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USE OF MEAN SEA -LEVEL AS THE -DATUM FOR ELEVATIONS. 

By E. LEs1'ER JONES, ff11veri11tem4en.t. 

The term " engineering" is i~snally considered to be synonymous 
with the word '' eJficiency," but in at least one b1·anch of engineering 
it is only partly true. This is in leveling. 

There is scarcely any.surveying or civil engineering which does not 
require that differences in elevation be determined by spirit leveling, 
and iu nea.rly all cases the absolute elevatlon of the bench marks 
above some plane of refe.t·ence or datum· is determined. Efficiency in 
operation and· in the results frequently depends upon the datum 
selected. 

Wfott is a satisfactory datum~ This is a very important question 
and one to which nuich thought is directed by engineers. If one is 
grading streets or extending a sewerage or water system in a. city, it 
is evident that the official city da.tum should be used in the leveling 
operations; but if a city is to a.dopt a. surface for its datum, what 
should it be? Evidently it should adopt that datum which is most 
generally used by State engineering depa.rtments, by the railroads 
which enter it, and by other engineering organizations. 

Then the State. itself must consider wlrnt datum it should adopt, 
and its decision should be bnsed upon the previous decision of othe1· 
States 1idjoining it. 

Final.ly, what datum should the Nation adopt~ It is evident that 
it. would he impracticable for the "N atfon, especially one of. 3~000,000 
square miles of area, as is the case in the United States, to adopt the 
surface through some one bench mark as its datum in its early engi­
neering work, for this would require that an elaborate sys~m of 
leve1s should precede all its surveying and e.nginee.ring operations. 

Only slight consideration leads one to conclude that the ideal 
datum for a nation is one which ma.y be established at many places. 
The only one of this kind is mean sea level. 

Mean sea level is that surface which would be. a.ssnmed by the sur­
face of the water of the ocean if it were not. disturbed by the attrac­
tion of the sun and moon and the force of the wind. 
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l\Ienn sen:level mny be establi~lwd within a very snrn.11 fraction of 
a· foot by continuous tidal observations for at least a year. It has 
been found -from precise-leveling observations that mean sea level, 
as estn.blished at different points on the open coa::..1s, is at all such 
points in the same equipotential surface; that is, if there were no 
resistance of the water and wind to the movement of an object float­
ing on the ocean the object could be moved from one point on the 
coast to another without performing any work-there would be no 
lifting necessa.ry. 

·while this statement ma.y not be absolutely true, yet it is so nearly 
the case that for all engineering and surveying purposes it may be 
accepted ns rigidly true. 

If we huve a surface at hand which ma.kes a.n ideal datum for the 
elevations of tlie country, should it be adopted~ Efficienl'y demands 
that it should be. · 

Mean sea level is now used exclusively as the datum for all surveys 
on land by the Coast and Geodetic Survey and by the United States 
Geologica.I Survey. ·It is only occasionally used by the Engineering 
Corps of the Army and not a.I ways by the Reda.mat.ion Service ... 

Usuqlly the General Land Office does no leveling in connection 
with its surveys of the public lands. There is no other Federal 
organization which covers large areas in its surveying work. 

'Ve .can scarcely say, in consideration of the evidence, that mean 
sea. level ha.s been universally nclopted by the Federal Government as 
the datum for a.U of its elevations. · 

In December, 1916, the Coast and Geodetic Survey sent the follow­
ing letter, or one similar to it, to the chief engineers of most of the 
forge cities of the country, to the State engineer of ench State, and 
to the chief engineer of ettch of ahout 150 railroads ·in the United 
~~= -

As ~·on know. one ot' the importnnt operntions of the United State;; Coast and 
Geodetic Survey is the extension over· the country of 11 network Ctf precise level­
ing which will give elevations .of great necuracy, based upon mean sen level. 

We believe that this precise leveling is essential in the surveying anti engi­
neering work clone in this country by various public and private ag1~ncies. 'l'he 
network will enable engineers to use the sea-level dntum on new projects nnd 
to reduce to this dntum existing elevations referre•l to nrbitrary llnturns. \Ve 
believe that this country should eventually have but one datum, in 01·1ler .thnt 
ull 1•nginee1·ing anu sm·veying worl• mny be ensil~· coordinated. We belii.>ve 
ulso thnt the presence of various datums lends to muc)l confusion and waste. 

In order thnt we mny get into closer touch with· the needs of the engineeri11g 
profession, I ;;honld be glad if you will let me know to what extent ~·onr St.llte 
is b11si11g the t•.Ievations of its rond and other surveys aud engine.:>ring works 
upon menn sea lf,vel; also whether the use of varions arbitmry llntums ""by 
•:onnties, dtie:<, nnd privnte. organiztitions within yom· State is u serious matter 
in tbe imlustrinl development (•f yom· ·st:ite. · 

· Replies were receiYed from many of these engine€rs. 
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The .. engineers .of. ihe of the eit.ies, m1mdy, Fort '\Vorth and El 
Paso, Tex., Poughkeepsie, N. Y., Birmingham, Ala.., and Terre 
Haute,. Ind., reported that mean sea level had been adopted as the . 

. official datum for all elevations used by those cities. lt was known 
that Cincinnati had adopted mean sea level as its official datum 
some years ago. . 

The engineers of most of the cities reported that arbiti;ary datums 
had been in use :for many years. Many of them stated that it was 
genernlly realized tha.£ 1i1ean sea level should be used as the official 
datum, bnt tlrnt the expense incident to changing the many ordi-
1rn.nces, profiles, plntes, etc., nm.de its ndoption of doubtful expe­
diency. There nre given Inter extracts from some of the city engi­
neers' replies. (See pp. 6 to 8.) 

Hespom:es were received from most of the State engineers, some 
of tlwm signing as State. highway engineer, others as director of the 
State G·eologicnl Survey, engineering commissioner, etc. In all cases 
except. one, the State engineer informed the Burea.n that mean sea. 
leYel w:'is used as the datum for the State work wherever bench 
marks were available whose elevations were based on this datu_m. 
They strongly advocated the. rapid extension of the. precise-leveling 
systl::·m of the country in order that no extensive enginee1:ing n-nd su-r­
nying should have to be based upon assumed elevntions or ar-
bitrary datums. · 

Extracts from the letters of some of the State engineers are giYen 
on pages ~) to 1~. They show very clearly and strongly the de-
E?irability of having a single datum for the country. . 

The chief engineers of many of the railroads replied to the h1-
qn iries of the Survey ·and, in nearly all cases, they stated that mea,n 
sea level was used, or was in process of adoption, by their roads. 
The general expression of opinion was that the precise-leveling net of 
the country should be completed or greatly extended in order that 
the accurate elevations might. be at ha.nd as the base for what might 
be termed the '• detailed leseling." 

Instances were cited . where a road had apparently he.en on 
sea-level datum, hut considerable errnr had been disclosed after the 
precise leveling had been extended to its lines. Such instances as 
these show that mean sea-level elevations in a-reas for from the coasts, 
if not based upon precise levels, may be in error to such an extent 
that for practical purposes they mu.y be considered as being based 
upon arbitrary datums. 

Extracts from letters of some of the chief engineers of railroads 
are given on pages rn to 18. -
. The city engineer of Terre Haute, Ind.~ stated that sea-level 
datum was in use in his city and that he found the use of the United 
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States Governm.ent bench murks of great benefit to him. He thought 
that the Government should have· bench ·marks in all cities of at least 
25,000 popufa.tion and that_ it would he of great benefit if the Gov-
ernment established bench marks in even ·smaller cities. · 

The city engineer of Fort Worth, Tex., wrote this Office in part ns 
follows: 

The elevations of our heneh marks throughout Fo1·t 'Vorth ha,-e been change(! 
t1• conform to the dntum established by the Coast aud Geodetic Surve~< 'Ve 
.han~ extended these bench marks to cover the entit·e· town. I consiLle1· the ex­
tension of yom· level net.s of the greatest importance to the country. Hnving 
some definite datum to work from has been a g1·eat convenience and benefit tv m•. 

The city engineer of Detroit, Mich., stated that in his city tho 
official datum is an arbitrary one, but. ~hat the relation between the 
city datum and mean sea level had been established. He added : 

I can see no objection to the city adopting the Government datum ns estab­
lished here. Of course there are n i;reat many re,:onls throughout the city, 
both public and private. that would be affected, but I think it. would be wise to 
mnke the change. 

The chief engii1eer of the Topographical Survey Commission of the 
City of Baltimore wrote this office, in part, as follows: 

The city of Baltimore in 1893 esh1blisl1ed a series of precise-level bench 
ma1·ks whieh have been nsetl since that time in conneetion with all engineering 
work carried on tiy the municipality. This survey hns fo1· its datum the mean 
low tide at Baltimore. 

The Pennsylv11nia Railro:id, as wi"ll ns other organizations, used still tl dif­
ferent clntum, so one can see that, although the city's precise-level wo1·!;: has 
been carried out to a degree of precision equal to tlrnt ado1>ted by your i;;urvey 
an(! is s:ttisfnetory for all city work. it would have been much bt;!ttet· if the 
datum adopted for Baltimore had been that of mean sea level. This. I a'm sure, 
would have been done if at the tiwe this survey wus stnrted a Govemrnent 
bench murk had been available. This would, tv n certain extent. have tlone 
away with certain confusions which now exist. 

\Ve believe tlrnt the plan for the Unitetl Stntes G•W(•rnment tr1 estnblish bench 
ma1·ks throughout the conntr~·. hnsed on menn sea-level datum, would en­
courage the use of that datum by all who wi;;h to carry on any extensive 
system of leveling, and would prove> a grent convenie1we and eliminate lllany 
errors and much confusion. 

The city engineer of Duluth, Minn., wrote that Dnlnth had adopted 
mean level of Lake Superior :is its c.lutnm. He stated: 

The only objection to making tile change to sea-level datum w1mld be the 
nltering of our records, but other thnn tlrnt it would be a gootl move to ntlopt 
se:i-le\rel clatuw. 

There is shown below the information given on a card issued b.v 
the municipal engineers of the city of New York. It was prepared 
by the special committee on datum planes." It gives a comparison of 
the vurious datum pla.nes in use in the city of New York. 
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THE MUNICIPAL ENGINEERS OF THE CITY OF NEW YORK. 

COMPARISON OF DATUM PLANES. 

Richmond high waler dalum +3.192. 

Cily dalam DI public worls dalum or Manhallan. Highways and sewers. Pennsylrania R.11. N. r. Cenlral 11. R. +Z.750 
Public Serrire Commission al Produce Exchange +2.653. '11;,.__Queens Borough datum. I.oat Island City dalom +2.725. 
Brooklyn Hi1hway Bureao dalum. Topographical Bureao dalUm +2.547. '"-,Bronx Borao1h or Highway datum +2.608. 

U. S. Nary Ymd dalum. Brooklyn Waler Supply + 1.680. Brooldya Sewer Boreau + 1.678. Bridge Deparlment + 1.671. 

Slandard dalum. Mean sea le•el at Sandy Hook. U.S. Coast and Ceodelic Saner dahlm. 
o •. o-1--Boa'-rd-of-Es""1ima---.le-anil'"'·'""A,...pp-01-lion-m-e-ol"""d-alu""'m-. -.-oard....,...o""'r "'W.-a1e-r .,..Sapp....,.ly..,d-atn-,.-. --'--

-1. 

-2. 

Croton datum, al Jerome A•enue aod Mclean Areaae -G.786. 

- Dack Departmenl datum. Meao low waler al lhe BaUery -2.IDJ. 

For history t>f abov~ datum planl?tl set' Pro~eedinga o[ Municipal En1ineora For 1916.­
Prupared b>• the Special Cowmittee on Datum Plane-s N'ovembe.r, 1916. 

It is evident that in the city of New York there must be much 
confusion resulting from the use of so many datums, and it is pos­
sible that the confusion in the elevations and the datums may involve 
the city in mu~h extra expense on engineering work, due to errors 
which must inevitably be made in interpreting the leveling data. 

Conditions in the city of Cincinnati in rega.r.cl to elevations were so 
unsatisfactory that, in Augpst, 1913, the council of that cit.y adoptecl 
by ordiniu1ce mean sea level as the official datum foi· all city suney­
ing a.nd engineering operations. Before the adoption of this datum 
each of the varions sections of Cincinnati which had been an inde­
pendent to·wn had its own datum foi· levels, and there was no official 
connection of the various systems of elevations. 

The city engineer of Birmingham informed the Coast and Geodetic 
Sun·ey that mean sea level had been adopted as the official datum for 
that city. He snid that Birmingham was made up of 13 municipali-. 
ties, which were consolidated into one city government. At the time 
of the consolida.tion ·each of these municipalities had its own datum, 
and, owing to the fact that the city is about 1! miles long and 5 or 6 
miles wide, it would have been a considerable expense to the city 
after the consolidation to undertake to harmonize all of these datum 
pla.nes. 

The engineer of the department of improvements and parks of 
the C.ity and county of Denver replied that the city clatmn for Denver 

' ' 
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wns not referred to the sea in any way. He dosed his let.tei· ·-with 
the statement: 

'J'hert~ i,:;, so far, no sentiment in favor of changing tlie old datum to thnt of 
i::ea IPvcel. Personall~', I am in favor of doing whatever is necessary to bring 
nhout a •:-hange to the end that the official datum of every city in the country 
"·ill refer to the sea. 

The cit.y engineer of Memphis wrote~ in part, as follows: 
I regret to atlvise that years ngo nn nrbitrary tlatum was adopted hC're anti 

tirnt :ill of our city work is based on this datum. It !ms no relation and no 
rne:111in~ whats•)ever. However. our records at the J)reseut time comprise prob­
nbl~· 10,000 profiles and over 500.000 indi·daual elevations, which womld involve 
us in 1111 enol'!nous expense, with very serious chances of error,. if we should 
try to drnnge them. Personallr, I should like to see them changed. but I see 
no C"liance of getting nn appropriation for the work, and if I did have it t11e 
]oh would be a stagge1·ing one. · 

The experience of the city .of Memphis is what may be expected 
in nny city that may adopt a dntnm not based on sea level. It. is n 
wa1·ning to citie.s "\vhid1 have not yd ndopted official datums that 
men n sen. level should be the one selected. . 

A letter was received from the nsf:istnnt engineer of streets of 
Trenton, N .• J., which read in part as f~llows: 

So fnr ns om· experience hns taught us there can be no question as to the 
. olesirability of a universnl clntum plane, 111111 I think there tan be no doubt 
in the minds of enginee1·s· engaged in rnunkipnl work thnt mean sea level is 
the only logi<:nl c1ntum plane to adopt. 

In ~'<'Ul' advocacy of an extension of such l1enth marks you deserve the sup­
port :md cooperation of every engineer in the country. 

That it is necessary to have. precise leveling extended into area.s 
where such control is not now available is clearly inciicated by the 
data furnished by the city engineer .of Salt Lake City. The only 
f-hwa.tions twnilable in Utah previous to nbout U1 years ago were 
·from leveling by· railroads, and that leveling was done for tlie imme­
diate control of railroad construction rather than to carry absolute 
values with great accuracy. His letter contained the following: 

Below please finol list of the oliffercnt sen-level datum lines use1l in Snit J,ake 
Cit~'. 'l'lie cit~"s clntum being tile lowest, I nm tailing it zero: 

Feet. 
~nit L:ike· Cit~· c:-orporntio'ln _____________________________ -------------- ___ O. 00 
Uniteol States 'Veather Bureau _______________________________________ 23. 28 
Oregon Short Line Hnilro:td ______________________ ~-------------------1 

26
. 05 

Unite•! Stntes Coast and Geodetic Sm·ye~·---.--------------------------·J 
Denver & Rio Grancle Railroad ________________ · ___ .;. ____________________ 28. 4::! 

Frederick Law Olmstead, an nnthority on city planning, spoke 
of the need of a single da.tum in his report of the Pittsburg Civic 
Commission, which is entitled, "Pittsburg main thoroughfares and 
the downtown 'district," which appeawd in December, 1910. In 
Part. III, under the heading" Snrveys nnd a city plan," he spoke of 
the need for suneys. One of the objects which he thought shol1ld 
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be secured is 111i ttccurate framework of reference points, including 
( 1.) the gradual syste.nrntic setting of street monuments throughout 
the city to serve as reference points for the definite determination of 
street locations and for all public and private local surveys; (~) the 
accurate determination of the locations and elevations of these and 
other monuments and bench marks in reference to a single general 
system of coordinates and in reference to the United States Govem­
ment bench marks; and ( 3) as a means of accomplishing these ends an 
accurate geodetic triangulation of the district, supplemented by the 
necessary precise traverse work and precise leveling all fully checked 
and compensated for errors. 

It will be see.n from the preceding qnota.tions and statements that 
city ·engineers in general are in favor of mean sea level as the datum 
for their elevations, but many of them hesitate at present to itdvo­
c.ate a change from the arbitrary datums on account of the expense 
involved. It is reasonably certain, however, that each city will 
eventually have to make a change, in order that the confusion inci­
dent to the presence of many datums in the city and in the contiguous 
territory may be eliminated. 

As previously stated, the chief engineer of each of the States of· 
the Union was requested by the Coast and Geodetic Survey to in­
form this Office as to whether mean sea level was the datum used on 
officinJ work in the State and whether the use of nrbitrary da.tums 
by the various political and private organiz1itions in the Stn,te re­
tarded its development. 

In nearly all cases the State engineers answered tha.t they a re 
using mean sea-level datum on engineering work wherever it. is prac­
ticable to do so, and in most cases they expressed a desire that precise 
leveling; with elevations based on mean sea level, should be extendetl 
over the- country as ra.pidly os possible, in order that mean sea level 
may be available to public and private er1gineers and surveyors. 
There are given below extracts from some of the letters received: 

The Stiite engineer of Oklahoma Wl'ote, in part: 
Replying to your letter. will sny that this 1lepn.rtment is using sea-level datum 

on all of its work. 'J~he same llntum is used in almost n ll of the cities of the 
State. I clo not believe that any particnlur trouble is ol'Casioued by the use of 
pt'ivate 01· assumed datum pltmes .. owing to the faet that we are so well fixed 
with the elevations all through the State that elevations may be reduced to 
sea level when the same may be needed. 

The State reclamation engineer of Texas said that his department 
constantly mttkes use of the bench ma.rks esta.blished ·by the Govern­
ment and that all of his work is based upon mean seii level. 

The State engineer of 'Vyoming said that he was heartily in ac­
cord with the views of this Office relative to a sta.ridarcl datum for all 
elevations ~onnected with surveying work throughout the United 

89759°-17--2 
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States. The surveys ·made imder his supervision are, whenever pos­
sible, based on elevations referred to menn sea level. Iu his opiriibn 
the standardization of a.II elevations nnd placing them on the sa.nie 
·datum woi.lld be of gren.t value to the engineering profession through-
·out the country. · 
·' A lette1; received from the road engineer of the Iowa State High­
\vay Co1iui1ission read· as follows: 

Heplying to ~'om· letter of December 14. we wouhl sny that in highway w•:irk 
the county engineers are using the sea-level clatmn fo1· all surveys whereve1· 
hench urnrks referred to such datum are available. We are unable to say 
just what percentage of the counties have such bench marks available. 

It WQJ!ld be n very great convenience to us if nll of the survers were referred 
to sea-level dntmn. as in a few ~'ears we will possibly wnnt to prepare a topo­
grnphienl map of the State. and if all the sm·veys were referred to one dntum 
it would be unnecessnr~' to reduce tl1ese various snrve~·s to a common bnse. 

·we nre uunble to stnte to which extent Cities :ind towns are using the sea­
Jevel dntum, but we think it is not ver~' genl"ral except, possihl~·. in the cities 
and towns along the Mississippi or l\1issom·i Uivers. 

The State engineer of New Mexico expressed. the hope. that some 
organization would take hold of the matter of the adoption of a 
single datum and try to persuade all engineers in his State to adopt 
mean sea-level datum in order to avoid confusion which is occasioned 
by the use of a numbe{· of datums. He closed his letter as follows: 

This day <Dec. ::!7. ·wrn.i there is being helo:l at El Paso n tent11tlve-plan 
meeting. calling all· the engineers in New l\foxko. Arizona, and Texas to 
organize n southweste1·n engineering sodet~'· anti I feel th11t tlll orgnnizlltion 
of this kind, as soon as it is established 111111 in working or•ler, can do) a great 
\\en! of gooll along this line of work. I will take it upon m~'self, nfter the 
organizntion of the society, to bring this particular subject before it. 

The chief engineer of Pennsylvania wrote that all the. district 
engineers used mea.n sea. level as the datum for their elern.tions a.nd 
that his reports indicated that the majority of the city engineers 
also used mean sen level, but that the cities of York, Philadelphia., 
and Pittsburgh ·were using ttrbitrary da.tums. He expressed the 
opinion that there is no question but that in time it would be a. great 
help if all leveling could be based on one datum. · 
. The State engineer of South Dakota wrote. tha.t in all of the ir~·i­
gation, drainage, road, and other sm:Yeys that had been conducted 
under .him mean sea level had been used as a datum for elevations. 

T'he engineer of the. State of Kansas, in replying to ·t.he letter fr~;1~1 
the Survey, sta.ted that- · 
·' . 

In so far .as I hnve nny information in the matter the v1ll'ious engineel"i-ng 
projects of t.l1e Stnte nre hi1Se1l on various arbitrary datums. This (•<m<litiqn 

. I • 

necessurily causes mud1 trouble iu many instnnees.. The most recent example 
1 now have in miml is in connection with our investigation c•f flood conclitfrins 
here in "K;msas. ~.-.rne of the most hnportnnt 1l:1t:1 iu this eo1111.edion are those 
in the possession of the rnilroads, and in order to make them ·rt vailable :it 
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would probably I.le uecessat·~· to muke many adjust11.1e11ts in the various clat11111i1 
employed. Had 1111 elevntious been bused on menu sea level, this trouble would,, 
of ('OUl'Se, have been a voided. 

The State engineer of 0l'egon wrote that in connection with the 
State's irrigation and highway wol'k his department endeavored, 
wherevet· possible, to base its surveys on mean sea-level datum. He 
stated also that he fom1d the bench mat' ks of the United States Coast 
and Geodetic Survey and the United States Geological Survey of 
great benefit, as all surveys based upon them are on the same datu~n, 
and when connected form n uniform network over the State. 

This is a very important point brought out by the Sta.t.e engineer 
of Oregon, for it is where new surveys must be connected with other 
surveys that great confusion arises unless all are based upon the 
single datum for elevations. If there were to be only one survey 
in a restricted area, and tha.t survey would never have to be joined 
to any others, it would be a matter of indifference as to whether on~ 
datum or another were used for elevations. 

The State engineer of Minnesota stated that he had not been able 
to use mean sea. level throughout the State,. but that as a general 
thing an arbitrary datum had bee.n adopted ineach county; and, in 
fact, in each of several counties more than one i~rbitrary datum had 
been adopted. The reason for this condition was the lack of bench 
marks in his Stn.te. He closed his letter with this statement: 

We agree with you tlrnt it would be very valuable to the State if n system of 
levels could be established, nncl believe that such will need to be done in the 
near future in order to correlate the drainage, highway, and other engineering 
work in the State. 

The State highway engineer of Alabama, in a let.te1· to this Office, 
stated that wherever possible his department based the elEwations of 
their road work upon mean sea level. He expressed the wish that a 
sufficient amount of leveling might. be done in his State to enable all 
of the road work to be biised upon mean sea. level for elevations. 

The deputy State engineer of New York informed this Office thali 
the engineering department of that State has, since 1898, used mean 
sea level in all of its work. Previous to that time, elevations were 
upon a different dtitum for each of the three divisions of the New 
York State canals, those di visions having their headqun rters at 
Albany, Syracuse, and Rochester. He sn.id that several hundred en­
gineers, who had been employed by his deptirtment, but 'vere no 
longer connected with it on accoun~ of the completion of the barge 
can.al, are now employed by municipalities and ln.rge corporations, or 
are in private practice. As they are familiar with the sea-level 
datum they are gradually changing the datums in d,ifferent localities 
to that one. ·They are having considerable influence toward securing 
the general adoption of mean sea-level datum. 
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The assistant superintendent of the Department of Public ·works 
of the .State of Ohio expressed the hope that mean sea level would. 
be adopted throughout the entire country us the datum for elevations. 
His letter read, in part, as follows: 

· : 'l'his llepartment lms spent some time and cohsillerable money in standardiz­
, j~g our levels over the public works of tbe State and we are now using United 
States llatum lsea-level datum). 

The writer had occasion to be called in consultation on certain proposed im­
pro,·ements and the county engineer used a datum of his own selection. The 
city engineer selected a different datum, while the writer used in his calcula­
tions the United States datum. The result, as you can very readily see, wns 
confusion ·which made necessary an extra amount of \vork to bring the various 
arbitrary datums to the same standard. 

The chairman of the Public Utilities Commission of Maine stated 
in his reply that-

We are thoroughly in accord with your ideas as to the confusion resulting 
from the use of a1:bitrary 1"latums on projects requiring the determination of 
elevations an1l this commission hns endeavored, in so fur as it has been able 
to do so. to extend the use of mean sea-level clatum on State, municipal, and 

1~rivate engineering works in Maine. 

He closed his letter with the request fot· the elevations. of bench 
mn 1·ks .established on a line of precise levels extended across the 
State of Maine by a pa.rty of the United States Coast and Geodetic 
Survey in 1916. He beUeved thnt such da.ta as may be available could 
be advantageously tabulated nnd published in the volume of the 
annual report of the Public Utilities Commission rehtting to topog­
raphy, geology, and wnter resources. 

It might be well if the various States were to :tssist the Federal 
Buren us in placing the leveling and other engineering data before the 
engineers of the States. This could be done very well by having the 
necessary datn, nppear in the nnnual reports of the Stnte engineers 
and of public utility commissions. 

The various railroads of the country are vitally interested in the 
adoption of mean sea level as the sole. datum for elevn.tions in the 
.country, for each of a number of railroads traverses the territory of 
several States and of innmnerahle cities n.nd towns. There is neces­
sarily a great deal of confusion in elevations between the railronds 
and the va.rions municipalities and political units through which the 
ronds pass if each unit has its own datum. 

The Interstate Commerce Commission directed the various rail~ 
roads of the country to show on their profiles the equations neces­
snry to reduce elevations to sea-level datum or to have the profiles 
based upon mea.n sea level. This was for the va.luatiori work under­
taken by the commission. The result of this. requirement has been 
that many railroads changed from arbitrary datums to the mean sen.­
level datum, although probably most of the roa.ds of the ·country ha.cl 
previously adopted meun sea level as their datum. It may be inter~ 
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esting to note. that the ·Board of Railway Commissioners of Canada 
has directed tl}e railroads of the Demiaion to submit all informa­
tion in connection with elevations and profiles. on mean sea-level 
datum. . 

It will be of interest and value to learn the opinion of a unmber 
of the chief engineers of the various railroads of the country· with 
regard to mean sea-level datum. To a letter sent out to them hy 
the United States Coast and Geodetic Survey a. number of replies 
were receiwd. The Survey"s letter requested information as to 
whether or not mean sea level was used by the railroads; if not, what 
datum was used; and if arbitra.ry datums were used in the tenitory 
tra \'ersed by the roads, whether they were a handicap to the develop­
ment of the te1-ritory. 

There are given below the substance of some of the letters a.nd 
.actual quotations from others. 

The ai;;sistant chief engineer of the Minneapolis, St. Paul & Sn.nlt 
Ste. Marie Railway Co. sti1ted that his road was using sea-level 
datum on its entire system, except. on the Chicago division, but tha~., · 
as fast as possible, that division wn.s being reduced to mean sea-level 
datt1m. He said in part: 

'.rhe use of vnrious arbitrary 1hltnms by States, cities, countiN!, and m·ivate 
orgauizutioiis along our line hns not been a very r,:eriou:; matter. except that 
it requires more lnbor and pnrticulnr cnre to conv(,rt their dntums to the one 
which we nse. '!'here is alwn~';; a possibility of error in this conversion of 
tlntums that W(•Uld be eliminntetl by stn111l:1rdizing sen-level ilntnm. 

The chief engineer of the Duluth & Iron Range Railroad Co. said: 
Many othe1· organizations in om· vicinity use either a11 assumer! 1lntum or a 

tlntnm whic.:h is sup1u:osed to correspond to the mean low water of Lake Superior. 
The di,,icrep:111C~' between the vnrious datums is oftl'll confusing. antl I Jrnve 
known cnses where the confusion resulted in mistal;:es in construction whil'h 
wer"' expensive. 

The chief engineer of the Chicago Grent Western Rnilrond stated 
that his roud used sea-level dntum for all of its elevations in connec­
tion with maps and profiles.: He added: 

We consider the use of arbitrary dnfums b~· States. cities. nntl counties as 
c11usin~ cousitlernble ineonvenien1•e. Quite frequently it is necessary to com­
pare [our] levels with local work. :111rl wlwre elevatio11s nre not on sea-level 
clntum it results in confusion and more or less misunderstanding. 

The chief engineer of the Philadelphia &. Reading Railway. Co. 
wrote in pn.rt : 

Our system for some yeni·s hack has used-mean tide at Sandy Hook for its 
datum. a11rl we b·~lieve that it is the only reasonn!Jle une for such purposes. In 
the city of Philadelphia. where nn m·bitrar~' du tum i;; ·used, we have to mnke 
otu· plans conform to the Philadelphia city dlltum, in so f:ir as such plans 
affect city impro\'ements. 

It is distinct!~· n seriou"' 1)1atter t•:o h:we clifferent localities u~ing different 
11utmu;;, mill we "'1•nll he glntl to see an~' mcovement toward the nbolishment of 
ai1y datums which m·e not bnsed on mean sen level. 
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The chief engine.er of the Chicago & North 'Vestern Rail way said : 
I thoroughly agree with you that this _precise leveling is essential iu the 

sm·veying and engineering worlt done in this country by various public :iud 
private agencies. 

We endeavor to base our elevations upon :mean sea level wherever possible. 
b1,1t find that the use of various clutums by cities. counties, and States i·esultH 
i;i cousidernble confusion and arguments. I um of the opinion that if we hail 
1\i1t one datum all of our work would be more easily coo1·dinated and would 
result in. less confusion and waste than at present. 

The chief engineer of the Chica.go, Rock Island & Pacific Railway 
expressed the opinion that the establishment of a.rbitrary datums 
by States, cities, counties, and private organizations should be dis­
couraged as much ns possible, as they cause a great deal of confusion. 

The chief engine.er of maintemtnce of wny imd structures, li1ws 
east, of the Southern Railway system said, in part: 

I alll glncl to advise. ti.mt for some ~'en rs pnst on this railway we have h11.<l nli 
om· surveys- tiecl into se:1-lew~1 dntum. \Ve have found that the presence of. 
va1·ious ·datums leacls to much confusion and waste.' 

The .chie~ engineer of the ·western Maryland Railway Co. said: 

\Ve have had and still encounter ti·ouble in avoiding erro1·s due to the rlifl'ei·­
ent datums used by adjacent milroads, vul'ious cities. Cl'Unties, and private 
orgauizutions. We are heartily in favor of the establishment of a~1 authorita­
tive datum for use and adoption by all. 

The engine,er of the Chicago, Peoria & St. Louis Railway Co. 
wrote that-

We are e1icleavoring to reduce the various arbitrnry datums used in the con­
struction of this line to sea-level d:itmn. \Ve do tinll that .considerable inrou­
vcnienee is oecnsioned by the use of arbitrary datums. Inasmuch as we 111·e 
brought in touch with wuious clt'ainage p1·ojects along the line we feel thnt 
some common datum should be used. 

The chief engineer of the :Missouri Pacific Ra.ilway wrote as 
follows: 

It is very de~:irable, though not nbsolutely essential, to use one datum plnn·~ 
for all engineering elevations, 11s with conditions as llt present t•xisting the1·e 
is a great cleaJ of confusion and time lost in looking up proper equations to 
change from one datum plane to another. 

In getting rough approximations of the dis1?harge of streams it is neces!'!:u·y 
to know the approximate slo:111e, and to get this it is necessary to know the 
elevations of crossings of the river 11t different points on its course. Where 
elevations of these c1·ossings are referrect to different datums it is fre­
ciuently impossible to get more than u very rough approximation of the difl'e1·­
enee of elevations. which results in a corresponding approximation of the dis­
charge. This also very frt>quently luuipens in c1mneetion with drainage work. 

The use of vnrious a1·bitrary datums by States. counties. cities. and privute 
01·ganizations is bel'oming more anll more a serious problem, for the reason 
that it requi1·es considernble research •)r investigntion to tletermine whether 
the elevations usecl m·e 1·eferre<l to sea level or other dntum r•lanes and then 
to ascertain the correct equations. 
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:I do not know of any i:111e thing- whkh the C11a;;t Survey lrns un<lertnken 
whic~h will be of g1·eater benefit to the engineering. profession of the country 
n~ large. in ;;o fat· ns all engineering operations nre concerned-and by this 
one can altn•)St say all industi·ial development nf the country-tlrnn to promote 
and secure the adoption of meap sea level as the datum for all elevations. 

The chief engineer of the Illinois Central Railroad Co. informed 
this Office that his road uses mea~1 sea level as .the dattim for its 
elevations. He concluded by saying: 

The various datum planes usell b~· <:ities anll surveyors along the lines of 
this company cause, in many cases, confusion and inconvenience in connectim1 
with the working up of plans and the ·~01Telating of them to local surveys,'' It 
would be of g1·eat benefit if, as you suggest. a ;;ingle datum plane were in use 
all over the United i;;tntes, and presumnbl;v this will be in effect some clay. 
but the time will he greatly advanced through the establishment by the United 
States Coast and Geocletk Survey of bench nmrks throughout the country. 

The chief engineer of the Kansas City Southern R.a.ilway Co. sa.id 
he believed that if u universal sea-level datum could be adopted by 
all State, county, and city orga.nizations it would be of gre11t benefit, 
not only to the ra.ilroa.cls but to other industrial ·as well as priv.ate 
organizations. He heartily indorses any movement that would bring 
about this plan. 

The chief engineer of the Lehigh Valley Railroad Co. sttid in pa.rt: 
I agree with you that. it woulfl be a very great benefit if tlle country should 

eventually have but one datum, in orde1· thnt all engineering and surveying 
worl~ mny he ensily coordinated. This woulc] save <:onsidernble annoy.ance nncl 
many cl'l'•>I'>" . 

.. TJie chief engineer of the Hocking Valley Railway Co. said that 
all of the elevations of his roa.d are referred to sea-level datum lmt 
thnt, as fa.r as he knew, none of the towns or cities on his line used 
thnt datum. He said that the idea that all levels should be referred 
to sea.-level datum is an excellent one a.nd that it would facilitate 
matters if the whole country would adopt this datum for a.II of its 
leveling. · 

'The chief engineer of the Delaware, Lackawanna & ·western Rail­
road Co. said: 

'.f.'heri:> is .no question in our work but that the variation in the dnta is confus­
ing. and it certninly wo11.ld be not only to the railroml company's interest but 
to. the intere;;t of the 1m111icipnlities, b01·oughs. etc.; nlong the line to have a 
uniform datum. 

The chief engineer of the Michigan Central Railroad Co. is using 
uiean sea level on that roa.d as the datum for all elevations. He adds: 

.1 believ~ tllat the nse b~· States and counties nnc:l h~' private organizations of 
datums different from the sea level one is a great <lisa1lvantage. espe~inlly where 
the railroads are requested to 110 work in connection with them. ;;uch as builll­
t.ng sidetrucks, ·etc. When the elevations of floors anti 1.1the1· po1·tions. of a 
building are given on un arbitrary datum and tht> railroad work is dllne on the 
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seu-level dntum. the1·e is ulwnys V\:'l'Y great chuuce of er1·or in relating one 
datum to the other. 

The chief engineer of the Chicago & Alton Railroad Co. stated that 
it is nnfol'tunate that the municipalities have not, like the railroads, 
adopted the mean sea level. As an illustration he stated that almost . 
~every day situations occur in Chicago where elevations are referred 
t.o city datum; that is, the avemge elevation of Lake Michigan. This 
produces confusion, as it is necessary to consider the relation of the 
arbitrary datums with reference to mean sea level, which is almost 
universally used as the datum by railroads, geological surveys, etc. 
He added: 

Any depnrture from the Government datum produces confusion and often­
times embarrassing situations. I hnve hnd sueh exper·ience in the eity of 
Cleveland nml in the city of Pittsburgh, where fol' many years no datum plane 
of any sort existed that was reliable nnd p1·operly referenced . 

. The chief engineer of the Pennsylvania Railroad Co. informed the 
Survey that all construction on his road was based upon elevations 
on the sea-level datum, with the exception o:f some few cases whe.re 
his work joined with that of cities, when it was necessary to h:ive 
plans based upon the datums adopted by the municipalities. He 
l'Xpressed himself as being heartily in favot• of reducing all elevi1-
tions in the country to the mean sea-level datum. 

The chief engineer of the Boston & Albimy Railroad wrote in part 
tis follows: 

We hnve found Government precise leveling of the greatest service to us iu 
connection with om· heavy rcconst:ructi•)ll 011 the Boston & Albnny Unilroad. 
We are running altogether on the Government· du tum, nncl I quite 11g1·ce with 
you thnt the whole count1·y should adopt it if at all possible. 

The va1·ious dntums nt present in use in cities nnd towns cause much con­
fusion and waste of time in equating hetween them. For instance, in our 
work in the city of Boston, with which the city work comes in contact, we 
hnve to run everything on sea-level datum and also on the city of Boston 
dntum, and similar conditions obtain in Worcester and StH"ingfield. 

I have been endeavoring, us fat• us possible. to get the vnrious town and city 
engineers along our road to uclopt the Sf'a-level clittum, and several of them are 
now using it. 

The chief engineer of the Los Angeles & Salt Lake Railroad Co. 
wrote that- · 

A book can be written setting forth the value of precise ·levels and the 
disadvantages of assumed levels. Thet'efo1·e, I think it only necessary to say 
that we use your levels wherever we find them, and our 1·egret is that your 
work is not now fm~t11er ndvanced. \Ve are in hearty sympathy with your 
work and hope that you will be able to continue it in a bl'oad way. 

The chief engineer of the St. Louis-San Francisco Railway Co. 
iuformed the Survey that all the profiles of his road that are now 
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being prepared, or that haTe been prepared for some time pnst, are 
Jia.sed on sen:..level. chi tmn, and that he considers it a. serious proposi:. 
tion to htl\'e. vnrious arbitrary datums by Stn.tes, counties, cities, etc. 
He snid t.hnt serious difficulties were encountered by his road ns a. 
result of various dntnms in connection with drainage matters: grade 
separation, and development work. ' 

The chief engineer_ of the 'Visconsin &. Northern Ri1ilroad Co. said, 
jn part: · " 

A.s n genernl }ll'Oposition tbi>r1~ cn11 be no que:;:tion as to the great !lesirribility 
of hnving nil i':Ul'H'yi; and benchei" r1.•1'erreil to sea-level dnturn, nml in otht't" 
sm·w·ys upon whkh. I have been engngell in this tel'l'ito1·y for interm·lrnn lines, 
and, to n minor extent, water-power cleve!(1pment, I have gone to some pnius 
to E-stuhlish sud1 dn_tum. While fn>m my own experience I c:m sny but little 
:1r,; to the beari1ig of thh; que,;;tion upon ·i111.lust1·inl 1.l1•,·e!opnwnt," I 1'nn s:1y 
without liesitntion that the mntter is nu importnnt Olli" nnd will become. in­
crensingly so ns the count!'~' becomes more high!~' clfc•velopecl. I would mlll 
from ob:>eL'Vi1 t.ion tllat from the treme111Jnus expnn:;:ion now beginning in 
1wrmaneut rn:ul con;;trndion. the lll'O\"iding of sud1 bm;e lines of p1:i>l"i!'e 
leveling as ~·ou mt'11ti1_1n at the enrliest prndicablt' tlnte would be of t11e grf~ntest 
hnportante awl be11etit. · 

The chief engineer of the Oregon Short Line Railroad Co. nn­
nonnced that his road is using menn sea-level datum for all of its 
elevations. He said that he found the results of the United States 
Coast and Geodetic Survey leveling invaluable for his nse. in con~ 
nection with l_ocation nnd nrnintenance work. He expressed the 
belief that, if engineers generally could realize the saving in time a1~ci 
lessening in confusion which would result from the. use of the mean 
sea-level datum, they would eliminate the various independent 
datums and adopt the standard sea-]nel datum. · · . 
. The chief engineer of the Northern Padfic Rn.ilway Co. replied tlrnt 

there is a gi·ea.t den.I of confusion at present caused by the various 
da.tnms used for level work hy different railroad companies, cities, 
and private organizations. He also said tlmt the Northern Pacific is 
11sing sen.-level dntm~1, but that there is confusion caused by the fact 
that sea-level datum, as used by other orgnnizati9ns, had differe.nt 
elevatiou-s. He expressed the opinion that engineering work would 
be grently facilitated if it could be based on the same dntum for all 
the States. 

This is another instance where elevations, supposedly based on 
mean -sea level, are in error because of the lack of precise le,·eling 
elevations before the detailed leveling was run. This is an :1rgume.n~ 
:l"or the extension of the precise level net into the areas which now 
do not ha Ye this fundamental control. 
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. The chief engineer of the Toledo & Ohio Central Railway Co. 
approved of nny movement to estnblish reliable bench marks, referred 
to sea level, over the territory of the United States as, in his opinion, 
it would be o:f gre.at value to the engineering profession and. to all 
industries which h~ve engineers in their service. He added: 

Ju dnys gone by n great mnny surveys were made on our road nnd referred 
t\> any nrbitrnl'~' llutmu that the man in charge might choose, with the result: 
thatowe find it difllcnlt mid inemn·enient nrnny time;,; t•> utilize properly the 
re;mlts obtninell from the;,;e old surveys. ·All the work we are m•w doing is 
referred tcr sen-level datum. 

- The quotations contained herein :from letters received from many 
of the most prominent engineers of the eonntry prove conclusively, it 
is believed, thn.t it would be for better for the country in its in­
dustrial nnd engineering developments if there were used only one 
datum and if that dnhnn were mean sea level. It. is realized by the 
members of the -Coast and Geodetic Survey that much of the con­
fnsion in datums which now exists is dueto the fact thit.t the precise 
le,·el ne.t of the United States was not exte.nded in the past ·as rapidly 
a<> it should have been. It, of course, was impossible, or rather im­
practicable., to e.xtencl a precise level net. into a.re.its through which 
railroads had not been run, for the expense would have been pro­
I:iibitive. It may be that the Survey did not. fully realize the neces­
sity for having all engineering and surveying work on the same 
datum, but in recent yenrs it hus been fnlly alive to the necessity of 
having a single datum for the entire country, and it is consequently 
extending its in·ecise leveling net ns rapidly as funds ava.ilnble. will 
perm.it. 

To show how act.ive the Survey has been in its precise leveling in 
recent years; it may be stated that in Decemhe.r, 1907, there were in 
the United States ~±,000 miles of precise leveling which had been run 
by the United St.ates Coa-:'it and Geodetic Survey, the Corps of Engi­
neers, United States Army, the United States Geological Survey, tJ1e 
United Stntes Lake Sune)', the Pennsyhania and t.he Bnltimore & 
Ohio Railroads, together with the Mississippi and Missouri Rher 
Commissions. The amount of precise le\·eling in the country in De­
cember, 1916, was 35,500 miles. It may be interesting to note that 
during the cnlendnr ycnr lfll(i about :!,;°500 miles of precise leveling 
were added to the net by the Con.st and Geodetic Survey. . 

That the 11mount of precise leveling in the United States is entirely 
inadequate is shown in the following tnhle which gi\1es the a.mount of 
leveling in many of the countries of the world. This table also shows 
the anionnt of such leveling for ench 100 squnre miles of area. "re 
should do11ble the amount of leveling in this country within the next 
few years. 
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Country. .\rea.. 
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Franoo ...•....................................................... 

1 

~:~ 

f ~~f~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~~~ ~ ~~ ~ ~ ~~ ~ ~ ~ ~ ~ ~~ ~ ~ ~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~~~~~~~~~~I 1, m:5 

.Miles or 
prooise 

IC\"Clillg. 

35,500 
20 

12,804 
13, 129 
'i,2S4 

33,1..i51 
4,t;Q3 
Y, 1211 

17,301 

19 

Miles of 
precise 

lewlingper 
IUU square· 
· milcsor 

area. 

1.3 
.0 

10.6 
5.4 
3.5 

rn.o 
4.:a 
5.3 
1.0 

"\Vhile. it is of value to the Nation for various organizations and 
individuals to adopt and use mean sea-level datum for their eleva­
tions, the country will benefit still more if each organization doing 
extensive leveling ·will publish in pamphlet form the elevations ancl 
descriptions of the bench marks they may esta.blish in order that 
other organizations and indiYiduals may properly coordinate thei1· 
levels. Engineers are urged also to use substa.ntial bench marks in 
order· that future work may be benefited by their preservation. In 
this connection it may be interesting to quote from a letter which 
was sent to the Engineering Record by F. D. Yeaton, of Oak Har­
bor, Ill. This letter appeared in the issue of 1\fay ~O. 1916: and is 
entitled: " Surveys and bench marks-more permanence needed.'." It 
reads as follows: 

Sm: I woulcl like to suggest a m(lre geneml usti of sea-level datum antl refer­
ence ties to public land lines 1'<:ir all surve~·s, the lnck of which will gen1frnlly 
be found to be weak points iu many surveys. The too frequent practke of 
usin~ nsstm1ed bench mm·ks. sueh ns spikes in ti·ees. or tops of eurbs, shoultl 
be 11iscontinued wherever practieable. Reference points. such ns stakes i"1111l 
marks opposite center of structures. are often used insteacl of township aml 
seetiou lines. It is only a que:>;tion of· a few years before assumed bench mai·ks 
and reference points will be destroyed. nncl the !;urveys w!ll he practic-ally 
vulu1:>less foi· future use. 

Recently I desired records <.•f high-~vnter mnrks along a certain strip .of land 
to use in establishing a high-water plane. Several ·dozen surveys. which had 
been made fo1· permanent bridge work nnd which contained lligh-wuter reciwds, 
were nhtainecl from the files. As is often the case. the surveys had been nwde 
from assumed bench marks. The .connecting links were mis;;ing nnd the sur­
veys were vnlueless for my purpose. 
· One finds mnny maps. profiles. and topographical 8un·e~·s on file in engineel'· 
ing offices benring prn<:tieally no direct relation to eaeh other. E11ginee1·s have 
had occa8ion in valuation work, and in lawsuits involving surveys. to hnndle 
maps and profiles the value of which would ha,·e been intrinsic if only some 
relation between the maps anr! the l)rofiles eould have been estnhlished. The 
engineering departments of both smnll and lnrge corporations are more or less 
nt fault in the matter of nllowiug sm·ye~·s to he made and filed which are of 
pl'acticall~· no future ''alue. 
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The. FellE't'nl Gon·rnment hns estnl:tlished sea-level benr:I1 marks and perma­
nent l:_mll line:'! in many pnrts of thE' countr~, nnll thei1· use shoul•I become more 
genE'rnl in surw~~·s of all kimls. 'l'he mo1·e gene1·n1 use of sea-IE'vel datum and 
lnn1l-line ties for survey'! will uid g1·eatly in re1lncing thE' 1luplicntion of field 
Sul'\·eys, null Will tend toward iuangul'nting n more permanent and eCOIIOUlical 
volicy of nrnking :rnll filing suneys. 

In the October 13, 1916, copy of Science there is a. short nrticle 
entitled·" Expedite the nmp. '' It announced that n committee to 
expedite the completion of the topogrnphic nrnp of the United Stntes 
ll:ld been formed, on the invitntion of the ·well-known geographe.r 
and geologist, P1·of. 'V. lVL Davis, of Harvnrd University. Prof. 
Davis, the writer of the nrticle. in Science, made t)1e statement: 

J:~n>ry imlustrr. · ni.t, and sciE'nce which llern:llllls n JmowlE'•lge of the lny of 
the lnncl is bencfit•Xl by good maps of the an~a in which worl;: i;; carried on. 
'.l'he general location of rnilway;; nui.l highways, the planning of water supplies, 
frrigntion. ancl llr11innge projects. the prosel·ution of geolog-ic:1l, soil. a11tl fore"t 
f'nrveys, the development of water powerl'l. and the installation of electric 
t1·:1ns111ission lines, the promotion of 1n:rge-sc:1le realty transactions such n.<; are 
common in the less settle<!- parts of the country, are all aided immense!~' if 
gi1f11l topographic maps of theit' areas are anlihi.ble, and they nre ·corresponll­
i11g!~' embnrrnssed if such nrnps nre wanting. Practical men who have hntl ex:­
T•l'l'ience in mapped an1l in unmnppetl m·eas can testify to the ease aJ11.1 the 
1liflkuUy of work in the two cases. 

This is admirably stated and is convincing in _showing the neces­
sity for accurate topogra.phic maps in the country. Engineers will 
realize thnt such maps can not be accnmte and can not be of the 
grea'test value unless each map or section of a map has its elevations 
and contours referred to a common dntmn. 

CONCLFSJOX, 

The Suney, whose obligation it is to extend the precise leveling 
net over the country for the use nf Federn.l, State., city, and other 
engineering, surveying, and mapping work, feels that the expressions 
of opinion of the lending engineers of the country point to only one 
conclusion. This is that the Federal Goveriunent should provide the 
:fundame.ntal elevations in sufficient nnmher that the VtH"ious Federal 
engineering and surveying organizations nncl the smaller· political 
units such as States, counties, and cities, as well as priva.te organiza- . 
tions and ii:idividnals, may have a.va.ilnble fundamental elerntions 
1.l}JOff "'hich to stnrt leveling, precise or otherwise, for detailed nper-
11tions. 

The amount of precise leveling·which should be. don(!! by the Federal 
(io,'ernment can not. be foretold. · It must depend upon the needs of 
the nuious organizations ancl"individuals using the results. After a 
certain de.velopment of the precise level net which appenrs now to be 
absolutely necessary, the rapidity with which further extensions are 
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made sho11ld depend upon the development 0£ the country. But such 
further ext1msions should precede rather than follow such de,'elop- · 
ment as is proved by the unfortunate condition of affairs in much of 
our engineering and surveying work, dne to lack of precise elevations 
in the past, when such work was imrngurnted. 

·with the increased demands for accurate topographic maps of the 
country, the wonderful extension of our good-roads monmient, the 
extension of the raih-oads, and the deYelopment of riwr, irrigation, 
and drainage projects, the precise leveling of the country should be 
carried in the near future into many of the large areas· now lrn.ving 
little or no accurate leveling. The further conclusion may be drawn 
.that it will be best for the efficiency of the country as a whole that nll 
new leveling, by the v:u·ions organizations and individuals engaged 
upon engineering and surveying work. be placed npon mean sea-le\'el 
clatnm, wherever this is practicable, and a.Iso tha.t as far as possible 
existing leveling referred to arbitrary datums should be changed to 

· sea-level datum. · 
It is hoped that as 1~ step toward the industrial preparedness of 

om· Nation the engineering press, the National, State, and city engi~ 
neering ·societies and associations, and engineering orga.niza.tions and · 
individuals of the country will take an active pa.rt in furthering the 
use of mean sea level as the datum for elevations. 

0 


