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PREFACE

All routines were written in VAX/VMS FORTRAN 77. Conversion to other 
computers would require a moderate amount of time for an experienced 
programmer. The largest floating point number on the VAX, hex ffff7fff 
(approximately 1.7 X 10^8), is used to flag areas in grids that have no data.

INTRODUCTION

This program uses a Taylor's series expansion to approximate the 
continuation of potential-field data observed on a level surface onto an 
irregular surface (level-to-drape continuation) or vice versa (drape-to-level 
continuation). The method is presented and discussed in detail by Cordell and 
Grauch (1984).

The vertical differentiation required by the Taylor series expansion and 
any level-to-level continuation or filtering that is required are accomplished 
by fast Fourier transform (FFT) methods coded by Hildenbrand (1983). Input 
data should be in USGS standard grid format (see Appendix A). Grids which are 
incompletely filled with data are allowed but the incomplete areas will be 
filled using the extrapolation technique described in Hildenbrand (1983) 
before FFT transformation begins.

THEORY

The Taylor series expansion method follows that of Cordell and Grauch 
(1984) and is only briefly described here.

Level-to-drape continuation. Let f(z) be potential field data observed 
on an irregular surface which is described as a distance z (z positive down) 
from a certain reference level (z = 0). Then f(z) can be expanded as a 
Taylor's series about the point z = 0 (MacLaurin series) as

f(z) = f(0) + z f(0)
3z

Data observed on the reference level then can be used to approximate data on 
the surface z, providing z is small enough so that the series converges. 
Assuring that z is small enough requires the proper choice of the reference 
level and a small relief of the surface compared to the grid interval 
(discussed below). If data were observed on a level that cannot be 
conveniently assigned as the reference level (fig. 1) then level-to-level 
continuation can be performed first before the Taylor's series expansion is 
applied.

Drape-to-level continuation. If we know f(z) but do not know f(0) (fig. 
2) we can rearrange the Taylor's series expansion of f(z) to become



draping surface

Figure 1. A common level-to-drape situation. Aeromagnetic data 
observed on flevel will be continued onto the draping surface, 
zlevel is the z reference level needed for the Taylor's series 
expansion.

    flevel 

draping surface

zlevel

Figure 2. A common drape-to-level situation. A draped aeromagnetic 
survey will be incorporated in a more regional data set at the 
level flevel. The Taylor's series expands about zlevel.



2 2 
f(0) = f(z) - z g|- f(0) - f- -^ f(0) -     .

9z

This equation can act as a recursion formula to successively approximate f(0) 
thusly:

= f(z) - Z £(0) - -
9z

To see how good is the nth approximation, we can re-drape the level-data 
approximation using the level-to-drape operation and compare the results with 
the original, known, draped data. Thus the recovery error for the nth 
approximation is defined as

and so

f^l (0) = fn (0) * £n *

Thus the recovery error can provide some sort of estimate of error at 
successive approximations but does not constitute the error of the 
continuation process itself.

We now need only a beginning approximation to get started. Cordell and 
Grauch (1984) found that the best first approximation was to treat f(z) as 
though it were on a level and project it onto -z using the level-to-drape 
equation:

2 2 
f, (0) = f(z) - z^- f(z) z 92,29z

Drape-to-drape continuation.  Successive drape-to-level then level-to- 
drape operations constitute drape-to-drape continuation.

PRACTICAL CONSIDERATIONS

FFT problems. Inherent in the FFT methods that are required for this 
continuation method are high-frequency artifacts of the discrete FFT (Cordell 
and Grauch, 1982), the problems of amplifying high frequency noise (due to 
various causes), and edge effects (discussed in Hildenbrand, 1983). Therefore 
it is usually desirable to lowpass filter the data while the derivative and 
downard-continuation operations are being performed. Hildenbrand (1983) 
describes the operation of lowpass filtering in detail. Briefly, two 
wavelengths describe the filter, wl and w2, where w2 _>_wl (fig. 3). All 
wavelengths in the data that are less than wl will be removed from the data



and all data that have wavelengths greater than w2 will remain, 
wavelengths in between wl and w2 will be partially removed.

Data with

g
D

w 1 w2
WAVELENGTH (increasing 

FREQUENCY (decreasing

Figure 3. Picture of the lowpass filter used 
in TAYLOR in the frequency domain. Wavelengths 
greater than w2 (low frequencies) are preserved 
(passed), while wavelengths less than wl (high 
frequencies) are squelctredr Wavelengths between 
wl and w2 are partially removed.

When to use the Taylor's series method. Deciding when the Taylor's 
series expansion method is appropriate for a certain situation, how many terms 
of the series to use and/or how many iterations to make is very empirical. 
The main factors to consider, however, are relief of the irregular surface in 
terms of grid interval, and the frequency content of the observation surface 
and of the potential field data to be continued. The following is a list of 
empirical observations made from tests on theoretical data; they do not 
constitute any more than broad guidelines to follow. It should be emphasized 
that a lack of familiarity with the problems inherent in the use of FFT 
methods will severely handicap the usefulness of this continuation method.

Level to drape.
1. If the anomalies of the original level data are very smooth and 
broad, the Taylor series is quite stable up to a maximum magnitude of z 
greater than 4*dx, where dx is the raow and column spacing of the input 
grid. For "typical" aeromagnetic data, however, the series begins to 
diverge somewhere between dx<|z|< 2*dx. The divergence can not always be 
discerned from the "smoothness" of the output contours!
2. Using 3 terms of the Taylor series is always recommended over only 
using 2 terms for level-to-drape.   ,



Drape-to-level
1. The same goes as for #1 above except that the drape-to-level 
operation is more sensitive to high-frequency input.
2. Using 2 terras of the Taylor series works better than 3 terms most of 
the time for drape-to-level.
3. I recommend using 2 iterations when running the first time. Watch 
the recovery error (especially the standard deviation) to see if it is 
getting smaller with the second iteration. If so, the output can be 
used. If not, check the relief of your surface (you may have gotten a 
warning message). If the total surface relief is low enough, try a more 
severe lowpass filter (wl and w2 larger). If the surface relef is too 
high, try a coarser grid interval.

EXAMPLE

The reasoning that determines the parameters to use in TAYLOR will be 
demonstrated through use of a practical example. Figure 4a shows data from an 
aeromagnetic survey that was flown on a tilted plane (figure 4b). We wish to 
drape the data 304.8 m (1000 feet) above ground, or onto the surface shown in 
figure 4c. The operation involves two steps: drape-to-level then level-to- 
drape. The following summarizes the information needed for the first step.

Minimum flight elevation: 304.8 m
Maximum flight elevation: 609.6 m
Mean of flight surface: 458 m
Grid interval: .2 km

A reference level of 500 m is close to the mean and gives a maximum of 
195.2 m to continue up to the 500 m level and a maximum of 109.6 m to continue 
down to the level, both maximums less than the grid interval. It is desirable 
to have the reference level a little higher than the mean of the surface for 
drape-to-level operations so that more data on the surface is continued up to 
the level rather than down to it.

Because so much data are missing in the original grid, the data were 
extrapolated to cover the entire grid using the same gridding routine used to 
grid the data in the first place. The plugging routine used in FFTFIL . 
(Hildenbrand, 1983) and thus TAYLOR is not reliable in such extreme cases of 
missing data.

The first run of TAYLOR using two terms only and default filtering 
parameters wl and w2 (see figure 3) of 0.4 and 0.8 km gave the following 
results:

RECOVERY ERROR MAGNITUDE 
Iteration Max Mean Std. Dev.

1 128.742 1.21609 5.50400
2 123.792 0.93172 5.01649

The method seemed to be converging but the maximum error and standard 
deviation especially are large compared to the desired contour interval of 10
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gammas. Using wl=0.8 and w2=1.2 gave

RECOVERY ERROR MAGNITUDE 
Iteration Max Mean Std. Dev.

1 46.1606 1.06558 3.64650
2 28.2923 0.58826 2.16909

and is considered acceptable.
To demonstrate the desirability of the use of only two terms of the 

expansion over three terms, the following results were obtained for three 
terms using wl=0.8 and w2=1.2.

RECOVERY ERROR MAGNITUDE 
Iteration Max Mean Std. Dev.

1 87.9274 1.72113 6.12554
2 95.3636 1.70490 6.69927

The method is not converging.
The information needed for the second step, the level-to-drape operation, 

is shown below.

Minimum of draping surface: 486 m
Maximum of draping surface: 742 m
Total relief: 256 m
Mean of surface: 561 m
Grid interval 0.2 km

A reference level of 600 m gives 114 m maximum to continue down to the 
surface, 142 m to continue up. Analogous to the drape-to-level situation, the 
maximum amount to continue downward should be less than the amount to continue 
upward, and the reference level should be near the mean value of the draping 
surface.

Note that from the drape-to-level operation we ended with the data on the 
500 m level. A reference level of 600 m here requires upward continuation of 
100 m before the Taylor's series is applied. This operation constitutes a 
lowpass filter on the data, so no filtering of the data during the level-to- 
drape operation is necessary.

Figure 4d shows the final results. Because the relief of both the flight 
surface and draping surface was so low compared to the grid interval, there is 
not a large difference between the original and the final result.

PROGRAM EXECUTION

TAYLOR may be run interactively or with a FORTRAN namelist command 
file. If run interactively one has the choice of being asked very descriptive 
questions or very brief questions. After answering the interactive questions 
a command file can be created by the program for later use by the user. 
NOTE: The command file that is created by the program does not write the 
following parameters into the file: iter, title, or any file names. These



parameters can be added with an editor or if left blank, they will be asked 
for during program run.

Begin program run. The first question asked is

1 - level to drape operation
2 - drape to level operation

Enter option:

Enter number indicating the operation desired. The second question is 

Enter command or command file name:

Commands are help, exit and term, term will start the interactive mode, 
help, exit are self-explanatory. Any other character string entered will be 
taken as a command file name.

Parameters

idval

flevel

convf

zlevel

nterms

Switch to tell whether input grids have incomplete data or 
not. For level-to-drape option, idval = 0 means input grid is 
complete, idval = 1 means it is incomplete, while the 
observation surface grid may have incomplete data or not but 
does not affect the idval parameter. For the drape-to-level 
operation, idval=0 means both the data grid and surface grid 
have complete data and idval=l means that either the data grid 
or the surface grid have incomplete data. Default is 0.

level-to-drape: level at which input data are observed, 
drape-to-level: level to which data are desired to be 
continued. Units of flevel must be the same as the units of 
the irregular (draping) surface.

Conversion factor to convert data of draping surface to those 
of the grid, negative if z is positive down, positive if z is 
positive up (e.g., elevation above sea level). For example, if 
the irregular surface is elevation in meters and the grid 
interval is kilometers, convf = .001. Default is 1.

Reference level for the Taylor's series expansion. This level 
should be chosen in order to minimize the distance between the 
level and irregular surface. Default is that program chooses 
zlevel. Units the same as those of the irregular surface.

Number of terms to use in the Taylor's series expansion. 2 
terms truncates after the 1st derivative term, 3 terms after 
the 2nd derivative term, nterms = 3 recommended for level-to- 
drape, nterms = 2 recommended for drape-to-level. Default is 
3.



iter drape-to-level only. Number of iterations to make in the
recursion formula. Choice of 1 or 2 iterations, giving the 2nd 
or 3rd approximation, respectively. If iter =-1,2 iterations 
will be made while saving the 2nd approx. (made before final 
continuation to flevel) in file fl.tmp. Default » 2.

ifilt 0 - no filtering
1 - filter derivatives of Taylor series
2 - filter derivatives and filter during continuation operation 
(usually only used for downward continuation).
3 - filter during continuation only. Default = 0.

wl w2 Important only if ifilt ^ 0, w2>wl. wl and w2 describe the
lowpass filter to be used (fig. 3). Units are the same as grid 
units. Defaults are wl=2*dx, w2=4*dx.

nadd Number of rows and columns to add in order to extend the grid 
and thereby reduce edge effects. Same as in program FFTFIL 
(Hildenbrand, 1983). Default = 0.

ifile Input data file in standard USGS grid format (see Appendix A), 
enclosed in single quotes. The first row of this file must not 
be entirely flagged data (incomplete). The grid interval in 
the x- and y-directions must be equal (dx=dy).

sfile Input USGS standard grid of- the irregular (draping) surface,
enclosed in single quotes. The first row of this file must not 
be entirely flagged data (incomplete). Grid specifications 
must exactly match those of ifile.

ofile Output grid filename, enclosed in single quotes.

title Up to 56 characters of title for output file, enclosed in 
single quotes.

10



EXAMPLES

Example Run #1
1 - LEVEL TO DRAPE CONTINUATION
2 - DRAPE TO LEVEL CONTINUATION

ENTER OPTION: 1 
CQMMRND DP COMMAND FILE NAME! TERM

BEGIN ENTERING PRRMS INTERACTIVELY.
IjRNT ME TO ASK VERBOSE ('AS OPPOSED TD BRIEF^1 QUESTIONS? Y

WILL INPUT DATA PIl_E HAVE DVALS? N 

WHAT is THE FACTOR TO CONVERT THE UNITS OF MERSURE DP THE SURFACE INTO THE
UNITS DP MERSURE DP THE GRID INTERVAL <E.G. .001 IP SURFACE IS IN M AND 

GRID UNITS IN KM.:' . ENTER THE NEGATIVE OF THIS NUMBER IF THE SENSE DP THE 

SURFACE FILE IS Z POSITIVE DOWN. 

CONVERSION FACTOR = . 001

GIVE THE LEVEL AT WHICH THE INPUT DATA WERE OBSERVED IN THE SAME UNITS AS THOSE 

OF THE DRAPING SURFACE. (REMEMBER TO BE CONSISTENT WITH WHETHER UP OR DOWN 

IS THE POSITIVE DIRECTION..:1 

FLEVEL= 500

THE TAYLOR SERIES EXPANDS ABOUT A z REFERENCE LEVEL THAT SHOULD BEST BE NEAR
THE MEAN OF THE DRAPING SURFACE SO THAT THE DEVIATION OF THE SURFACE

ABOVE AND BELOW THAT LEVEL IS THE LEAST AMOUNT. ENTER THE LEVEL IN THE

SflME UNITS USED FOR THE DRAPING SURFACE.

ENTER ZLEVEL (l.E+38 TO USE DEFAULT^: l.E+38 

BANDPASS (LOWPASS;' FILTERING is OFTEN DESIRABLE DURING THE IST £ £ND VERT.
DERIVATIVE-TAKING OF THE TAYLOR SERIES EXPANSION OR IN THE CONTINUATION 

OF FLEVEL TO ZLEVEL OR VICE VERSA. 0> COURSE IF ZLEVEL=FLEVEL.« FILTERING 

THE CONTINUATIO IS NOY DESIRABLE.

ENTER FILTERING OPTION <-l FOR HELP>: -1
0 - NO s-ILTERING

1 - FILTER DERIVS ONLY
£ - FILTER DERIVS AND CONTINUATION
3 - FILTER CONTINUATION ONLY

ENTER FILTERING OPTION <.-! FOR HELP;' : 1

TWO WAVELENGTHS wl <=Wc! DESCRIBE A (TAPERED^1 LOWPASS FILTER. REMEMBER
WAVELENGTW=c! * ANOMALY WIDTH. DEFAULTSl wl=c!*GRID INTERVAL.' w£=W 1 +£+GRI D 

INTERVAL. Wl S: w£ ARE IN SflME UNITS AS GRID INTERVAL.

ENTER wl AND w<£ (TYPE 0 0 TO USE DEFAULT;' 0 0

IT OFTEN HELPS THE FFT OPERATION TO EXTEND THE NUMBER OF ROWS AND 

COLUMNS BY A SMALL PROPORTION OF THE TOTAL GRID ENTER THE NUMBER TO 

ADD TO THE COLS AND ROWS! 

NADD = 4

NOW I CAN CREATE A COMMAND FILE WITH ALL THE PARAMETERS YOU PICKED 
SO THAT YOU CAN EDIT AND'-OP USE IT FOR A LATER PROGRAM RUN.

WANT TO SAVE THIS INFO IN COMMAND FILE? Y

**COMMAND PILE TAYLOR.CMD CREATED**

INPUT PILE '-.LEVEL SURVEY;'! EAG3.TMP

ENTER DRAPING OR IRREGULAR SURFACE GRIDS EAGO3.JIG

OUTPUT FILE! EAG3A.DRP 
ENTER TITLE 
LEVEL TO DRAPE

USING z REP. LEVEL OF 670.000 
USING w 1 j we! = 0.400000 0. S 00000

COMPUTING... 

FOPTRRN STOP

11



Command file created by previous example

&FARMS FLEU'EL = 5 0 0 . 0 0 0 9 CONt-'F = 0 . 1 0 0 0 0 OE~ 0£ 9 NTERMS=3 
IFIl_T=l 9 NABD = 4* HH-'AL=0 &  

$

Example Run #2

1 - LEl-'EL TO DRAPE CONTINUATION 
£ - DRAPE TO LEl-'EL CONTINUATION

ENTER OPTION: £ 
COMMAND OR COMMAND FILE NAME! TERM

BEGIN ENTERING FARMS INTERRCTI '.-'ELY.
I.I.IRNT ME TO ASK L-'ERBOSE <i=»s OFFDSEI' TO BRIEF;' EUESTIONS? N

WILL EITHER INPUT FILE HR«,-'E Dt-'RLS? N 

CONix'ERSiaN FRCTOR = . 001

ENTER ZLEI--EL Q.E+3S TO USE DEFRULT> : 500
FLEU'EL = 500

WRNT £ OR 3 TERMS IN TRYLOR EXFRNSIDN? £ 
ENTER FILTERING OPTION < 1 FOR HELP^: -1 

0 - NO FILTERING
1 - FILTER DERI'y'S ONLY

£ - FILTER DERH''S RND CONTINURTION 

3 - FILTER CONTINURTION ONLY- 

ENTER FILTERING OPTION Ol FOR HELP^1   1

ENTER wl RND we' <TYPE 0 0 TO USE DEFRULT.:' .8 l.£ 
NRDD = 4 
ENTER ITER! -1

WRNT TO SR«,-'E THIS INFO IN COMMAND FILE? N

INPUT FILE <DR«PED SURi-.-'EY.:'   ERG3.GRD

ENTER DRAPING OR IRREGULAR SURFACE GRIDS EAGS.PLN

OUTPUT FILE! EAGS.TMP
ENTER TITLE
DRAPE TO LEi.-'EL OPERATION? TD LE»x'EL 500

RECOVERY ERROR MfiGNITUDE 
ITERATION MAX MEAN STD

1 46.1606 1. 06553 3. 64650 
£ £8.£9£3 0.583£59 £.16909

1ST-ITER. RPPROX. t.ON Z REF. LE».-'EL> IS IN FILE F1 . TMP

FORTRRH STOP

12



Command file used in the following example

SFARMS
B>UEU'E1-=500!' CONi.*'F=. 001 .« ZLEU'EL=500? NTERMS=2;» ITER=tE:? IFILT=1 y NADD=4.*
IFILE=-'EAG3. SRI''' 9 SFILE=""EA«53. PLN'' !» OF ILE="'EA«33 . TMF ' .«
TITLE=''TEST OF EAGLE 3 X
$

Example Run #3

1 ~ l_E«yEl- TO DRRPE CDNTINURT1DN 

£ - DRftPE TO LEVEL CONTINUATION

ENTER OPTION: 2
COMMAND OR COMMAND FILE NAMES MYTAYLOR.CMD 
USING wl.«w£= 0.400000 0.800000

ITERATION

1 
£

FORTRfiN STOP

RECOVERY ERROR MRGNITUDE 
MAX MEAN

1£8.74£ 1.21609 
1£3.79£ 0.931721

5.50400
5.01649

REFERENCES

Cordell, Lindrith and V.J.S. Grauch, 1982, Reconciliation of the discrete and 
integral Fourier transforms: Geophysics, V. 47, no. 2, p. 237-243.

Cordell, Lindrith and V.J.S. Grauch, 1984, Mapping basement magnetization 
zones from aeromagnetic data in the San Juan Basin, New Mexico: (in 
press for special Geophysics issue).

Hildenbrand, Thomas G., 1983, FFTFIL: A filtering program based on two- . 
dimensional Fourier analysis: U.S. Geological Survey Open-File Report 
83-237.
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APPENDIX A - USGS Standard Grid File

The USGS standard grid file accomodates a variety of ways to specify a 

binary grid of data, but is standardly used within the Geophysics Branch In 

the following less general form.

Header Record 

id 

pgm 

ncol 

nrow 

nz 

xO 

dx 

yO 

dy

Data Records

Each unformatted data record contains one row of the grid, moving from 

left to right along the row, and moving from bottom row to top row as 

illustrated below.

56 ASCII characters of identification (14 words).

8 ASCII characters describing creation program (2 words).

number of columns of data (integer, one word).

number of rows of data (integer, one word).

not used, must be 1.

position of first (leftmost) column of data (real, one word).

the interval of equal spacing between columns (real, one word)

position of first (lowermost row of data (real, one word).

the interval of equal spacing between rows (real, one word).
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