x on NT, Sun, SGI, and DG
UNIX computers. The custom commands are written in plat-
form-independent Arc Macro Language, with some support-
ing C and Fortran programs. Presently, customizations apply
only to Workstation Arclnfo, except for updated metadata
stylesheets that are used in the ArcCatalog application.

The purpose of this session is to describe the USGS
ArclInfo Enhancement Patch and to share ideas about the
future of USGS enhancements to ArcInfo. Possible future
efforts include the incorporation of specialized software such
as BASINSOFT (watershed analysis) and SAMPLE (stratified
random sampling tool), and custom symbols for ArcMap. This
session will provide a forum for users of this software to com-
ment and ask questions.
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Earth Explorer: Accessing U.S. Geological
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Earth Explorer is a Web site that provides USGS custom-
ers with product documentation and the capability to search,
preview, and order these products using a credit card or USGS
account number. The products available for query and order-
ing include certain satellite images, aerial photographs, digital
cartographic data, and USGS paper maps.

Users will notice many enhancements in this new online
query tool that replaces the GLIS. By utilizing user-specific
spatial, temporal, and dataset criteria, users now can access
metadata records for not only one, but also multiple datasets.
The capabilities to save the query results and to place an order
using a credit card are two new features that have been antici-
pated and welcomed by our customers.

Like the GLIS, the new system allows users to preview
images before ordering. This preview function is another
big plus for our users, and because these preview images
are in the public domain, they can be saved locally. Selected
images can be previewed from these datasets: Landsat MSS,
Landsat TM, Landsat enhanced TM+, Advanced Very High
Resolution Radiometer (AVHRR), Corona, and DOQs.

Some may view Earth Explorer as a precursor to a fully
integrated Gateway to Earth.
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Development of a National Watershed
Boundaries Dataset
by Alan Rea
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Federal agencies coordinating spatial water data have
identified the development of a National Watershed Bound-
aries Dataset as a top priority for inclusion in the National
Spatial Data Infrastructure (NSDI).

The proposed NSDI Watershed Boundaries Dataset will
have the following key characteristics:

* Nationally consistent digital dataset

* Nested subdivisions of established cataloging units

* 5-15 watersheds per cataloging unit

* Boundaries based on 1:24,000-scale topographic maps

* Hydrologically based watersheds—not political
divisions

* 10-digit hydrologic unit codes
* Formally established watershed names

* Attribute information to identify all upstream and
downstream units

Where watershed boundaries have not already been
mapped using appropriate criteria, new watershed boundaries
will be developed using a semiautomated procedure based on
elevation data from the NHD. The boundaries will be checked
and edited using 1:24,000-scale DRGs.

The National Watershed Boundaries Dataset, the NED,
and NHD are inherently related. Early maintenance efforts will
seek to identify inconsistencies between these three datasets
and use those inconsistencies to help improve the quality of
each national dataset.

Future Directions in Remote Sensing for the
Detection of Invasive Plants

by Ralph Root, Ray Kokaly, Karl Brown, and
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The application of remote sensing to plant pest problems
is a relatively young science. For the past 20 years, approaches
have ranged from the conventional manual interpretation of
aerial photographs at various scales to the automated image
classification of different types of multispectral images. More
recently, airborne imaging spectroscopy has shown signifi-
cant potential for detecting and mapping invasive plants, and
further advances in orbital remote sensing technologies hold
the promise to make these tools more cost effective. Issues to
be explored include resolution, data-analysis technologies, and
cost considerations with regard to the many new “high-
resolution” satellites now appearing in ever increasing num-
bers. Resolution issues include spatial, spectral, radiometric,
temporal, and geopositional elements.



Detection of Leafy Spurge Infestations through
Imaging Spectroscopy using the Compact
Airborne Spectrographic Imager

by Ralph Root, Ray Kokaly, Karl Brown,

Gerry Anderson, and Steve Hager

Ralph Root

USGS

Box 25046, MS 916 Denver Federal Center
Denver, CO 80225

E_mail: ralph_root@usgs.gov

Ray Kokaly

USGS

Box 25046, MS 973 Denver Federal Center
Denver, CO 80225

E_mail: rkokaly @usgs.gov

Karl Brown

USGS

Box 25046, MS 302 Denver Federal Center
Denver, CO 80225

E_mail: karl_brown@usgs.gov

Gerry Anderson

USDA Agricultural Research Service

Northern Plains Agricultural Research Laboratory,
Sidney, MT

E_mail: gerry @mail.Sidney.ars.usda.gov

Steve Hager

Theodore Roosevelt National Park
PO Box 7,

Medora, ND 58645

steve_hager @nps.gov

Leafy spurge Euphorbia esula is one of the most aggres-
sive and hard-to-control invasive plant pests in the upper Mid-
west part of the United States, from the Mississippi River to
the Northern Rocky Mountains. TEAM (The Ecological Area-
wide Management—Leafy Spurge http://www.team.ars.usda.
gov/), in cooperation with the U.S. Department of Agriculture
Agricultural Research Service, is evaluating the capabilities of
numerous remote-sensing platforms for the regional mapping
of leafy spurge. As part of a larger study, Compact Airborne
Spectrographic Imager (CASI-II) data were collected over a
part of the south unit of the Theodore Roosevelt National Park
and neighboring U.S. Forest Service Little Missouri National
Grasslands. The purpose was to test the effectiveness of low-
altitude hyperspectral data with approximately 5-m spatial
resolution for detecting and mapping leafy spurge. Preliminary
results were compared to ground surveys and previous leafy
spurge maps generated through the manual interpretation of
1:24,000-scale aerial photographs. This study can help in
describing future strategies for further applications of CASI-II
in mapping leafy spurge on a region-wide basis.
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To Krig or Not to Krig: Defining the question
by Sarah J. Ryker and Dennis R. Helsel
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Is kriging always, or even generally, an appropriate tech-
nique for defining surfaces for environmental data? In ground-
water-quality studies, modeling a surface often involves
skewed and highly variable concentrations of a nonpoint
contaminant. Such datasets are challenging to model with
kriging techniques and require statistical preprocessing before
the surface can be adequately defined. We demonstrate the
process of producing a good kriging model on such a dataset,
including refinements found in current statistical software
packages. We also examine alternative methods to kriging, and
conclude that for this and similar datasets, a robust smoothing
approach is the simplest and most effective method for defin-
ing the surface.

This work illustrates that: (1) it is critical to decide
whether the desired surface should represent “typical” or
“anomalous” values; (2) the degree of local variability in the
dataset should be considered in selecting techniques and
models; (3) if kriging is used, the data first must be trans-
formed to closely approximate a normal distribution, even
though no hypothesis tests are performed on the surface;

(4) better surfaces are obtained when trends in all independent
variables are removed before kriging; and (5) robust model-
ing procedures are much safer for scientists not familiar with
properties and requirements of kriging.
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Minnesota Model for Geographic Information
System Data and Application Management
by Christopher A. Sanocki
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USGS GIS staff develops geographic datasets that
provide maps, data, and interpretive services to support
District projects. A suite of GIS tools and standardized data-
sets collected and developed by the Minnesota Department
of Natural Resources are being incorporated into the USGS,
Minnesota District GIS program. These tools and standard-
ized datasets allow users to easily display and clip DOQs and
DRGs. The tools and standardized datasets are able to display
common symbols for roads, rivers, lakes, land use, GNIS,
National Wetland Inventory (NWI) data, and a variety of other
datasets.

Using a Geographic Information System to
Determine the Chicot Aquifer System Surficial
Confining Unit's Thickness and Location of Sand
Lenses, Southwestern Louisiana

by Blaine Pierre Sargent and
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The Chicot aquifer system in southwestern Louisiana has
a surficial confining unit composed of fine sand, silt, and clay
that is undifferentiated from overburden material. Confining
unit thickness was mapped using water-well and petroleum-
well data from Federal and State agency databases.

Point-specific thicknesses were estimated from
128 petroleum-well geophysical logs, 260 water-well geo-
physical logs, and 1,705 water-well driller’s logs. Water-well
driller’s logs vary in quality. Thickness values from driller’s
logs were not used if the values were not consistent with thick-
ness values from other nearby geophysical and driller’s logs.

Regional confining unit thickness was estimated using
kriging, an interpolation method. Kriging can handle
spatial variability, smooth out random “noise,” and mitigate
the impact of “hot spots” where there is a great quantity of
data. Universal kriging was used instead of ordinary kriging
because the data were highly correlated in a particular direc-
tion.

The distribution of shallow domestic wells completed in
sand lenses within the surficial confining unit was compared
to the distribution of sand lenses obtained from the log data.
This comparison provided independent corroboration of areas
where sufficient water is available for rural domestic use.
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GEODE (Geo-Data Explorer: http://geode.usgs.gov) is an
internet-based system that delivers digital information from a
variety of sources to the desktops of clients and users. Policy
makers, land- and resource-management decisionmakers,
educators, private industry, and others are able to define
queries of maps and active databases, control map appearance,
display multiple layers of data, and create custom map and
data downloads. Users manipulate data through a GIS
interface provided by GEODE.

GEODE provides the information necessary for mak-
ing decisions that involve multiple, geologic program-related
issues. Information on energy, volcanoes, earthquakes,
geologic maps, climate change, ecosystems, coastal and
marine issues, and minerals is combined with additional data
layers such as satellite imagery, major transportation systems
(including pipelines), digital elevation models, and census and
population data.

This application has the capability to access dynamic
databases because the functionality of the application is inde-
pendent of the type or location of the database. This applica-
tion provides an avenue for fast and accessible spatial research
and analysis such as resource estimates and risk or hazard
assessment without the need for special hardware, software, or
training.
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Spheroids, Datums, and Projections, Oh My!
by Jennifer B. Sieverling
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In the rush to “get the work done,” working with spatial
coordinate systems can become a task performed without
contemplation. The concepts behind spatial coordinate sys-
tems tend to move to the background, and day-to-day work
can seem especially disconnected from the most fundamental
concepts. Eventually, relearning these concepts can be daunt-
ing for even an experienced GIS professional. The most basic
concepts of spatial coordinate systems are the spheroid, datum,
and projection. A spheroid is a three-dimensional shape based
on an ellipse in the same way that a sphere is a three-dimen-
sional shape based on a circle. Essentially, a horizontal datum
is a spheroid with a defined position relative to the Earth. A
projection is a mathematical method of taking features that
exist on a three-dimensional shape, a datum, and representing
them on a flat piece of paper. Each one of these concepts is
used to mathematically describe an irregular land surface and
will always be an approximation of the actual land surface. By
being aware of this approximation, the GIS user can begin to
understand fundamental sources of error in GIS applications
and analysis.
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Rapid Update of Digital Raster Graphics for
Wildland Fire Support
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The increasing use by the wildland fire community of the
USGS mapping products for fire suppression and Burned Area
Emergency Response (BAER) activities have highlighted the
need to develop the capability to capture more current specific
data content. The USGS 1:24,000-scale topographic map com-
monly is used for these activities; however, the information
depicted on these maps is not current or does not reflect criti-
cal information. This is a problem particularly in the Wildland/
Urban interface for transportation and structures. A technique
was developed to update critical information depicted on a
DRG within a 24-hour period. The process uses the best avail-
able image source to capture this information and superimpose
it on the DRG. The more current data can be disseminated
using the Web or through overnight mail.

Terrain and Landscape Modeling of Potentially
Unstable Slopes, Green Mountain, Jefferson
County, Colorado

by Richard W. Spengler
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Seven terrain and landscape thematic layers, extracted
from a high resolution DEM and multispectral satellite imag-
ery, were analyzed and combined using a weighted overlay
approach to model locations of potentially unstable slopes
on Green Mountain, Jefferson County, Colorado. Selected
thematic layers include elevation, slope, Strahler stream order,
proximity to geologic contact, relative soil moisture, relative
surface temperature, and land cover.

Of the 78 mapped slope failures, 39 are interpreted as
active to intermediate in relative age. They commonly occur
(1) at elevations of less than 2,030 m, (2) on slopes that range
from 7 to 22 degrees, (3) within 75 m of stream channels with
high Strahler stream orders, (4) within 100 m of the basal
contact of the Green Mountain Conglomerate, (5) within
areas of high relative soil moisture, (6) within areas of low
relative surface temperatures, and (7) within areas of healthy
vegetation growth. Models that heavily weight thematic layers
derived from imagery provide more realistic representations of
the distribution and extent of potentially unstable slopes within
the Green Mountain area. Reflection and emission characteris-
tics of the terrain may provide important thematic components
for modeling potentially unstable slopes elsewhere along the
Front Range.
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Have you ever wanted to retrieve precipitation and tem-
perature data for an area of interest (AOI) but were put off by
what you had to go through to get it? Now there is an easier
way: the Climate Station Selector (CSS) extension to the
USGS’s GIS Weasel.

The CSS builds a list of National Weather Service and
NRCS SNOTEL stations in and around the AOI. The CSS
displays the AOI surrounded by six concentric buffers, up
to a distance of 95 km, and climate stations within the larg-
est buffered area. The CSS menu allows the user to change
station labeling to show attributes such as the station’s name,
the elevation, or the period of record. The user then chooses
the distance to buffer the AOIL The climate stations within
that buffer are extracted and described in an output file. This
file is used as input to a separate program, named DatPull,
which assembles data files for three time series (precipitation,
maximum temperature, and minimum temperature) for each
of the selected stations. The data are pulled from a database
containing daily data for 11,938 stations in the United States.
The DatPull program is available to USGS personnel on a per
request basis.
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The GIS Weasel-An Interface for the
Development of Spatial Parameters for Physical
Process Modeling
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The GIS Weasel is a GUI-driven tool that has been devel-
oped as an aid to modelers in the delineation, characterization,
and parameterization of Modeling Response Units (MRUs)
for use in distributed or lumped parameter physical process
models. The interface does not require user expertise in GIS.
The user does need knowledge of how the model will use
the output from the GIS Weasel. The GIS Weasel uses
Workstation ArcInfo 8.0.2 AML, as well as scripts and C
subroutines. The GIS Weasel will run on any platform that
Workstation ArcInfo runs.

The GIS Weasel requires, as input, an ArcInfo grid of
elevation. Tools are provided for defining an area of interest.
MRUs can be delineated according to one or a combination
of several methodologies including logical queries of topo-
graphic or nontopographic data, overlay analyses, and flow-
based associations. Menu interfaces and tools for examining
and modifying the MRU map and its attributes are provided.
Tools for version control and documentation are provided.
User-selected model parameters can be generated using MRU
attributes and their statistical measures. Output can be cre-
ated in several formats, including a columnar, space-delimited
ASCII file. More information is available at http://wwwbrr.
cr.usgs.gov/weasel.



28 Proceedings of the U.S. Geological Survey Fourth Biennial Geographic Information Science Workshop:

Denver, Colorado, April 23-27, 2001

GIS Education for Mapping Professionals
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Improving GIS literacy for employees in the geospatial
professions is increasingly critical to support the missions
of all science organizations. To better respond to customer
requirements, enhance current geographic research projects,
and provide for the future geospatial data needs of the Nation,
the USGS instituted a GIS training program in October 1998
at its Rocky Mountain Mapping Center (RMMC) in Denver,
Colorado. This program includes a diverse series of inhouse
and onsite classes, university coursework, and on-the-job
training in tools, analysis, and applications. Through this
program, any one of 350 employees can be internally certified
in three levels of GIS proficiency. Although this certifica-
tion carries no official status in industry or any other Federal
agency, it is considered by RMMC management as essential to
keep the work force current with the demands of the data-user
public and to support the overall strategic plan of the National
Mapping Discipline. Employees view this program as an
opportunity for development and career enhancement. This
presentation will examine strategies for designing a GIS train-
ing program in the organizational setting.

The National Hydrography Dataset
by Paul Wiese and Tommy Dewald
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The National Hydrography Dataset (NHD) is a geo-
graphic database that interconnects and uniquely identifies
the stream segments or “reaches” that comprise the nation’s
surface-water drainage system. It is based initially upon the
content of the USGS 1:100,000-scale DLG hydrography
data integrated with reach-related information from the
U.S. Environmental Protection Agency Reach File
Version 3.0 (RF3). More specifically, it contains reach codes
for networked features and isolated lakes, flow direction,
names, stream level, and centerline representations for areal
water bodies.

The NHD provides a national framework for assigning
reach addresses to water-related entities, such as industrial
dischargers, drinking water supplies, fish habitat areas, and
wild and scenic rivers. Reach addresses establish the loca-
tions of these entities relative to one another within the NHD
surface-water-drainage network in a manner similar to street
addresses. Once linked to the NHD by their reach addresses,
the upstream/downstream relations of these water-related enti-
ties and any associated information about them can be
analyzed using software tools ranging from spreadsheets to
GIS.

For more information on the National Hydrography Data-
set, see http://nhd.usgs.gov.

Kvector data—A coordinate-based data structure commonly
used to represent point, line, or polygon geographic features.
Each feature is represented as an ordered list of x and y vertex
locations.

Windows NT, Windows 2000—Computer operating systems
developed by Microsoft Corporation. Currently (2001) the
primary development platform for ESRI’s software products.



GLOSSRY OF SELECTED TERMS, ABBREVIATIONS, AND ACRONYMS USED IN ABSTRACTS

Glossary of Selected Terms,
Abbreviations, and Acro-
nyms Used in Abstracts

AML—Arc Macro Language. The native
programming language of Workstation
Arclnfo software by ESRI.

ArcIMS—Arc Internet Map Server software
by ESRI.

ArcInfo—Professional GIS software by ESRI.

ArcSDE—Arc Spatial Database Engine soft-
ware by ESRI.

ArcView—Desktop GIS software by ESRI.

BRD—Biological Resources Discipline of the
USGS

BIA—Bureau of Indian Affairs
BLM—Bureau of Land Management

CERT—USGS Central Energy Resources
Team

coverage—The basic unit of vector data stor-
age in ArcInfo. A coverage stores geographic
features and associated attributes.

DBMS—Data Base Management System:
computer software for storing tabular data

DEM—Digital Elevation Model. A USGS
digital data product composed of elevation
data for a given area in a digital file.

DFS—Microsoft Distributed File System. A
file system that allows access to data stored
on multiple networked systems through a
single drive letter. An option to Windows NT
4.0 and built into Windows 2000.

DG—Data General. A brand of computers
commonly used at one time by the USGS and
USEPA.

DLG—Digital Line Graph. A digital USGS
base-map vector dataset derived from USGS
topographic quadrangle sheets. Also, the
digital format standard for Digital Line Graph
datasets.

DOI—Department of the Interior

DOQ—Digital Orthophoto Quadrangle. A
USGS digital dataset derived from orthorecti-
fied photographic imagery that encompasses
one quadrangle.

DOQQ—Digital Orthophoto Quarter Quad-
rangle. A USGS digital dataset derived from
orthorectified photographic imagery that

encompasses one quarter of one quadrangle.

DRG—Digital Raster Graphic. A USGS digi-
tal dataset derived from USGS topographic
quadrangle maps.

DSS—Decision Support System.
EDC—EROS Data Center

EROS—Earth Resources Observation Sys-
tems

ESRI—Environmental Systems Research
Institute, Inc. A vendor of a variety of GIS
software products.

FGDC—Federal Geographic Data Committee
FWS—U.S. Fish and Wildlife Service
GD—Geologic Discipline of the USGS

GIS—Geographic Information Science or
Geographic Information System.

GIS Weasel—GIS Weasel is a graphical-
user-interface-driven modeling support tool
developed by the USGS.

GLIS—Global Land Information System. A
USGS geographic-information and product
distribution system developed by the USGS.
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GNIS—Geographic Names Information Sys-
tem. A USGS database system populated with
place names from USGS maps, developed by
the USGS.

GPS—Global Positioning System. A collec-
tion of satellites, ground control stations, and
receivers that allow for relatively precise and
instantaneous location at any point on the
earth.

grid or GRID—A cell-based geoprocessing
system for use with ArclInfo. Also, a geo-
graphic data model representing informa-
tion as an array of equally-sized square cells
arranged in rows and columns.

GUI—Graphical User Interface
IMS—Internet / Intranet Map Serving

INFO—A tabular DBMS used by Arclnfo to
store and manipulate feature attribute tables
and other related tables.

Kriging—One of a family of least-squares
statistical methods commonly used for fit-
ting a spatial surface to data. Conceptually,
kriging adds to least-squares a component
that accounts for spatial autocorrelation in
the data: Data closest to the location being
considered are given higher weights than data
further away, allowing departures from a flat
planar surface.

Landsat—A program developed by the
National Aeronautics and Space Adminis-
tration (NASA), and later by the National
Oceanic and Atmospheric Administration
(NOAA) and then USGS, to support the study
of land resources through satellite-based
imagery collection. Also, the names of the
satellites in the Landsat system.

LIDAR—Light (or LASER) Detection and
Ranging. A remote-sensing method for collec-
tion of elevation data.

metadata—Data about data. As used in this
document, metadata describe the creation,
use, and accessibility of digital geospatial
datasets.

MS—Microsoft Corporation

MSS—Multispectral Scanner. A specific
remote-sensing instrument that was deployed
on the Landsat satellite system between 1972
and 1992.

NED—National Elevation Dataset. A dataset
developed by the USGS to provide the best-
available-quality, high-spatial-resolution
elevation data for the United States.

NFS—Network File System

NHD—National Hydrography Dataset. A
dataset developed by the USGS and USEPA
to provide digital, hydrologically consistent
surface hydrography for the United States.

NLCD—National Land Cover Dataset

NMD—National Mapping Discipline of the
USGS

NPS—National Park Service

NRCS—Natural Resources Conservation Ser-
vice, formerly the Soils Conservation Service

OGC —Open GIS Consortium
RADAR—Radio Detection And Ranging

raster data—Data that are arranged in a regu-
larly spaced array of cells.

remote sensing—Acquiring information about
an object without contacting it physically.
Methods include aerial photography, RADAR,
and satellite imaging.

RDBMS—Relational Database Management
System

RMMC —Rocky Mountain Mapping Center
of the USGS National Mapping Discipline

RMSE—Root mean square error. The square
root of the mean of squared observed errors.
RMSE is common estimation of positional
error in geographic analysis.
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shapefile—The ESRI ArcView shapefile is a
simple, nontopological vector format for stor-
ing geometric location and attribute informa-
tion of geographic features. Also, a geospatial
dataset in this format.

SHOALS—Scanning Hydrographic Opera-
tional Airborne LIDAR Survey.

SDTS—Spatial Data Transfer Standard. A
digital format standard used by the USGS

to transfer vector data. Initially developed in
1994, SDTS is a newer format than DLG.

SNOTEL—NRCS Snow Telemetry
TM—Thematic Mapper. A specific remote-
sensing instrument that has been deployed on

the Landsat satellite system since 1982.

Topology—Spatial relations between adjoin-
ing geometric features.

UNIX—A computer operating system popular
in a server environment.

USDA-FS—U.S. Department of Agriculture
- Forest Service (also USFS)

USEPA—U.S. Environmental Protection
Agency (also EPA)

USGS—U.S. Geological Survey

VB—YVisual Basic. A programming language
developed by Microsoft Corporation (also,
more formally, MS VB).

VBA—Visual Basic for Applications. An
application-embedded programming language
developed by Microsoft Corporation.

vector data—A coordinate-based data struc-
ture commonly used to represent point, line,
or polygon geographic features. Each feature
is represented as an ordered list of x and y
vertex locations.

Windows NT, Windows 2000—Computer
operating systems developed by Microsoft
Corporation. Currently (2001) the primary
development platform for ESRI’s software
products.

WRD—Water Resources Discipline of the
USGS

WWW-—World Wide Web
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