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comc if this opportunity is wastcd. MNMr. Cheirmen, you may go
as far as you like in your Committec on lap Planning. There
arc plenty of good capable men +to put through cny plam you
me ke for aceelecrating the mapping of this country.

~000-

THE AERIAI, MAPPING PROGRAL. OF THZ SOIL FROSION SERVICE
by
Charles I, Collier

The Soil Erosion Scrvice was csteblished in thc Dcepartment
of thc Interior shortly after Auust 25, 1933, for thc purposc
of cdministering Public VYorks funds which had been allotted to
the control of man-induced soil erosion., An initicl allotment
of $5,000,000 wes made for the work, cnd from time to time ad-
ditioncl cllotments hove been nicde, bringing the total funds
available to $20,000,000,

The mognitude of the problcem with which the 30il Erosion
Service is attempting to copc is indicated by the following
represcntative statistics rclative to the seriousncss of ecrosion
ccused by improper mcthods of cultivation, forestry and grazing,
end by man-induced fires: lore than 35,000,000 ccrecs of agri-
cultural lands hove clready been cssenticlly destroycd. Of the
cpproximatcly 413,000,000 cecres now susceptiblc to cultivetion,
2ll but less than 150,000,000 ceres will hove boen virtuslly
end permencntly destroycd or severcly depleted within the next
fifty to seventy-firc yoors unless some meons can be found to o
combct and control thc crosion responsible, The annucl dircct
cost to the f-rmers of this dcstructive phonomenon is ot lcast
400,000,000 in soil vclues washed nway. Inccleuloble addition-
el losscs are involved in the silfing of reservoirs cnd strenm
chonnels, the abondonment of farms, the impovcrishment of
cntirce rcgionel populctions and in other indircct cffcets,

Reservoirs are silting at clerming rates., For cxample,
the great Elcphant Buttc Reservoir will bec siltcd to 70% of
capreity within 60 yecrs, at the ond of which time the total
water storacge will be reduced to onc ycar's drcught, end there-
efter irrigated 1lomds undcr the projcet will have to be pro-
gressively abandoned, until a2t thc cend of 93 ycars the Reservoir
will be complctely filled ond the eapacity recduccd to zero.
Extensive grazing rosourccs are being clmost completely destroycd.
Entire rogions arc hecded for virtucl cbondonment.

The progrcm of the Soil Erosion Scervice involves the cstob-
lishment of o scrics of demonstration watersheds on agricultural
londs ronging in arec from 50 to 300 square niles, cnd the under-
toking of control operations on approximeicly 24,500 squcre.
miles of the Nave jo Indian Reservotion and 22,000 squarc miles
in thce Gila and San Pedro wotersheds in southern Arizonc amd New
Mexico. In cach of theseprojccts, & strcnuous attempt is being
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made to put into cffeet o comprehensive, well-rounded program
of land utilization -~nd erosion control with mcasurcs adapted

to the specific nceds and cdoptobilitics of tho lend.. Arcas
unsuitable for agriculture arc plented to grass ond trices.
Proper crop rotations cre instituted. Agricultural methods are
recorganized, Overgrazing is controllecd. ZEngincering structures
such as terraces, check dams, cte. are built,

The method of proccdurc in ecch of these arcas is approxi-
matecly cs follows:

(1) Detailecd surveys orc made cowvering the type of soil,
the degree of crosion, the degrec of slopc, amnd the type of
vegetation on every portion of thc arct.

- (2) On the besis of those surveys, the land is classificd
as to the typc of usc to which it can bc put and as to thc char-
ccter of erosion-proventing proccdurcs vhich must be appliecd.

(3) On the besis of the land classification, contracts are
entered into with the owners of private lands under which the
ovmers cgreec to take out of cultivation such lends os arc not
suitable to cgriculture, to revisc their agricultural practices
in eccordance with Soil Erosion Servicc recommcendcations ond to
contribute such labor cnd materials as they have available to
the work which needs to bc donc. The Soil Zrosion Service in its
turn undert-kes to meke 211 nccessary plems, to assist the co-
operating l-nd ovner in reorgonizing his farming practices, to
furnish certain sceds for the planting of londs retired from cul-
tivotion to crosion-resisting crops and for cstablishing crop
rontions, and to assist in carrying out thc nccesscry crosion con=-
trol works through the contribution of lnbor, metcricls and cngi-
ncering supervision. In thc case of undertokings on public lands
or Indian Rescrvotions, therc is no nccessity of cntering into
controcts end the work is corricd out cntircly at Federal cxXpensc.s

Very early in the program, it became evident that adequate
detailed, large-scale maps were essential to the necessary sur-
vey and planning procedures. Such maps were not available for
any area where work was undertaken. The best existing meps were
U.S. Geological Survey topographic maps which were far too
generclized to be satisfactory. In the Viest, large areas of the
Nava jo Indian Rescrvation were practically uncxplored, amd the
only avecilable maps werc cxtremely small in secle and meager in
detail. Aftcr considerable investigation, it was decided that
the cheapest, quickest ond most sctisfactory method of obtaining
the necded maps was by means of aerial surveys.

In the East, detailed maps vere nccded with a scale of at
least 1:6,000. It was decided that rather than construct large-
scele line maps, the actucl photographs enlarged to the proper
scale would be used. The initicl projects were mapped at a fly-
ing scole of approximately 1:20,000. Ilosaics were then construc-
ted and divided by o superimposed grid. Zach scection of the grid
re.s then enlorged onto 2 celluloid negotive ot the fincl sceale .
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From the celluloid negeative, contact photographic prints were
made for ficld use, os also werc bluc prints vhere many copies
vierc necded.

The initial mcthod of acrial mepping described above proved
unsatisfactory for a number of reasons. TFirst of cll, the in-
cvitable mismatches in the mosnic, which at the seale of 1:6,000
verc greatly enlerged, intorfered with mapping in the ficld and
vere @ source of continuous and crippling cnnoyaonce to cugincers
vho viere unfemilioar with the limitations of the mcthod. Second-
1y, thc process of mosaic preparation and enlargement from the
mosaic resulted in the loss of essenticl deteil.

As a result of thesec inadequacies, the initial mothod was
abandoned, and since then direct cenlargements from the acricl
negetives have been used, rather than enlargemcnts from the moscice
BEech projccet is furnlshcd five scts of thesc cnlargements from
clternete negatives. The prints are uscd as planc table shects
in the fiecld and have proved to be highly satisfactory. Inas-
much as the land classification work being donc involves & com=-
promise between meny factors gnd because of the complexities in=-
volved, it is in genersl not accurcte within limits of less than
5% to 8%. The displacement errors occurring in the photographs
have not been sufficicntly scerious to cause trouble.

The mapping needs on the Navcjo Indian Reservation differed
considerably from those on the egricultural regions of the East.
Here maps of a-much smcller scole could be used. Furthermore,
the area to be covercd was so tremendous and the existing meps
so inadequate that individucl photographs could not be used satis-
faectorily eand it was essenticl that an assembled map be compiled.
After some study it was decided to fly the arec ot a scale of
1:31,680 or larger and to assemble the photographs into a single
mosaic on a polyconic projection to be rcproduced in units of
fifteen minute quadrongles. Accordingly, bids were advertised
for, on the besis of which a2 contract was awarded to the Feir-
child Aerial Survey Corporation of Los Angeles.

The methods used in making the survey have becn as follows:

(1) Five control strips were flown east and vest ot inter-
vals of approximately 40 miles. .

(2) Trianguletion control points were established near the
cnds and the middle of each control strip.

(3) PFrom the tricngulation stations, control was run east :
and ‘est clong the control strips by means of carefully udgusted'
radicl control plots.

(4) The ectual photographs from which the moszic wos os=-
sembled were flown due north and south with a Zeiss Topographic
four-lens mapping ccmera. From the four untransformed negotives
for each picture were then mede four positive glass plates.,
These four glass plates werc then inserted in & speeiclly con-
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structed tronsforming appnrotus ~nd tronsformed to n single
composite negative. From this compesitec negative, contact prints
9.8 inches by 9.8 inches werc mode, in all cssenticl respects
the cquivelent of single lens contact prints,

(5) From the tronsformed composite four lens prints, o com-
plete redicl control network wes run north ond south between the
control strips. : : . s,

(6) On the resultant radial control net, the component
prints of the mosaic were laid, cvery print being retioed to the
best avecrage scale and corrected to compensate for errors intro-
duced by the meon slope of the ground.

(7) As quickly as the respective ports of the mosaic were
completed, they werc reproduccd on glass negrtives ot o scale of
one inch equols onc mile, Zach of these negntives werc care-
fully plcended to climinete tone difference between the component
prints of the mosaic and nre used for nrojccting the reproduc-
tions of the moscic =t any desired scale cnd for meking contaoct
prints thereof. ;

The moscic maps resulting from the above proccdurc have
proved to be highly satisfactory. The crrors are for all proc-
ticzl purposes limited to displocement errors vithin individual
prints and are not sufficicntly lorge to interferc with the usc
Tor vhich thc maps cre designed. The quadronglc shecets arc used
cxtensively in the ficld for the csscmbling of cerosion date cnd
for the prcparation of soil surveys, vegetction surveys, ctc.. -
It is contemplated that the entire cdition of fiftecn minute
quadrangles will be reproduced by hzolf-tone processes, with all
drainage acccentuated, and with rocds, culture and place nomes
superimposcd in & second color.

The Navajo survey proved such a success that it has been de-
cided to cxtend this chorccter of vwork to cll of the vestern
grazing areas on vhich the Soil ZIrosion Service sets up projects.
Thus, on the Gila River cnd San Pedro wotersheds vhere work wes
recently undertaken, the first step was to cdvertisce for bids on
the type of survcy described cbove. The contract wos cgein
avarded to the Fcirchild Acrial Survey Corporation on the basis
of compectitive bids. ; :

It is hoped that the Soil Erosion Service progrom will be
eventually cxpanded to cover 2ll lands in the United States sub-
ject to erosion. This eventuclly will have to be done if large
regions are to be saved from impoverishment and virtucl abandon-
nent. When the work is so cxtended, ceorizcl surveys will be made
of 211 crecs upon vhich vork is carricd out, This mecns, for
cxample, that lorge additional regions of the grozing lends in
the Vest will probably be mapped by methods similer to those
used on the Novajo Rescrvation. In the Enst, large areas will
be mapped by methods similar to those nlrecdy being utilized,
rlthough of course, new developments in aéricl mapping may con-
sidercbly modify the dctails of procedurc. : '
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One phcse of the Soil Erosion Service mapping program not
referred to above relates to the construction of contour maps.
The photographs tcken of the Navejo survey are adaptable for
use in the Stereoplanigraph for the comnstruction of such maps,
At the time of issuing the cdvertisement, it was not knoun
whether any such contour mops would be needcd. However, it
developed that such o map wes nccessary to the functioning of
the Mexican Springs Experiment Station, just north of Gallup,
New Mexico, which is working on detciled scientific studies
covering a watershod of some 128 squarec miles. This map was re-
cently completed and is discussed in Mr. Leon T, Elicl's article
in this issue of "News Notcs".

THE STEREOPLANIGRAPH
by
Leon T, Elicl

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

Any photogrammetric machine such as the Stereoplcnlgrnph
is mercly the mechnnieal mecns for recording what the eye sces,
what the brain conceives, amd directs the h&nds to perform.

The machine is designed around thesc human fectors cnd ¢ proper
evaluation of the machine must have roots in a thorough undor-
standing of these humon elements,

On first thought, the stercoscopic function of the cyes
seems quite apporent. Obviously, we think the closer an ob-
ject, the greater the convergconee of the eye axes. This, we
assume, is interpreted by our breoin in terms of relative dis~
tance,

It is commonly believed that vwhen using a stercecoscope, an
ob ject cppears ot the point of intersection of the eye axes.
Diagrams illustreting this phenomenon arc plentiful throughout
the literaturc on this subjecte.

That this situation is much more complicated than suggested
by these random thoughts is at once brought home to us when we
see & 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. Where, now, does this observer
see his apparent stereoscopic image? If our first theory were
correct, the imagine would appear to be behind him, This, we
know, is not true. It is therefore safe to assume thet 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 mervelous interpretive
power quite beyond our comprehension, or what is more probable,
the léns 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




