




























Figure 5.-Kern D.5-em double-scaled rod with braces. 
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Figure 6.-Kern D.5-em double-scaled rod on turning pin. 
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Figure 7.-Monroe 326 calculator and 392 recorder, Compucorp 396 interface unit, and Texas Instruments programmable terminal. 



permanent bench mark because of rain or other The millimeter factors given in the table for loop or 
problems. In forward and backward leveling, sections section misclosures must be multiplied by- the square 
between bench marks are run in forward and backward root of the distance (k) in kilometers to obtain the 
directions until two runnings in opposite directions tolerance limits. If k is less than 0.1 km, use 0.1 km or 
agree within tolerance limits given in table I .  This table square root k = 0.316 in computing tolerance limits for 
also shows tolerance limits from the simple mean when sections. 
three or more runnings are made of a section. In double- Wh 
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different rod constants between low and high scales, so When several forward and backward runnings have 
the difference check detects reversals of back and been made of a section, the tolerance limit, based on the 
foresight feadings as well as excessive reading errors and number of runnings and the section length, is first ap­
blunders. All rod readings are reo bserved if the plied to the absolute value of the differences from the 
tolerance limit is exceeded for any reason before the simple mean of all runnings. Rejections are made 
instrument and rear rod support are moved. Low and iteratively with the running with the largest difference 
high scale elevation differences are mea ned for each from the simple mean exceeding the tolerance limit 
instrument station and the means are summed to obtain rejected on each iteration. A new simple mean is 
the section elevation difference. The direction of determined from the remaining section differences at the 
running is reversed on alternate sections or work days in start of the next iteration. The process continues until no 
double-simultaneous leveling to reduce the more runnings are rejected or until only one forward 
accumulation of small systematic errors along the level and one backward running remain to be checked against 
line. the f+b tolerance limits. In forward and backward 

Table L-Tolerance limits for NOS
'
s National Geodetic Survey leveling, 

by order and class of surveys 

Order 
Class 

SSS or SFS 
DS 
SDS 

50.00 
2.00 
4.00 

I 2 
2 I 

(Limits given in meters) 
60.00 60.00 

5.00 5.00 
10.00 10.00 

(Limits given in millimeters) 
DDH 
Loop misclosure 
Section. f+b 

No. runnings 

0.25 
4.00 
3.00 

0.30 0.60 
5.00 6.00 
4.00 6.00 

Section, limits from the simple mean 
(millimeters) 

3 
4 
5 
6 
7 
8 

2.10 
2.33 
2.48 
2.59 
2.68 
2.75 

SBS = Stadia distance for Backsight. 
SFS = Stadia distance for Foresight. 
DS = Delta Stadia = SBS - SFS at any setup. 
SDS = Sum of Delta Stadia along a section. 
DDH = Delta Delta Height = low scale elevation. 

difference - high scale elevation 
difference between turning points. 

2.81 
3.10 
3.31 
3.46 
3.58 
3.67 

4.21 
4.66 
4.96 
5.19 
5.36 
5.51 

f+b = Forward run + Backward run elevation differences between bench marks. 
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2 
2 

70.00 
10.00 
10.00 

0.70 
8.00 
8.00 

5.63 
6.23 
6.64 
6.94 
7.18 
7.37 

3 

90.00 
10.00 
10.00 

1.30 
12.00 
12.00 

8.44 
9.34 
9.95 

10.4 
10.7 
11.0 



leveling at least one forward and one backward running 
must remain after rejections. 

First- and second-order levelings of the National 
Geodetic Survey satisfy specifications given in 
Classification. Standards of A ccuracy and General 
Specifications of Geodetic Control Surveys (Federal 
Geodetic Control Committee 1974). 

COMPUTATIONS AND ADJUSTMENTS 

The Monroe 326 calculator is used in the field office 
to recall the leveling observations from the 392 cassette 
recorder (fig. 7) and transfer them through an interface 
unit to a Texas Instruments 742 programmable com­
puter terminal, where they are listed and stored on 
another cassette. The TI 742 terminal is then used to 
transmit the data by telephone lines to a large computer 
in the Washington, D.C., area where they are stored on 
computer files and processed through a program for 
editing and conversion to a standard data base format. 
Descriptions of bench marks are keyed into the TI 742 
terminal, stored on cassettes, transferred to files on the 
same computer in the Washington, D.C., area, and 
processed through an editing program. The terminal is 
also used to operate a program at the large computer 
which selects data from observation and description files 
and prepares field abstracts. The results of the above 
program runs may be listed on the TI 742 in the field 
office, on a terminal at the main office, or on a line 
printer at the computer facility. 

The field parties plot the locations of bench marks on 
standard topographic maps and scale the latitudes and 
longitudes for use in subsequent office computations 
and adjustments. 

Office abstracts are prepared on the computer by ap­
plying office corrections for rod length, temperature, 
instrument collimation, refraction, nonparallelism of 
level surfaces, astronomic influences, and gravity, and 
then computing unadjusted elevations for bench marks. 
The abstract information is saved in computer files for 
adjustments and for publications. Least-squares 
adjustments are used to fit new leveling to the primary 
net, and to determine surface velocities for crustal 
motion studies. New elevations from the adjustments 
are stored on computer files for publication. 

Adjusted elevations and descriptions are merged in 
the computer, sorted by quads, and used to generate 
graphics and quad publications. 

BENCH MARKS 

In the early days of control leveling, the bench marks 
established along the lines of levels were of several types. 
Many were chiseled squares and chiseled crosses, often 
flanked by lettering cut in the masonry. These 'marks 
were established at infrequent intervals. After the lapse 
of years they became inconspicuous and frequently were 
destroyed by construction operations. When these 
widely spaced marks on a line of levels were destroyed, 
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the spacing sometimes became so wide as to cause great 
difficulty in securing a checked start for new leveling. 

At one time, bronze caps fastened to the top of iron 
pipes set in the ground were used as marks. However, 
these were soon discontinued because of rusting at the 
ground surface. 

Before 1905 small copper or bronze bolts were often 
leaded or cemented into masonry structures to serve as 
bench marks. A Ithough the bolts were more 
conspicuous than the chiseled squares or crosses, there 
was nothing on the marks to indicate their use. 
Consequently many were destroyed in construction 
projects. 

Around 1905, metal disks were introduced as bench 
marks. The first bench-mark disks or tablets similar to 
those now in use were cast of bronze. They were about 
83 mm in diameter and had a round shank centered in 
the back, 22 mm in diameter and 76 mm long. This 
shank was split, and a wedge was inserted to spread it, 
thus giving greater holding power. The disk had a 
depression in the center, about 64 mm in diameter by 13 
mm deep. Around the rim of the depressed portion were 
the raised letters "U.S.c.&G.S." Within the ring of 
letters was a smooth, nat, circular, raised portion, 38 
mm in diameter, on which the rod was held, 
representing the portion of the disk to which the 
elevation of the mark referred. These marks were not 
used very long because they filled up with dirt, were 
hard to recover, and required a thorough cleaning 
before reuse. 

Since then bench-mark tablets have been gradually 
improved. The present bench--mark disk for first- and 
second-order leveling is shown in figure 8, no. 3. This 
tablet has a 92-mm diameter, and a 76-mm shank. The 
surface of the disk is raised in the center, to which the 
elevation refers. When these marks are set vertically 
(shank horizontal) in walls, the elevation refers to the 
horizontal line in the center of the disk. 

During 1933-35, separate State organizations were 
developed to carry on geodetic surveys of second- and 
third-order accuracy. Funds were allocated by the Civil 
Works Administration and later by the Works Progress 
Administration, under the technical supervision of the 
Coast and Geodetic Survey, through State-appointed 
representatives. The points established by these State 
organizations were usually marked by bronze tablets 
similar in style to the standard bench-mark disk, but 
bearing the legend shown in figure 9, no. II. These disks 
were only 73 mm in diameter and had 64·-mm shanks. 
Some of the State organizations used special disks of the 
same type but different in appearance and size. The 
legend cast in them differed considerably from that cast 
in the standard "State Survey" disks. Another type of 
mark sometimes used by State organizations was a com­
mercial, round-headed, monel metal rivet, 10 mm by 51 
mm, set with only the round head exposed. 

In the years immediately before, during, and shortly 
after the expanded leveling program, a cooperative 
effort existed in which the engineering organizations of 
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Figure S.-Standard bronze marks of the National Ocean Survey/National Geodetic Survey. 
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1. Troven • •  'aUon marte. 
2. a.f.r.nc. mark. 
3. Allmulh mark. 
... T,'angulat'on .ta�O" 

mark. 
5. Oravlty .'atlon mark lold 

typel. 

8 

11 

6. MODn.,lc IIolion mark. 
7. Topographic .tatlon rna". 
•. Gudetlc b.nch mark 

Inew typ.l. 
9. Oravlty .tatlon mark 

Inew typel. 
10. Tidal I .. nch mark. 

1 ,. State Surv.y marie. 
12. OeodeHc bench marie 

lold typel . 

Figure 9.-Standard marks of the Coast and Geodetic Survey. 
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various railroads established extra bench marks ahead 
of our leveling parties to increase the number of 
permanent marks along level lines following the 
railroads. The monel metal rivets described above were 
used on this work. Many marks already established by 
the railroads were tied in. These marks vary widely from 
chiseled squares to elaborate marks of different kinds. 

Several different types of disks which were cast with 
slightly varying legends have been used by the Coast and 
Geodetic Survey since early in this century (fig. 9). 
However, most of them are about the same size and 
shape as the present standard tablet, and bear legends 
that are self-explanatory. They should be readily 
recognized by persons familiar with surveying 
operations. 

During World War I I , owing to a shortage of bronze, 
the Coast and Geodetic Survey used bench-mark tablets 
made of cast iron. These tablets were of the same size 
and shape as the standard bench-mark tablet shown in 
figure 8, no. 3, but manufacturing problems required a 
more simplified legend. The lettering is 18 mm high and 
reads simply "USC&GS BM. " 

Bench Mark Designations 
Metal disk-type bench marks are identifiable by 

designations that have been stamped by dies. 
Theoretically, no two bench marks are stamped with the 
same designation in any one State. A few States use one 
or more series of duplicate designations. 

The system generally used by the NGS for numbering 
bench marks is: The first mark established in a State is 
designated "A," the next "B," and so on through the 
alphabet, except that the letters "1" and "0" are no 
longer used because they are easily confused with the 
numbers I and O. The next series of marks is identified 
as UA I ," " S  I ," etc., the next "A 2," " S  2," etc., the 
number being increased by one for each new set. 

The State survey disks (fig. 9, no. I I ) are not 
ordinarily numbered in accordance with the above 
system, but are identified by individual State 
designations. 

REQUESTS FOR VERTICAL CONTROL 
DATA 

Any request for bench mark elevations must be 
accompanied with specific information on the character, 
designation, and exact location of the mark in question. 
To avoid delay and confusion, requests for elevations of 
bench marks should give the letter, number, and year 
that are stamped on each disk; the State in which each 
disk is located; and the distance and direction from the 
nearest town. The requester should also provide brief 
information on the character or location of the mark. 

It is well to include rubbings or imprints of the marks 
with the request. A rubbing may be made by placing a 
piece of light- or medium-weight paper over the disk and 
rubbing over the paper with a hard pencil to bring out 
the legend on the disk. An imprint may also be made by 
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placing a piece of household aluminum foil on the disk 
and pressing it with the hand or a soft eraser. Other 
surveying organizations sometimes use systems that 
correspond so closely to the system used by the NGS 
that confusion results unless the name of the organiz­
ation is cast in the disk. 

Engineers or surveyors who are about to undertake 
field work may wish to obtain data concerning all bench 
marks in the specific territory. Control diagrams have 
been published by States showing the routes of leveling 
and publication line numbers. These State diagrams 
are being replaced by a new series covering 10 latitude 
by 20 longitude on a I :250,000 scale showing both horiz­
ontal and vertical control. Until recently, vertical 
control data were published by lines (the numbers of 
which are shown on the State diagrams). New data are 
now being published and old data republished by areas 
covering 30 minutes latitude by 30 minutes longitude. 

The NGS annually receives several thousand requests 
for elevations and related information which are 
provided through the NGS geodetic data user-charge 
service. Vertical control information is also provided to 
subscribers of the NOAA Geodetic Control Data 
Automatic Mailing List Agreement for a nominal fee. 
There is presently no charge to agencies of the Federal 
Government, educational institutions, or libraries for 
either service. Inquiries should be directed to the 
National Geodetic Information Center (NGIC) at the 
following address: 
NOAA, National Ocean Survey 
National Geodetic Survey 
National Geodetic Information Center, C I 8  
Rockville, M D. 20852 

Elevations of Cities and Towns 
The NGS often receives requests for the elevations of 

towns, cities, or other large areas. Often requests fail to 
specify whether the maximum, minimum, or average 
elevation is desired, or what use is IJJ be made of the 
data. This information must be supplied if the request is 
to be satisfied. 

Often approximate elevations arc required for use in 
deciding which of several places is best suited to some 
sort of recreation, to the search for health, etc. 
Sometimes accurate elevations are described at 
particular locations in a city for the purpose of adjusting 
aneroid barometers. In many cases, elevations of bench 
marks can be given with great accuracy. From these, 
other elevations can be determined locally. 

COOPERATION IN PRESERVING 

BENCH MARKS 

Reports on Condition of Marks 
The final results of all the field and office work related 

to control leveling are represented by the marks 
themselves and the lists of the descriptions and their 
elevations. A bench mark is useful only as long as it is 



recoverable. When changes occur in the surrounding 
natural and cultural features, it becomes increasingly 
difficult to find the mark by means of the published 
description. People who visit Government bench marks 
can do a public service by reporting the condition of the 
marks and making suggestions for changes in the 
descriptions. Such reports are solicited and are very 
much appreciated. 

NOAA Form 76-91, Report on Condition of Survey 
Mark (see fig. 10), is a 127 x 203-mm card used to report 
the condition of marks. Copies will be furnished by the 
NG IC to anyone who searches for or recovers NGS 
(C&GS) bench marks and is willing to report their 
condition. The cards are self-addressed and require no 
postage. Sample blank forms are provided at the end of 
this publication. 

Stamping Elevations on Bench Marks 
Elevations are no longer stamped on bench-mark 

disks, since many factors contribute to vertical change. 
Some of these are: frost action; varying moisture content 
of soil; removal of underground water, oil, and gas; fault 
lines; and earthquakes. A releveling will often indicate 
that a mark should have a new elevation or requires a 
readjustment of lines. 

Relocation of Bench Marks 
Frequently, new construction, or repairs to existing 

structures, necessitates the destruction of bench marks, 
despite efforts to place them permanently. If these 
marks are to be preserved, we must depend on the co­
operation of engineers and surveyors throughout the 
country. It is in the best interest of everyone that bench 
marks be relocated rather than destroyed. 

Whenever a mark must be moved, a letter should be 
sent to the Director, National Geodetic Survey, 
National Ocean Survey, NOAA, Rockville, MD 20852, 
stating the necessity for moving the mark, the ap­
proximate time limitation, and the mark designation. 
The designation consists of tne letters and numbers 
stamped with dies on the disk. It is also desirable to 
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furnish a rubbing of the disk (as explained previously). 
Upon receipt of this information, the NGS will usuall� 
send a representative to replace the mark. 

When a mark maintenance representative is not 
available to move the mark within the time required, 
private engineers or those from other Governmental 
agencies are requested to do the work as a public service. 
This office has no funds to pay for relocation work, but 
will furnish a new disk stamped to show that it is a 
replacement. 

The proper procedure, in most cases, is to place the 
new mark in a safe place nearby and level from the old 
mark to the new one with an engineer's level and rod. 
The leveling should be run twice to avoid large errors, 
and all readings should be made to three decimal places 
to preserve the accuracy of the original surveys. The new 
mark need not be established at the same elevation as 
the old mark. 

The old mark should not be disturbed until the 
observations involved in the leveling have been checked 
by the observer or the recorder. An assumed elevation 
for the old mark may be used in the leveling if the 
elevation is unknown, since we are concerned principal­
ly with the difference of elevation between the old mark 
and the new one. 

After the new mark has been established and leveling 
to it accomplished, the old disk should be removed and 
returned in a franked mailing sack supplied by NOAA, 
NOS, National Geodetic Survey, Code C I 72, Rockville, 
MD 20852. A complete report «fig. I I ) should also be 
forwarded to NGS, C 172, giving a description of the 
location of the new mark and a copy of the field notes 
involved in the transfer of elevation. A franked envelope 
will be furnished by this office. The cooperation 
extended by individuals and organizations to this 
organization in preserving bench marks is a public 
service, not only to NGS and other Government 
surveying organizations, but to 'all who may have 
occasion to use the marks in the future. 



U. s. De:�ARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOS,"HERIC ADMINISTRATION 
NATIONAL OCEAN SURVEY PO'T"'G� ... ".0 I'��I ,. ... '0 

U.I. O�P"''' TM, ,,, T 01' COMMII:"C � 
COM-210 

ROCKVILLE. MO. 208SZ 
OFFICIAL BUSINESS 
�IlNALTY FOR "U VATI USE, 1300 

NATIONAL ocaAN SURVay 

NATIONAL. •• ODETtC IURVIlY INP'OIltMATION CENTIl .. , C-'. 

NATIONAL. OCEANIC AND ATMC)I: �HIlRIC ADMINIITRATION 

( front s ide ) 

REPORT ON CONDITION OF SURVEY MARK Form Appro.ed 
<"d,cI BII'CIII No_ <t1-RI923 

U 1 5 0  1 9 4 1  
Nlme or De'i'rllll ion: ______________________ Yur Esublished: 

S" te: ___ --"P�A"_ _______ County: Hunt ingdon Orglniulion ESlabli.hed by: _--"C,,&OG"'S'-_____ _ 

Di.tuce Ind direclion from nelrUI town: about 4 . 6  miles north a long PA RR from station at 
Huntingdon 

Description published in: (Line. booll, Or qu.d.an" e  "","b.,) _____ 
Q"-'u""aOd'-C4CO"-'OC7:...::SC1o... _______________ _ 

Mark 'ealched for or recovered by: Name _ __ �R�o�g�e=r-cC�,�P�o�e=-___________________ _ 

Or,aniul ion - Michael Bake r .  Jr . ,  I n c .  

Date of report June 17 , 1 9 7 5  Addre .. _ _ -,P'-!., -,O:..,=--.::B"o"x,--.::2",S,,0,-,-, ....::B"e"a"-v=e"r�,'--.:.P.!.A'--1=5,,0,,0:..9"__ _______ _ 

Condition of math: List lette,. and numbera found sllmped in (not cast in) each marlc.. 

U 150 1941 

M,.rka accessible? (!J Yu 0 No Propeny owner contacled? Q Yel � No 
Ple.se repon on the thoroughness of Ihe search in case a mark was nOI recovered, su" esled chan,e' in descriplion, need for 
repairinS or movin, the mark, or other pertinent facts; 

Witness POSt? Yes __ No� 
Witness POll set _ feet __ of ___ mark. 

If oddl'lonol fonn, ar. " .. d.d, '"dlcol. "umb •• •• quir • .,. ____ _ Witness POSt set _ (eet __ of ___ mark. 

MOAA ,.ORM 76-91 
1 1 1-7.1) 

U ••• OIE�A"TMIi"'T O� COMMERCii · NATIONAL OCEANIC A"'O ATMOSPHERIC AOMINISTR""TlO"'· N""TlON""", OC(""N 5U"V(Y 

( reve r s e  s ide) 

Figure I O,-Example of a properly executed NOAA Form 76-9 1 ,  Report on condition of survey mark, 
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!!O_�� FORM 76-60 
(.'71/  N A T I O N A L  O C E A N I C  ANUO �'T��;�=�:�c"!DO!N I S T R A T I O N  

REPORT ON R ELOCATION OF BENCH MARK 
(See instructions on reverse side) 

� DESCRIPTION OF O R I G I N A L  M A R K  

DESIGNATION OF M A A K  

K 1 3 3  
S T A T E  

I
COUNTY 

New Mexico Luna 

2 . 9  miles north along State Highway 1 1  from the Southern Pac i f ic Company 
Railroad station a t  Columbu s ,  Luna County , 6 4  f e e t  west o f  a row o f  
pole s .  3 8  feet east o f  t h e  center l ine o f  the highway , and 1 . 1  feet 
east o f  a white wooden witness pos t .  A s t andard d i s k ,  s tamped 
" K  1 3 3  1 9 3 4 "  and set in the top of a concrete post proj �ction 1 foot 
above ground . 

K 1 3 3  1 9 3 4  
PUB LISHED O N  S T A M P I N G  

B. W A S  O R I G I N A L  B E N C H  MARK OESTROYED? � YES D NO H O R I Z O N T A L  C O N T R O L  POINT? o Y EI U NO 
R E M A R K S  

2 3  March 1 9 7 7  
O A T E  O F  L E V E L I N G  

Feet � .. -�- , .  

P O I N T  B.S. H . I .  F.S. e L E V A T I O N  REMARKS 

U 3 . 7 9 1  � , 1 8 2 . 7 5 9  1'1 , 1 7 8 . 9 6 8  f t  weather : c l ear , warm , calm 

5 . 1 9 1  � , 1 7 7 . 5 6 8  

An apparent attempt had 

# 2  3 . 7 6 7  4 , 1 8 2 . 7 3 5  4 , 1 7 8 . 9 6 8  been made to remove old 
disk without succe s s .  BM 

5 . 1 6 7  
did not appear to have 
been moved . 

# 3  3 . 4 4 4  4 , 1 8 2 . 4 1 2  4 , 1 7 8 . 9 6 8  4 , 1 7 8 . 9 6 8  f t .  o l d  

4 . 8 4 4  4 , 1 7 7 . 5 6 8  - 1 .  4 0 0  f t . d i f ference 

4 , 1 7 7 . 5 6 8  f t .  reset 

c .  DESCRIPTION OF N E W  MARK 

STAMPING pN N E W  MARK K - l 3 3  Reset 1 9 7 7  

2 . 9  miles north along State H ighway 1 1 , from the O l d  Southern P a c i f i c  
Company Rai lroad station at Columbu s , Luna County , in l ine with a row 
o f  power pol e s , 9 9  feet east of center l ine o f  h ighway , and 1 . 0  foot 

west o f  highway right-of-way fenc e ,  a t  m i l e  po s t  6 . 1 3 .  A standard d i s k ,  

stamped " K - 1 3 3  Reset 1 9 7 7 "  and set in the top o f  a concrete post 

projecting 1 foot above ground . 

S I G N E D  
·S',ilce out unit NOT used. ....GENCY 

Figure I I .-Example of a properly executed NOAA Form 76·60, Report on relocation of bench mark. 
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t a i l e d  explanation a l lows the u s e r  t o  evaluate e l e c t romagnetic d i stance measuring instru­
me n t s .  

NOS NGS-ll Ap p l i c ab i l i t y  o f  array algebra. Richard A .  Snay, February 1 9 7 8 ,  2 2  p p  (PB2 8 1 1 9 6 ) . Condi­
t ions required for the transformation from matrix equations into compu t a t i o na l ly more e f f i ­
c ient array equations are considered. 

NOS NCS-12 The TRAV- I O  
( P828308 n .  
program are 

horizontal network a d j u s tment program. Charles R. 
The d e s i g n ,  obj e c t i ve s ,  and spec i f ic a t i o n s  of the 

p r e s e n t e d .  

Schwa r z ,  Apr i l  1 9 7 8 ,  5 2  p p  
horizontal c o n t r o l  adjustment 

NOS NGS- 1 3  Ap p l ic a t ion of three-dimensional geodesy to a d j u s tments of horizontal network s .  T .  Vincenty 
and B. R. Bowr ing , June 1 9 7 8 ,  7 p p  ( P B286 6 7 2 ) .  A method i s  given for a d j u s t i n g  measurements 
in three-dimer.sion�l space wi thout reducing them t o  any computational s u r f a c e .  
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1 9 7 8 ,  44 p p .  Resu l t s  are given for a space s y s t e m  v a l i d a t ion study conducted a t  the 
C o l d s t one , Ca l i f . , Deep Space Communication Comp lex. 

NOS 6 5  NCS 

NOAA Technical Repor t s ,  NOS/NCS subse r ie s 

The s t a t i s t i c s  o f  residual s and the d e t e c t ion o f  ou t l ie r s .  A l l e n J .  Pop e ,  M ay 1 9 7 6 ,  
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NOS 6 8  NGS 4 T e s t  r e s u l t s  o f  f i r s t-order c l a s s  LLL leveling. Charles T. Whalen and Emery Balaz s ,  No­
vember 1 9 7 6 ,  30 pp (GPO# 003-0 1 7 -00393- 1 )  ( P B265 4 2 l ) .  Spec i f i cat ions for releveling the 
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t o  the l a t e s t  observational 
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harmonic and non-harmoni c ,  are suitable as geome tric pred i c t ion functions for surface 
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