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Oe:/etopment of aLand Cover Map for l.os Alamos National Laboratory and Vicinity 
Sleven W. Kcch". Thomas J( Budge", RJjncty Sa/ice· 
"ECOIOQv Croup. L.M. AIlIn'IOI NatIOMll..lltiOnltoly
-Earm Data AtIa/ysII c.m.,. u~ d New MaICo. ~. NM 

Abstract 
The Los Alamos National Labor:Hory's (LA..\'L) Threatened and Endangered 

Speci~ (TES) Habitat Management Pbn Cllls for identifying areas on LA.'''L 
property that arc suitable or potentially suitable habitat forTES. The production 
of a land cover map wao; the fll'St step toward meeting thi.~ goal. A 1992 Landsat 
thematic: mapper image was classified into 30 classes using the Iterative Self
Org:lnizing Data Analysis. Technique. These 30 clas.\CS were aggregated into 10 
land cover typeS through field surveys. aerial photo interpretation. and the 
ineorporntion of topographic information. The resulting cover typeS include 
major vegetational zones and physiognomic types that 3te impor".3.t1t to the 
distribution and abundances of sever:1l TES. The final land cover map h.l.~ been 
integr.ued into an ARCIL''FO geographic infonnntion system. along with habitat 
critcria and other environmental and biological data. 

'.0 Introduction 
The Lo~Alamos National I..abor::ltory's 

(LA.'fL) Threatened :md Endangered Species ( 
(rES) Habitat M:..nagement Plan (HMP) c:llls 
for identifying ~ on I..A.'''L property that 
are suitable or potentially suitable habitat for 
TES. A b:.L"iic land cover m:lp identifying 
area.~ by the dominant overstory vegetation 
was developed in order to begin locating this 
habit3.t. Addition:tl data specific to each 
species :u'e then incorporated to identify 
species habitat. 

In early 1996, a decision was made to u.~ 
Land....:tt thematic mapper (TM) satellite 
imagery as the basis data for the land cover 
map. Of the various typeS of temorely-sensed 
data a.vailable for mapping the earth's vegc~· 
tion. TM da~ is particularly suitable as it (l) 
is digitJ.l data:. (2) has a high signal-co-noise 
ratio: (3) has high cartographic accuracy: and 
(4) bas. a high precision of radiomcaic d.ara 
(Scott et 31, 1993). T:M!oCnSOrs detect re
flected roclliltion from the e:l.rth"s surface in the

( 

visible and infrared (IR) wavelengths. The 
TM sensor ha.~ a spatial resolution of' 28.5 m 
(94 ft) for the visible. near-IR., and rnid..IR 
wavelength.co ::md a spatial resolution of l~O m 
(396 ft) for the tbermal-lR band. n,1 satellite 
data is widely u~d for producing land cover 
maps, 

,., GeographicSettfng 
LA.'1L and the a.,,-~ted residential :u'c:3S 

of Los Alamos and 'White Rock are locued in 
Los Alamos County. in aortb-eentr:t.l. New 
Mexico. approximaIely 100 Jan (60 m.i) north
northeast ofAlbuquerque and 4{) km (25 mi) 
northwest ofSanta Fe. The lll-k:m: (43·mi=) 
L:1boratory site is situated on the Paj:uito 
PL:ue:w. This pbteau consists. ofa series or 
finger-like mesas separated by deep C3St-to
west-oriented c:myons cut by intermittent 
streamS. Mesa tops r:mgc in clev:uion from 
approximately 2400 m (7800 ft) on the fl.3nks. 
of the 1emez Mountains to about 1900 m 
(6200 ft) at their e:J.Stem termin.:ltion above the 
Rio Gt:mde. :MostLabor:l1Oty a.o<1 eommuni:y 

, 

http:wavelength.co


developments are confined to IDCS3 tops:. The 
surrounding l:md is largely undeveloped.. and 
l.:1rgetr3CtSoCbnd north. wesr. and south of 
the L:t.boratory site an: hc1d by theSanCl Fe ' 
Natioaal Forest. Bure:m ofLand M:magemenr.. 
Bandelier N.:ttion.:U Monument. Gcner.ll 
Services Administ::ltion. and Los Alamos 
County. The Pueblo ofSan Ddefonso borders. 
the L:1bot:l.tory to the e:lSt 

The an:a.sclccted forlhis map ~tends 
beyond the I..3bor:uory boundaries 12.5 Ian (8 
mi) to·the wesc.. l2 km (7.4 mil to the nor.b. 
6.41cm (4 mil to the ClSt.:utd 6.6 Ian (4.L mi) 
to the south (Figure J). These boundaries 
corn::spond to the following United Stltes 
Cieolagic:ll Survey (USGS) 70S-minute quad
r:sngles: Valle Toledo. (iU3je MounCtin. Puye. 
Bland. Frijoles.. and White Rock. and the 
northern halvcs..ofquadr.mgles ean~ 
Cochiti Dam. and Montoso Pe3k. The: highest 
peaks. in I:b.is area rench up to·33SO m (11.000 
ft) and the lowest elevations at the Rio Gr:mdc 
an: l600'm (5250 ft). 

2.0 Methods 
Preliminary da.tI. analysis. W:1S conducted at 

the £uth 03Cl Aoalysis Center (E,DAC) of the: 
University oCNcw Mexico. The QW TM 
images were processed using the: software 
ERDAS IM'AG'L''E. Vel: 8.,2. on.a Sun 
Spa."CScuion 20. Furtheranalysis· w:IS con
ducted at the Ecology Group (ESH..20) of 
LA.~on an HP9000 series735 workstuion 
usingESRIARCIL'a"FO. vcr. 7.0.4. 

2.1 Geocorrection 
Two·LandsatTM ~te irS".agcs. were 

xquired in order to covcrtbe entire study 
.tU'C':L. 1beCIStCnl image: was collected by 
L:lndsat on AUgust 15. 1992.3nd the wesrem 
image: W3S coUcctcd on September7 .. 1992. 
EDAC geocorrected. orregistered. both 
i.auges. to the USGS 1:100.000 base Dtlp ro·an 
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accuracy ofapproximately onc pixel (about 
28.5 by 28.5 meters [94 by 94. It}). The 
geocorrection process consisted of identifying 
weU-mnppcd locations on the base map. such 
as road intcrseetions. and digitizing their 
coordinrues. ibc coordinrue system used was 
univers:d tr.lDS'Verse mercator (UTM) projec. 
tion. zone l3. Oark lS66 spberoicl North 
American Datum of 1927 (NAD27). The line 
and column afche matdrlng satellite image 
pixels wen: also obtlincd. and the setS of 
coord.inatc pairs were entered into the com... 
puter. The EROASsoClWare then evaluated 
the fir: ofthe coordil'l3te m:l.tcb and provided 
the results :IS a root-mean-sqU3tC (R..\1S) fit in 
pixel units. &c:h coordinate pair W3S ev:uup 

ated for tbcir fir. the- worst pair ?las deleted. 
and the R.\fS fitW3S-C3h:uJalcd again. The 
process was repc:atcc1 until each coordinate 
pair was fit to within twO pixels. 

EDAC n:projccted the-classified image: 
from U1"M. NAD27. to StlfA: Plane. NAnSJ. I 
so that thec:m:ogr:lphic data avaibble at 

\ 

LA..''L could be used. 

2.2 Contrast Matching 
After the geocom:ction was completed,. 

the two images wen: contr.1St marched. Even 
though the 3Cqwsition dates were only tbn:c 
weeks apart. then: were minorcontrast differ· 
ences due to subcle cb3nges in vegetation 
greenness.. in aanospheric conditions. 3nd in 
sarcllite viewing angle. Sin(e the western 
image occupied the majority of the study area. 
the e:lStenl iDl3ge was matched to it. When 
the two images were joined together into a 
single image. the scam between. the twO was 
virtually invisible. 

2.3 Claaiftcatlon 
The specual information was rust grouped 

into similarclasses. and then these classes 
were :l.SSigned to appropri:uc land cover 
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Figarc 1. The 3J'Q that is included on the land covc:rm:q:>. 
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1 _,," • c:ucgoricsbasedoa. d:lra.coUcct£d on. me 
ground.. Thisda:ssit'iCllion methcd iscalled 
UDSUperviscd c:lauiiiClliOo. and the llerarive . 

. Sdf..orpiizing OaJ:..AaalysisTeclmique . 
(lSODATAHERDAS 1994) wasuscd to ' 

, group tbespcdr.1I information into 30 cbsscs. 
Before this.procedure w:JSexecnted. dcvcl.." 
opedarQS in the tOWDSofLosAlamosand 
'\Vhire Rock:mel on me Uhol'3lOry WCfC' 

m:tSkcd ourofthe image.. 'l"'bcseareas were 
. ..... '. identified. &omaerial orthopbotograpbs by 

. ESH-20~-Eliminatingthe spcar.a1 iDform:1EioD. 
COftuibU1eCl to the1M image by developed. 
:m::asimprevcs theclassification by the ' 
ISODATAproccdure. 1'hin.y coloecl~ 

'" '. werechosen bcc:IIl5e it is J.qecnough. to 
· .. , . provide 3. good bre3kdown ofdifferingvegetl

", tion without bdDgso large tb3t fidel cbC:Icing 
the classes isovawbcJming.. For-this d:tssi.fi.... 
Cltion.. sixof'tbe sc:vcn 'I).{spccaal cbannds 

. were used.. 1.'becomeresolution. tbet'm3l 
. , band waSexcluded. However. a normalized. 
'vegeQlion difference image ~"VDO was used. 
in itspbce The l'I'VO[is essentially a .Clao of ' 
T:Mband4 dividedbyTMbmd3. . 

, Aft.erthe~-pecttal information was.grouped.' 
','"' . ~, inlo the30 c.bsscs.. homogenous polygons . 

from exliclass were scJectcd as.gmuDd- . 
tJ:'Ulb.iftg plocs. Fielel'crews.were sent to those ' . . 

"'.'. sites wbich were large enough lO-be easily 
, " :' .~, 

.' loarcd in the field and were fairlyaccessible. 
"I'he~coUcaecl such floristic information 

. ' ". :as. overs1Ocy.:undc:story..shrub. grass..:ancl forb .. ' .. .,. 

.. '. ,..:' spccics.typcs:and pc:ccnr:covcrs.Mostsitcs ; , 
· " v.;ere also-Joc:w:d usinga.geogr.apbicposition.. 

ingsystem. «(iPS) ft:Ceiva: Ba:ied. 00. this ' 
,dam...cachsire wasassigned to ODe of rca: land , 

. \. , cover types. Problems:wirh GPS and other 
dal:acoUeaedmfuccd:tbenumberoCUscable 

, sites to-128. Fonunarcly.. a similardar.asct 
conl3.iniDg 3SO'pointsW3S aVailable for ' 
Frijoles.Canycm in BandelierNalioD3l Monu

" mcnr.CraigAllcn.c:um:ntly oftbc USGS
.', .. '. 

· ",'" .," 

"', '" . 

. . . 
.- , 

.. f,· 

Biologjal Resources Division. kindly c:onaib

utcd his dacIset. Table 1sbows the cross-- • 

tlbubDon between specual color-classes and . 

ten land cover I:ypes.. Hal!oftbcse 4;8 points

were used as the o:UniDgdaIasct.. with the 

ocher baltbc1d back ior-accumcy assessment. 

Aerial orrhopb()(ograpbs' were examined in 

ordcrto-clarify ambiguous color classes. 


3.0 fIIIu.... 
Table 2 showsQec:orn:spondence be .. 

.tween me .30 colorcb.sscs and cightofI.bc: ten 

land. COVel" typeS.. The Sluub and Spruce 
categOries were dropped from me land cover 
becwsetbedata and proccssiDg failed to 
de:arly distinguish these cover typeS from the 
ochers.. SbmblandsiD this.n:gion tend to be' 
smallacd palCbily distributed. They generally 
occur as 3. result ofa disturbance.. such :IS fare 
ormecb:tnica1 clearing. beDce their p3.tCby' . 
nar.urc.. MostoftbC'pixels cbssified as,color . 
dass 1wc= shadows-and a minority were 
xr.uaIly w:aErX EDAC rc-r.m me: ISODATA 
procedure on claSs rand bn:>kt: our Iht Rio - . 
Gl'3.l'lde from the SWl"OWlding shadows. 

T3ble 3 list:s the a:e.:U extent ofcxb cover 
cypc: on ~'Lpropcny. LA.."'-'L is.dominatcd. 
by pifton·jumperwoodlands and ponderosa 
pine forest. The influence ofmicroc1ir:.late on . 
vcgeCltion em besccn iD the strings ofmixed 

' 

conifer (on:st numiugdown canyons along 
their north-facing slopes. 

3.1 Land CovetTypes 
In Sallceet a.L (1997) me Land cover typeS 

an: described in detail. They arc summarized 
in tbis.sectiOD. Ingeneral., the mappiDg 
. classes can be subdivided inLO those that 
com:spolld to the major-eJcvarional and 
clima1:ic:pentofthe region and those that 
correspond to cdaplUc;. topographic. or mois.. 
wrc crircri3. 

t 
".,
", 
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TabJe 1. Numher fPIOIS," each c ,. dth C "ColOass. 
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COL.Oft Cl.A$S 

COV~R 
TYPeS 

, 
6 3 '" ~ 0 1 a iii '0 '1 12 '3 ,'" ,~ 1$ 17 '8 

,,, 20F 22123 r2" ~ 2'G 21 ~aF IJO 
suu 

ASP!:.N , 1 3 I 5 
UNvEG I :2 <l 1 J 1 

0 
GRASS , 2 , , .. , , 21 :. ;, , 1 

7.!_ 
..IUNIP~R 2 oJ 'I '" .2 

10 
Muc.CON e ~ 13 ,~ 11 '2 J 1 , 3 , 
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1 '" 1& 
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I"
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T~te 2. CoverType Assignment to Each ColorOass. 

COLOR 
CLASS 

1 

2-8 

9 


10.,.5 

'45,18. '9 


21.22. 24, 2S 

17.23,30 
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ASSIGNEe 
COVER 
iVPE 

'NJte1'lSnac:ows 
Mbred Conifer 


Aspen 

PonderOsa Pine 

PIfton.J unlper 

Plfton..Junlper 

UfI'VItOetale<:l 


Juttiper Savanna 

CrauIancI 

Mtxec Conifer 
Aspen 
Ponderosa Pine 
Plfton-Junlper 
Juniper Savanna 
Grass1ands 
water 
Unvegetated 
Oevelopeod 
Shaclows 

(
, SUMS 

~ 

3.11 
0.17 

29.27 
~.20 
3.74 
8.57 
0.10 
e.ec 
3.153 
0.51 

l~.OO 
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The elev3tionaJ gr:ldient in the ~"L 
regiOIl cnCOmp3SSeS five veg=tion31 cover 
types th3t reflect the associ3red dw2ges in 
c1ilItlticconditioas.. Thc:secover typeS are 
defined by theirdominant =espccies:md by 
tbcirsu-..1CtUr31 c:bar.lc:tcristc:sas. follows: 
juniperS3V3Cl1aS. pmoll-junipcrwooc:ibnds.. 
ponderosa pine !on:srs.. mixed. coniferfotcSts. 
:md spruce-Cll" fores:s.. In contr.J.St.. aspen 
forests.. gr:sssl:mds. s."l.rublands,. open water. 
and unveget:lICd.1ands are not pr.im3rily 
ia.tlucnced. by elcv:Uiona1.:md c1im:uic gradi
C2ns.. Instead they are contrOlled by topo
gr.sphic fc:tturcs. soils :u:dgeologic condi
tions..:md moisturelevels. 

JunipgSlV3Dna.~.. Landscapes310ng the Rio 
Ot:lnde from Frijoles CanYOIl (1634 In. 5360 
tt) to Otowi. Bridge (1681 at. 5513 it) ::are 
primarily veget:Ued. by thejunipersav:uma. 
covcrtypc. JuniperS3v:wt'l communities also 
e:acl(hpproxim:w:ly to 1768 m (5800 ft) in 
the boUOI'l'lS of~jac:cntcanyons.. One-sccd. 
juniper(Junipm;d~) is. typicilly 
the:only ovcrstOry species in theJUDiper 
sa.v:mn3.. Cmopy coverage (orchis species 
typic:illy r.mges between 10 and 30 percent. 
Non (Pima ~duIis) m:ly also be pn:scnt as 
scmcn:d iaCiviCuals.. 

PiDon-junips:twoqd1as. AJchough pinon... 
juniperwoodlands c:m c:xtcnd10 as low as 
1650 m (SSOO it) on protcered. topogr:lpbic 
positioas. tbey 31'e the dorninaat. upland 
community type between 1740 3.Qd2100 m 
(SSOO ::md 7000 1%) in cJev3tion (Balicc ctal. 
(997). 'They also em be found 3s.high as. 
2160 m(7200 it) on soum-f.aclngexposures. 
Thedomi.a:mt tn!e species in pmoo-juniper 
woodlands are oae-sccdjuniperorpmon. 

Pood(mSl Pine: forests. Pooderosa pine forests 
CXlCld to as low as 1860 m (6"...00 ft) in some 
of the protcacd c:myoas in me LA..'''L n:gion. 

At these lowercxtremitics ponderosa pine 
(orcsts-intcrgr.1dc with pinon-juniper wood
1311ds. On the mesas :.nd dlc-Iowerslopcs of 
the Siem. de los Valles. ponderosa pine (ores~ 
extend to 2340 m (7800 ft) in elevation. They 
may also be found at higher elevations. up to 
2610 m(8700 tt).. on steep. south-f:u:ing 
slopes. Ponderosa pme (Pinus potUkrosa) is 
the domin3nt tn:e species throughout the 
ponderosa pine cover type. One·scedjuniper 
aDd pinon may also be present.. potr~c:uJatly at 
lower e.levaaons. At higberelev:ttions. Dou
gI3s 6r(Puudorsuga IMtdaii'J 3Ild Rocky 
MountLin jun.iper(Juniperus scopuJorum) can 
be found in ponderosa pille forests. 

Mixeg ~Diw: (g13::US. Mixed c!Jnifer (Otcsts 
begin :as inte:grades with ponderosa pine 
communities.:md as stringers on north :lSpectS 
of the Clnyons above 2070 m (6900 ft) in 
e.lcvaaoll. "Ibcsecommunities continue to the 
highest elev3tions of the Sien"3S. 3149 m 
(10.496 it). DousJas r.tr:md white 6r(Abia 
aMColor) arc the typical ovcrsrory dominants 
in mixed.conifc forests. Atelcv:ltions 3bove 
2;00 m(9000 it). Eogclmmm spruce (Pic~a 
mg~lmanni.i) becomes mon: importa.nt. Pon
dc:os3 pineand aspen (Popuhis ~muloid~s) 
an: also typiC3lIy p~t. Umber pine (Pinus 
j1a:i1is) em 3lso be found in mixed conifer 
forests. especially Oil rod..-y ridgcline posi
tions. 

Aspen forests. Aspen communities a.rc com
mon at mid-cIcv::uions in the: mounClins- They 
range in elevation !%om 3pproximatcly 2700 to 
3030 m (8900 to 9950 ft). Below 2820 m 
(~...so ft). aspen sQ."lds occupy north :md 
northeast aspects. wbere3S-3bove this eICV3
cion they 31'e mostly found on SOUthe3St- to 
southwcst-f..:ingpositioas.. Aspen is the 
dominant tree species in these fon::slS. At 
bigherelevations 3Dd on southerly aspectS. 
aspen typic:Uly exceeds 4S percellt cover:lge 
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and· may be the only species present in the 
overstory. At lower elevations and on north· 
erly aspects. white (If. Engelm:um spruce. and 
DouglllS rtf may collectively contribute up to 
30 percent of the overstory cover:lge. De· 
pending on the fire history ofme specific 
stand. other tree species. such :l..~ pondero~ 

pine and limber pine. may be common or i.U'e. 

Q~Sljlj)d. The vegetation in this cover type 
is domin:lted by gr3Sses. gl'as..~lilce plants. or 
by species that dominate in disturbed areas. 
Forbs and other nonsbrubby specics may be 
dominant components of these communities. 
Shrubs and trees are absent or r:u'e. The 
gr:lSSland cover type consisl" ofa wide ra.,ge 
ofcommunities. including successional field..~ 
that are undergoing post-rue revegemtion. 
abandoned homestead are.:lS. mont:U1e mC3d· 
ows. and subalpine grasslands. 

Open WjlltC. This cover type includes all land 

(-. that is :at least periodically flooded or is open 
watet. In the wetteSt of these sites. the vegeta
tion cover is limited to plant species th:1t 
require or prefer wet soil conditions. In 
general. these cover typeS :IlC marshes. lakes. 
rivers. and StreruTl.~. 

Unv,=-tilted land. This land cover type 
consists of all undeveloped l:lnd th.:l.t is cov
erccl by less than 7 percent vegetation. Land. 
surfaces an: dominated by cobbl~ boulders. 
bedrock. or bare ground. This inclucle5. tuf.. 
faceou.c;. cliffs. basalt cliffs.. felsenmeers. and 
basalt t:1lus. 

4.0 Conclusions 
A land. cover map is an cs.c;ential compo. 

nent to managing TES :at LA..'lL. For ex
ample. a.rca..~ containing mixed conifer arc 
important to Mexican spotted owls (Strlx 
occidm:o.lus lu.cida). This map is one input to 
3. model which attempts to pn:dic:t the location 

--. .... 
... 
.. 
-... 
, 
, ...of habiQt suitable for Mwc:an spotted owls.. 

..Models for peregrine falcon (Falco .... 
ptl'tgrinus) and bald e:1g1e (HaIiat!t!tus 

.. --"/JJ.ecoc~phtJlU$) will also be developed. The 
~.' 

map's utility is not restricted to TES ma.n.:lge- -•ment. FU'e mnnngement pl:mning is using the 
map to distingui.';b forested from non·forested 
areas and guiding decisioos On bow many 
man·hours and how many doUal's. will be: 
required to meet fire management goals.. 
Environmental restor:ltion projects are using 
the mnp in models on cont:l.n'1in3.nt transport 
and cleanup. 

4.1 Future Plans 
Within the next few months,. the different 

versions of this map will be evalu.;ucd. for 
acCtlr.1CY using error matrices as. describe by 
Congalton (1991). The outcome of this 
a.'iscs.~ment will help us detennine if ftltering 
out the small habittt regions improved the 
map. We will also OISSCSS the inclusioD ofa 
shrubland Qtegory. A brgc pattiOIl of the 
study area. burned in 1996. but this. map does 
not reflect this change in covet' since the 
salellile imagery was acquired in 1992. The 
burned an:a will need to be updated. 

4.2 Availability 
The m~"t recent version of the Land cover 

map can be acquired from the principal author. 
It is in ArcInfo export fon:I:l.3.t. as either a grid 
or polygoo coverage. 
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