
come if this opportunity is wasted. li'Ir. ChairIilC,n, you ma.y go
as far as you like in your Comm.ittee on 11ap Planning_ There
are plenty of good cc.pablo mon 'lio put through E,ny plan you
IilC-ke for accelernt ing the mn.pping of this country•.
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THE AERIAL :MAPPING PROGRAl.: OF THE SOIL ::ROSION SERVICE
by

Charles ~. Collier

The Soil Erosion Service ua.s esto.blished in the DG~~rtment

of the Interior shortly after Au~ust 25, 1933, for the purpose
of c.dministering Public Dorks funds uhich had been allotted to
tho control of nmn-inducod soil erosion. An initicl allotment
of $5,000,000 TICS mndo for the 'l-wrk, end from time to time nd
ditioncl allotments nave'been Ltdo, bringing tho total funds
available to $20,000.000.

The magnitude of tho problem uith which the 30il Erosion
Service is ctteDptinB to cope is indic2ted by the follouing
representative statistics relative to tho seriousness of erosion
ceused by illlproper methods of cUltiv~tion, forestry anrl'gr~zing,

end by mnn-induced fires: l.:ore tho.n 55,000,000 ncres of' agri
cultural lends heve clrendy been essentially dostroyed. Of the
o.pproximo.tely 413,000,000 c.cres non suscoptiblu to cUltivo.tion,
c..ll but less thc.n 150,000,000 ccros "flill. he-.ve been virtuc.lly .
end pormnnently destroyed or severely depleted within the noxt
fifty to seventy-fire YOQrs unless somG menns cen be found to
combc.t and control the erosion responsible. The annual direct
cost to the f~·.rmors of this destructive phenomenon is c.t lcnst
~400,000,000 in soil vc.lues wQshed QUUY. Inc~lculcble ~ddition
cl losses ere involved in the silting of reservoirs ~nd stre~m

ch~nnels, the abcndonmont of ferms, the impovorislli~ent of
entire regione~ populc.tions Qnd in other indirect effects.

Reservoirs arc silting at clcrminB r~tes. For oxrumplo,
the gre~t Eleph~nt Butte Reservoir ~ill be silted to 70% of
cnp~city uithin 60 yo~rs, nt the end of ~hich time the totrrl
TInter storQge nill be reduced to one yccr's drcught, end there
cfter irrignted l~nds undor tho projoct will hnve to be pro
gressivoly nbo.ndoned', until L""t the end 01' 93 yocrs the Roservoir
uill be completely filled ~nd the c~pccity reduced to zero.
Extensive graZing resources ~ro being ~lmost complotely destroyed.
Entil~ regions nro hoedod for virtu~l cbQndonment.

The progrcm of tho Soil Erosion Sorvice involves the est~b

lisbmont of n series of demonstretion uctersheds on cgriculturnl
l~nds ranging in cree from 50 to 300 squnro nilos, ~nd the undor
tC'king of control operations 011 c.pproxim.c..toly 24,500 sque-r.o.
miles of the No.v~jo Indio.n Roserv~tion and 22,000 squo.rc ~~lc5

in tho Gil~ and San Pedro nctcrshods in southern Arizona nnd Nen
Mexico. In each of thoseprojects, n stronuous attonpt is being
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modo to put into effect ~ comprehensive, nell-rounded progr~m

of land utilization ~nd erosion control uith mo~sures Qdapted
tQ the specific needs nnd ~d~"ptc..bilities of the lr:.nd.·. Arec..s
unsuitnble for c..griculture ere plcnted to grnss c..nd trees.
Proper crop'rot~tions ere instituted. Agricultural methods arc
reorganized. Overgrazing is controlled. Engineering structures
Duch as terraces, chock drums, etc. nrc built.

The method of procedure in ecch of these nrens is c..pproxi
motely ~s folIous:

(I) Detailed surveys ~re mnde cov~rinG tho type of soil,
the degree of erosion, the degree of slope, ~nd the type of
vegetation on every' portion of the crec •

. (2) On tho b::sis of these surveys, the lr.nd is clnssif ied
ns to the type of use to ~hich it cnn be put end e.s to the ch~r

c.cter of erosion-preventing procedures t."hich must be a.pplied.

(3) On 'the b~sis of the land clnssificntion, contrccts nre
entored into uith the ouners of priva.tel~ds under ~hich the
OYiIlerS a.gree to take out of cultiv:ation such lends c.s arc not
suitc.ble to cgriculture, to revise their ngriculturcl practices
in accordance with Soil Erosion Service recommendations and to
contribute such Inbor end mcteri~ls cs thev ~~ve Qvnilnble to
the uork uhich needs to be done. The SoilZrosion Service in its
turn undert~kos .to ~~ko ell necessary p~c..~s, to assist the co
opere. ting lrnd ounor in reorgnnizing his f::.rming prnctices, to
furnish certnin seods for the plnnting of lr.-.nds retired from cul
tiv~tion to erosion-resisting crops nnd for ostablishing crop
r~,tions, and to ~ssist in carrying out the necessc.ry erosion con
trol "7orks through the contribution of k'.bor, ma.teri~ls Qnd engi
neering supervision. In tho ccse of undcrtr.kings on public L2nds
or Indian Reservctions, thore is no necessity of entering into
contrncts c..nd th,e ','fork is cc.rried out entirely c.t 'Federal eJ..."J)cnsc.

Very early in the program, it became evident tha.t adequa.te
detailed, large-scale maps TIere essential to the necessc..ry sur
vey and planning procedures. Such maps TIere not evailnblo for
any area uhere uork Bas undertaken. The best existing mcps TIere

. U.S. Geologiccl Survey topographic ma.ps \7hich \,ere far too
generalized to be sntisf~ctory. In the TIcst, large areas of the
Navajo Indian Reserv~tion uere prncticclly unexplored, and the
only avcilnblo maps ~erc extremely small in sec..le end mecger in
detail. After considerable investigction, it UQS deCided th~t

the chca.pest, quickest end most sntisfnctory method of obtGining
tho needed maps 'tIc.S by menns of aerial surveys.

In tho East, dctnilod maps \7Cre needed \71 th a scc.Ic of c..t
least l:c,OOO. It ~QS decided that r~thcr thc..n construct lcrge
sccle line maps, tho nctuc..l photographs enlGrged to tho proper
scale uould be used. The initicl projocts uere mc.~ped at· c. fly
ing sccle of c.pproximc, tely I: 20, 000. I'.~osaics uerc then construc
ted and divided by Q superimposed grid. Each section of the grid
\-:c.s then enlc.rged onto n. celluloid negat i ve c..t tho fine.l sCQle •
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From the celluloid neg~tive, cont~ct photogr2phic prints uere
m~de for field usc, as ~lso ~ere blue prints .~ere m~ny copies
VIoro needed.

The initial method of aerinl mapping described above proved
unsatisfactory for Q number of rensons. First of nIl, the in
evitable mismatches in the mosnic, r.hich at the scclo of 1:6,000
rTOre greatly enlo.rged, interfered \7i th mapping in the field and
\7er0 n source of continuous and crippling Qnnoy~nce to engineers
llho ....:ere unfamilinr uith tho limi tntions of the D10thod. Second
ly, the process of mosaic preparation und enl~rgement from the
mosaic resulted in the loss of ossenticl detail.

As n result of these inadequacies, the initicl method uns
nbnndonod, end since thon direct cnlcrgemonts from the neria~

negQtives have boon used, rather th~n enlargemonts from the mosaic.
E~ch project is furnished fivo sets of these enlargements from
clternnto negntives. The prints are used ae plano table sheets
in the field und have proved to be highly so.tisf~ctory. Inas
much as the lend clnssiflcction uork being done involves Q com
promise betuoen mnny factors and because of the compleXities in
volved, it is in gencrcl not accurate uithin limits of less than
5% to 8%. The displacement errors occurring in the photographs
have not been sufficiently serious to ccuse trouble.

The mapping needs on the Nuvejo Indian Reservation differed
considerably from those on the ngricultural regions of the East.
Here maps of a much smeller sc~le could be used. Furthermoro,
the aree to be covered TIUS so tremendous and the existing mcps
so incdequcte.that individual photographs could not be used satis
factorily and it pcs essential that an assembled mnp be compiled.
After some stUdy it pas decided to fly the area ct a sccle of
1:31,680 or larger ~nd to assemble the photographs into a single
mosaic on 0. polyconic projection to be reproduced in units of
fifteen minute quadrangles. Accordingly, bids uere cdvcrtised
for, on the basis of ~hich 0. contract uns a~o.rded to the Feir
child Aerial Survey Corporation of Los Angeles.

The methods used in mc.king tho survey have been as follo~s:

(1) Five control strips TIcre floun east and Dest nt intcr
vo..ls of o.pproximately 40 miles.

(2) Triangulation control points ~ere esto..blished nocr the
ends o..nd the middle of each control strip.

(3) From the tric.ngulat ion sta.tions, control \lO.S run east
and ~est c.long the control strips by means of carefUlly udjusted .
radic.l control plots.

(4) The 8.ctuel photographs from uhich tho mosaic Uc.s cs- :
sembled uere flo"t"m due north nnd south ui th n .Zeiss Topographic
four-lens mapping co..mera. From the four untrcnsformed negatives
for each picture rlere then made four positive gluss plates.
These four gla.ss plc.tes Y;ere then inserted in Q spccic.lly con-

('

l



1

1-

, .
<

- 9

structed trcnsfor.ming cpp~rctus ~nd tr~nsformed to ~ single
composite n9gntive. From this composite neg~tive, contcct prints
9.8 inchos by 9.8 inches nere m~d8, in nll essential respects
the equivalent of single lens contact prints.

(5) From the transformed compos'i te four li:ms print s, f'. com
plete rndicl control nct~ork ~cs run north end south bot~ecn the
control strips.

(6) On the resultant r~di~l control net, the component
prints ~f the mos~ic TIerc'laid, overy print being rctioed to the
best ~vcrnge scnle and corrected to compensate for errors intro
~uced by the mc~n slope of tho ground.

(7) As quickly as the respective parts of the mosaic TIere
completeq, they uere reproduced on glnss neg~tives ct n scnle of
one inch equals one mile. Znch of these neg~tives ~ere c~re

fUlly ble~ded to olimincte tone differenco between the component
prints of the ~osnic and ~re used for projecting the reproduc
tions of the ,mosaic t'.t o.ny desired scnle [md for DlC'..king con·~c.ct

prints thoreof.

The moscic mnps rQsulting from tho above procedure have
proved to be highly sctisfnctory. The errors arc for nIl pr~c

ticel purposes limited to displacement errors ~ithin individual
prints cnd arc not SUfficiently lr..rge to interfere 1':1 th tho usc
for -r;;hich tho mQ!ps c.re designed. ,The quc.drc.nglc sheets nrc used
oxtensively in the field for the c.ssembling of'erosion dntQ and
for the preparation of soil surveys, veget~tion surveys, etc ••.
It is contemplcted thc.t tho entire edition of fifteen minute
quadrangles uill be roproduced by belf-tone processes, TIith ell
drainage accentuated, and ~ith roeds, culture and plcce nemes
super~~osed in n second color.

1

The Navajo survoy proved such a success thnt it has been de
ci ded to extend thi s cho.rc.ctcr 'or nork to ~~ll of the Yiestern
grnzing creas on nhich tho Soil' 3rosion Service sots up projects.
Thus) on the Gila River 2nd San Pedro ~Qtershcds \;here nork ~QS

recently undertaken, the first stop vas to advertise for bids on
the type of survey described C',boVG. The contra.ct t;c.s c.go.in
nuarded to the Fa.irchild Aeri~l Survey Corporation on tho bcsis
of competitive bids. . ,

It is hoped that tho Soil Erosion Service progrcm nill bo
eventually expanded to cover 0.11 lands in the United States sub
ject to erosion. This eventually uill hnve to be done if lc.rge
regions arc to bo saved from impovorishment cnd virtuel nb0ndon
:ment.. When tho nork is so extended, a.eric.l surveys nill be made
of ell cre~s upon nhich ~ork is ca.rried out. This moc.ns, for
example, thct lc.rgo additional regions of the graZing lc.nds in
the Hest liill probabl~ be n1.'1pped by methods- similnr to thoso
used ,on the Navajo Reservation. In tho E~st, large areas uill
be mapped by methods similar to those ~lrec.dy being utilized,
~lthough of course, new developments in nericl mapping may con~
siderably modify the details of procedure.



- 10-

One ph~se of the Soil Erosion Service mapping program not
referred to above reletes to the construction of contour m~ps.

The photographs t~ken of the NnvQjo survey are adaptnble for
use in the Stereoplanigrnph for the construction of such mnps.
At the time of issuing the c.dvertisement, it \70.S not knmm
uhether any such contour maps uould be needed. Houever, it
developed that such Q map uas necessary to the functioning of
the Mexican Springs Experiment Station, just north of Gcllup,
Ner. Mexico, r.hich is uorking on detailed scientific studies
covering n uatershed of somo 128 square miles. This m~p u~s re
cently completed and is discussed in ]·,ir. Loon T. Elicl's article
in this issue of "Nens Notes".

THE STEREOPLANIGRAPH_._- by

Leon T. Eliel

(Paper presented at meeting of the Society on October 23, 1934)

Any photogr~etric machine such as the Stereoplanigrnph
is merely tho mech~nicQl menns for recording ~hQt the eye sees,
ubat the brain conceives, and directs the hands to perform.
The mnchi~e is designed around these human fectors ~nd c proper
evaluation of the m~chine must have roots in n thorough under
standing of the S0 huma.n element s.

On first thought, the stereoscopic function of the eyes
seems qUite apparent. Obviously, Ue think tho closer an ob
ject, the grenter the convergence of the eye axes. This"ue
cssume, is interpreted by our brain in terms of reletive dis
ta.nce.

It is commonly believed that r.hen using n stereoscope, on
object appears at the point of intersection of the eye axes.
Diagrams illustrating this phenomenon nre plentiful throughout
the literature on this SUbject.

That this situation is much more complicated than suggested
by these random thoughts is at once brought home to us when we
see a trained stereoscopic observer View a pair of pictures with
out a stereoscope under conditions where the axes of the eyes ac
tually diverge 10 or 15 degrees. ~1here, now, does this observer
see his apparent stereoscopic image? If our first theory were
correct, the imagine ~ould appear to be behind him. This, we
know, is not true. It is therefore safe to assume that stereo
scopic vision is a much more complicated subject than appears
from casual inspection.

When the axes of the observer's eyes are diverging, one of
two things must be occurring to enable him to see stereoscopical
ly. Either the brain is exercising some marvelous interpretive
power qUite beyond our comprehension, or what is more probable,
the lens of the eye is Willfully distorting into a prismatic
shape. The latter assumption seems borne out by the fact that
ability to view pictures stereoscopically with divergent eye
axes is greatly enhanced with practice. Furthermore~ this ability

. ,


