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Abstract

The truncation errors associated with finite difference solutions of the advection-dispersion
equation with first-order reaction are formulated from a Taylor analysis. The error expressions are
based on a general form of the corresponding difference equation and a temporally and spatially
weighted parametric approach is used for differentiating among the various finite difference
schemes. The numerical truncation errors are defined using Peclet and Courant numbers and a new
SinkrSource dimensionless number. It is shown that all of the finite difference schemes suffer
from truncation errors. In particular it is shown that the Crank–Nicolson approximation scheme
does not have second order accuracy for this case. The effects of these truncation errors on the
solution of an advection–dispersion equation with a first order reaction term are demonstrated by
comparison with an analytical solution. The results show that these errors are not negligible and
that correcting the finite difference scheme for them results in a more accurate solution. q 1999
Elsevier Science B.V. All rights reserved.
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1. Introduction

Ž .Approximating differential equations in finite difference FD models by discretiza-
tion introduces truncation errors. In the case of transport equations like the advection–
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Ž .dispersion equation ADE , numerical dispersion is a well-known consequence of
Ž .truncation error. Numerical dispersion was first quantified by Lantz 1971 , and Chaud-

Ž .hari 1971 as a second-order error term through examination of the truncated Taylor
series approximation of a simple, explicit FD solution of the basic, one-dimensional
ADE. Although for the case of this ADE the numerical dispersion is the only truncation

Ž .error, for the more general transport equation e.g., with reaction other truncation errors
are introduced.

ŽTypically, numerical studies consider the effect of numerical dispersion e.g., De
Smedt and Wierenga, 1977; van Genuchten and Gray, 1978; Notodarmojo et al., 1991;

.Dudley et al., 1991; Moldrup et al., 1992, 1994a,b . The zero- and first-order truncation
Ž .errors in the ADE with reaction ADER were quantified for the first time by

Ž . Ž .Ataie-Ashtiani et al. 1995a . Also Ataie-Ashtiani et al. 1995b showed that in some FD
schemes the variable spatial discretization caused a first order truncation error in the FD

Ž .solution of the conventional ADE. Ataie-Ashtiani et al. 1996 proposed the correction
method for the numerical truncation errors of an explicit centred in space scheme.

Ž .Moldrup et al. 1996 applied the same idea for correcting an explicit FD approximation
of the one-dimensional diffusion–reaction equation. In their work, they include the
effects of third and higher order temporal derivatives.

The primary objectives of this paper are to derive the analytical expressions for
truncation errors for the general FD form of the ADER that covers explicit, Crank–
Nicolson, and implicit schemes and to show that none of the widely used FD schemes
have second order accuracy for solving the ADER. In fact, all of these schemes do not
have even zeroth order accuracy. Finally, the effect of the correction of these truncation
errors are discussed.

2. One-dimensional ADER

The partial differential equation describing one-dimensional transient transport of
solutes through a homogeneous soil, including first-order reaction or a concentration-de-
pendent sinkrsource is written as

E C E 2 C E C
sD yu ykC 1Ž .2E t E zE z

Ž y3 . Ž . Ž .where C is solute concentration M L , t is time T , z is vertical distance L , u is
Ž y1 . Ž 2 y1.the discharge per unit area L T , D is the dispersion coefficient L T , and k is

Ž y1 .the first-order reaction rate coefficient T .
It should be noted that the transport parameters are considered constants only within

each combination of time and depth increments in the calculations; otherwise the
parameters are considered variable.
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3. Finite difference approximation of ADER

Ž .The general form of FD approximation of Eq. 2 , using v and a as the temporal
weighting and spatial weighting parameters, may be expressed as

nq1 n nq1 nq1 nq1 n n nC yC C y2C qC C y2C qCi i iq1 i iy1 iq1 i iy1
sD v q 1yvŽ .2 2Dt Dz Dz

nq1 nq1 nq1 nq11ya C qa C y 1ya C ya CŽ . Ž .i iq1 iy1 i
yu v

Dz

n n n n1ya C qa C y 1ya C ya CŽ . Ž .i iq1 iy1 i
q 1yvŽ .

Dz

nq1 nyk vC q 1yv C 2Ž . Ž .i i

where the superscript n refers to time, the subscript i refers to depth, D t is the time
Ž . Ž .increment T and D z is the depth increment L used in the calculations.

The FD scheme reduces to the backward in time or implicit scheme when v is 1, to
the centred in time or Crank–Nicolson scheme when v is 0.5, and to forward in time or
explicit scheme when v is 0. The value of a determines the type of spatial discretiza-
tion, and the most obvious choice of a is 0.5, which is referred to as the centred in
distance scheme. An alternative spatial weighting scheme is the upstream or upwind
scheme, which is defined by a equals 0 if u)0 and a equals 1 if u-0.

A Taylor series expansion of C about any grid point is used to determine the form of
Ž .the truncation errors Lantz, 1971; Chaudhari, 1971; Moldrup et al., 1994b . If the third

and higher order spatial derivatives are neglected, as they are not present in the original
transport equation, then

E C Dz 2 E 2 C
n nC fC qDz q 3Ž .iq1 i 2E z 2 E z

E C Dz 2 E 2 C
n nC sC yDz q 4Ž .iy1 i 2E z 2 E z

` m mDt E C
nq1 nC fC q 5Ž .Ýi i mž /m! E tms1

E C nq1 Dz 2 E 2 C nq1
nq1 nq1C fC qDz q 6Ž .iq1 i 2E z 2 E z

E C nq1 Dz 2 E 2 C nq1
nq1 nq1C sC yDz q 7Ž .iy1 i 2E z 2 E z

The second and higher order temporal derivatives of C are written in terms of spatial
Ž .derivatives of C using the differentiated form of Eq. 1 , again the third and higher

order spatial derivatives are neglected. It is noticed that the transport parameters are
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assumed constant within each combination of time and depth increments in the finite
difference calculations. Thus

E 2 C E 2 E C E E C E C E 2 C E C
2sD yu yk f u y2kD q2kuŽ .2 2 2ž / ž / ž /E t E z E t E t E zE t E z E z

qk 2 C 8Ž .
Analogously,

E 3C E 2 C E C
2 2 2 3f y3ku q3k D y3k u yk C 9Ž . Ž .3 2 E zE t E z

E 4C E 2 C E C
2 2 3 3 4f 6k u y4k D q4k u qk C 10Ž . Ž .4 2 E zE t E z

or in general, for mG2

E mC m my1 E 2 C E CŽ .m mmy2 2 my1 my1f y1 k u ymk D q y1 mk uŽ . Ž .m 2ž /E t 2 E zE z
m mq y1 k C 11Ž . Ž .

Ž .Therefore, Eq. 5 is written as
m 2`E C Dt m my1 E CŽ .mnq1 n my2 2 my1C fC qDt q y1 k u ymk DŽ .Ýi i 2ž /E t m! 2 E zms2

E Cm mmy1 mq y1 mk u q y1 k C 12Ž . Ž . Ž .
E z

Ž . Ž . Ž .Inserting Eq. 12 in Eqs. 6 and 7 and neglecting the spatial derivatives of third
and higher order, and considering

E 2 C E 3C E 2 C E C
sD yu yk 13Ž .3 2E zE t E zE z E z

E 3C E 4C E 3C E 2 C
sD yu yk 14Ž .2 4 3 2E z E t E z E z E z

yields
m 2`E C Dt m my1 E CŽ .mnq1 n my2 2 my1C fC qDt q y1 k u ymk DŽ .Ýiq1 i 2ž /E t m! 2 E zms2

2E C E C E Cm mmy1 mq y1 mk u q y1 k C qDz qDtDz yuŽ . Ž . 2žE z E z E z

m 2`E C Dt E C E Cm mmy1 myk qDz y1 mk u q y1 kŽ . Ž .Ý 2/E z m! E zE zms2

2 2 2 2 2 m 2`Dz E C Dz Dt E C Dz Dt E Cm mq y k zq y1 k 15Ž . Ž .Ý2 2 22 2 2 m!E z E z E zms2
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m 2`E C Dt m my1 E CŽ .mnq1 n my2 2 my1C fC qDt q y1 k u ymk DŽ .Ýiy1 i 2ž /E t m! 2 E zms2

2E C E C E Cm mmy1 mq y1 mk u q y1 k C yDz yDtDz yuŽ . Ž . 2žE z E z E z

m 2`E C Dt E C E Cm mmy1 myk yDz y1 mk u q y1 kŽ . Ž .Ý 2/E z m! E zE zms2

2 2 2 2 2 m 2`Dz E C Dz Dt E C Dz Dt E Cm mq y k q y1 k 16Ž . Ž .Ý2 2 22 2 2 m!E z E z E zms2

Ž . Ž . Ž . Ž . Ž .Substituting Eqs. 3 – 5 , 15 and 16 in Eq. 2 gives

E C 1 1
2s Dy2vDtkDq ay vDzDtukq ya DzuqvDtuž / ž /½E t 2 2

my 1` Dt my1m my2 2 my1q y1 k u yk D y1yv kDtŽ . Ž .Ý ž /my1 ! 2Ž .ms2

m m` `Dt Dtm mmy1 mq y1 k u yv u q y1 kŽ . Ž . Ž .Ý Ý
my1 ! m!Ž .ms2 ms2

=
Dzu E 2 C

v Dyva uDzqv y uy2vDtku2ž / 5 ½2 E z

my 1` Dt m my1q y1 k u 1qv kDtŽ . Ž .Ý
my1 !Ž .ms2

m` Dt E Cm m 2q y1 k v u y kyvDtkŽ .Ý ½5m! E zms2

my 1` Dt m mq y1 k 1qvDtk C 17Ž . Ž . Ž .Ý 5m!ms2

4. Truncation error formulations

Ž .A comparison between Eq. 17 and the original governing differential equation
shows that the discretization introduces three forms of truncation error. They can be
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identified as a second-order truncation error or numerical dispersion, Dnum

1 1
2D s y2vDtkDq ay vDzDtukq ya DzuqvDtunum ž / ž /½ 2 2

my 1` Dt my1m my2 2 my1q y1 k u yk D y1yv kDtŽ . Ž .Ý ž /my1 ! 2Ž .ms2
m m` `Dt Dtm mmy1 mq y1 k u yv u q y1 kŽ . Ž . Ž .Ý Ý

my1 ! m!Ž .ms2 ms2

=
Dzu

v Dyva uDzqv 18Ž .ž / 52

a first-order truncation error or numerical water velocity, unum
my 1` Dt m my1u s y2vDtkuq y1 k u 1qv kDtŽ . Ž .Ýnum ½ my1 !Ž .ms2

m` Dt m mq y1 k v u 19Ž . Ž .Ý 5m!ms2

and a zero-order truncation error or numerical reaction coefficient, knum
my 1` Dt m2 mk syvDtk q y1 k 1qvDtk 20Ž . Ž . Ž .Ýnum m!ms2

Using the Peclet number, Pe, Courant number, Cr, and introducing a SinkrSource
number, Sr, as follows;

uDz
Pes 21Ž .

D
uDt

Crs 22Ž .
Dz

SrskDt 23Ž .
Ž . Ž .Eqs. 18 – 20 can be expressed as a function of the dimensionless numbers, Pe, Cr, and

Sr,

D 1 1num
s y2vSrq ay vSrPeq ya PeqvPeCrž / ž /½D 2 2

m
` y1 my1Ž .

my 2 my1y Sr PeCrySr 1qvSrŽ .Ý ž /my1 ! 2Ž .ms2
m m

` `y1 y1Ž . Ž .
my 1 my vSr PeCr q SrÝ Ý

my1 ! m!Ž .ms2 ms2

=
Pe

vyva Peqv 24Ž .ž / 52
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m m
` `u y1 y1Ž . Ž .num my1 ms y2vSrq Sr 1qvSr q Sr vŽ .Ý Ý½ 5u my1 ! m!Ž .ms2 ms2

25Ž .
m

`k y1Ž .num my1syvSrq Sr 1qvSr 26Ž . Ž .Ý
k m!ms2

The ratio of truncation terms to the corresponding physical terms for different FD
Ž .schemes are as follows: 1 Explicit approximation, upstream weighting with positive

Ž .velocity vs0, as0 with u)0 :
m

`D Pe y1 my1Ž .num my2 my1s y Sr PeCrySr 27Ž .Ý ž /D 2 my1 ! 2Ž .ms2

m
`u y1Ž .num my1s Sr 28Ž .Ý

u my1 !Ž .ms2

m
`k y1Ž .num my1s Sr 29Ž .Ý

k m!ms2

Ž . Ž .2 Explicit approximation, centred in distance vs0, as0.5 :
m

`D y1 my1Ž .num my2 my1sy Sr PeCrySr 30Ž .Ý ž /D my1 ! 2Ž .ms2

m
`u y1Ž .num my1s Sr 31Ž .Ý

u my1 !Ž .ms2

m
`k y1Ž .num my1s Sr 32Ž .Ý

k m!ms2

Ž . Ž3 Crank–Nicolson approximation, upstream weighting with positive velocity vs0.5,
.as0 with u)0 :

D SrPe Pe PeCrnum
s ySry q q½D 4 2 2

m
` y1 my1 SrŽ .

my 2 my1y Sr PeCrySr 1qÝ ž / ž /my1 ! 2 2Ž .ms2

m mmy1` `y1 Sr PeCr y1 1 PeŽ . Ž .
my q Sr q 33Ž .Ý Ý ž / 5my1 ! 2 m! 2 4Ž .ms2 ms2

m m m` `u y1 Sr y1 SrŽ . Ž .num my1sySrq Sr 1q q 34Ž .Ý Ýž /u my1 ! 2 m! 2Ž .ms2 ms2
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m
`k Sr y1 SrŽ .num my1sy q Sr 1q 35Ž .Ý ž /k 2 m! 2ms2

Ž . Ž .4 Crank–Nicolson approximation, centred in distance vs0.5, as0.5 :
m

`D PeCr y1 my1Ž .num my2 my1s ySrq y Sr PeCrySrÝ ž /½D 2 my1 ! 2Ž .ms2

=

m mmy1 m` `Sr y1 Sr PeCr y1 SrŽ . Ž .
1q y qÝ Ýž / 52 my1 ! 2 m! 2Ž .ms2 ms2

36Ž .
m m m` `u y1 Sr y1 SrŽ . Ž .num my1sySrq Sr 1q q 37Ž .Ý Ýž /u my1 ! 2 m! 2Ž .ms2 ms2

m
`k Sr y1 SrŽ .num my1sy q Sr 1q 38Ž .Ý ž /k 2 m! 2ms2

Ž . Ž5 Implicit approximation, upstream weighting with positive velocity vs1, as0
.with u)0 :

D SrPe Penum
s y2Sry q qPeCr½D 2 2

m
` y1 my1Ž .

my 2 my1y Sr PeCrySr 1qSrŽ .Ý ž /my1 ! 2Ž .ms2

m m
` `y1 y1 PeŽ . Ž .

my 1 my Sr PeCr q Sr 1q 39Ž .Ý Ý ž / 5my1 ! m! 2Ž .ms2 ms2

m m
` `u y1 y1Ž . Ž .num my1 msy2Srq Sr 1qSr q Sr 40Ž . Ž .Ý Ý

u my1 ! m!Ž .ms2 ms2

m
`k y1Ž .num my1sySrq Sr 1qSr 41Ž . Ž .Ý

k m!ms2

Ž . Ž .6 Implicit approximation, centred in distance vs1, as0.5 :
m

`D y1 my1Ž .num my2 my1s y2SrqPeCry Sr PeCrySrÝ ž /½D my1 ! 2Ž .ms2

=

m m
` `y1 y1Ž . Ž .

my 1 m1qSr y Sr PeCr q Sr 42Ž . Ž .Ý Ý 5my1 ! m!Ž .ms2 ms2
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m m
` `u y1 y1Ž . Ž .num my1 msy2Srq Sr 1qSr q Sr 43Ž . Ž .Ý Ý

u my1 ! m!Ž .ms2 ms2

m
`k y1Ž .num my1sySrq Sr 1qSr 44Ž . Ž .Ý

k m!ms2

As seen, none of these methods is free of truncation errors and the widely used
assumption of zero numerical dispersion in Crank–Nicolson with a centred-in-distance
approximation is not valid for the ADER. The zeroth and first order truncation errors for
all schemes are functions of Sr only and therefore are zero for the conventional ADE
when k is zero.

Ž . Ž .Eqs. 27 – 44 present D rD, u ru and k rk as infinite series. Figs. 1–3num num num

show the convergence of these parameters for explicit-, Crank–Nicolson- and implicit-
upstream approximation in an example case when Pes1 and Crs1. For Sr less than

Ž .0.2 just two components ms3 of the series gives a very good approximation of
Ž .truncation errors. Including a maximum of four terms ms5 of the series gives enough

accuracy in the calculation of truncation errors for the higher values of Sr. Also based on
these figures, it can be concluded that the absolute values of u ru and k rknum num

increase for all schemes with increasing SinkrSource number, Sr.
The ratio of numerical to physical dispersion coefficient, considering three terms of

Ž .the series ms4 , as a function of Pe and Cr for two different values of Sr, 0.1 and 0.8,
is illustrated in Figs. 4–6 for explicit, Crank–Nicolson, and implicit discretization
schemes, respectively. The figures demonstrate that for the small value of Sr, numerical
dispersion increases with increasing Pe and Cr in general, except for the Crank–Nicol-
son upstream scheme where increasing the Courant number leads to a decrease in
numerical dispersion. However, this trend is not observed for larger Sr. No trend is seen

Žbetween Sr and numerical dispersion ie; numerical dispersion increases in some cases
.and decreases in others with increasing Sr .

Fig. 5 shows that for small values of Sr the Crank–Nicolson centred-in-distance
approximation has the smallest numerical dispersion in comparison with the other
schemes, but this is not the case when Sr increases. In conclusion, Figs. 4–6 show that
the accuracy of the numerical approximation for the ADER not only depends on Pe and
Cr, as the conventional ADE does, but also on the value of Sr.

5. Removing truncation errors

The effect of zero, first and second order truncation errors on the results of the
explicit and Crank–Nicolson FD schemes which are the most widely used FD schemes,
is illustrated here. The Crank–Nicolson scheme is well-known because of its accuracy
and stability while the advantage of the explicit scheme is its simplicity. Although it is
subject to a stability criterion, the explicit scheme has been implemented in a number of
commonly used transport simulation models, i.e., the MOC code by Konikow and

Ž . Ž .Bredehoeft 1978 and the MT3D code by Zheng 1990 .
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Fig. 1. D rD, u ru and k rk convergence for explicit–upstream scheme when Pes1 and Crs1.num num num
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Fig. 2. D rD, u ru and k rk convergence for Crank–Nicolson–upstream scheme when Pes1 andnum num num

Crs1.
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Fig. 3. D rD, u ru and k rk convergence for implicit–upstream scheme when Pes1 and Crs1.num num num
Ž . Ž . Ž . Ž .a explicit, upstream for Srs0.1. b explicit, upstream for Srs0.8. c explicit, centred for Srs0.1. d
explicit, centred for Srs0.8.
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To remove the induced numerical truncation errors from the general finite difference
Ž .model, Eq. 2 is rewritten as:

nq1 n nq1 nq1 nq1 n n nC yC C y2C qC C y2C qCi i iq1 i iy1 iq1 i iy1
sD) v q 1yvŽ .2 2Dt Dz Dz

nq1 nq1 nq1 nq11ya C ya C y 1ya C ya CŽ . Ž .i iq1 iy1 i
yu) v

Dz

n n n n1ya C qa C y 1ya C ya CŽ . Ž .i iq1 iy1 i
q 1yvŽ .

Dz

nq1 nyk) vC q 1yv CŽ .i i

where D-DyD ,u)suyu ,k)skyk . 45Ž .num num num

where D)sDyD , u)suyu , k)skyk .num num num

The effect of zero, first and second order truncation errors on the results of the
explicit and Crank–Nicolson FD schemes is assessed by comparing the FD model

Ž .results with the van Genuchten and Alves 1982 analytical solution. According to van
Ž .Genuchten and Alves 1982 , in the case of constant u, D, and k, the analytical solution

Ž .for Eq. 1 for the initial and boundary conditions

Cs0 ts0 z)0
CsC t)0 zs00

Cs0 t)0 z™`

is

C uyÕ z zyÕtŽ .0
C z ,t s exp erfcŽ . 12 2 D

22 DtŽ .

uqÕ z zqÕtŽ .
qexp erfc 46Ž .12 D

22 DtŽ .
where

0.52Õs u q4kDŽ .

A semi-infinite column is considered with the parameter values us5 mm hy1,
Ds100 mm2 hy1, ks0.1 hy1, and C is taken as 1000.0 mg ly1. This problem is0

solved with D zs20 mm and D ts1.0 h. Therefore, the dimensionless numbers, Pe, Cr,
and Sr for this case are 1, 0.25, and 0.1, respectively.
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Ž .Fig. 4. Ratio of numerical dispersion coefficient to physical dispersion coefficient for explicit schemes. a
Ž . Ž .Crank–Nicolson, upstream for Srs0.1. b Crank–Nicolson, upstream for Srs0.8. c Crank–Nicolson,

Ž .centred for Srs0.1. d Crank–Nicolson, centred for Srs0.8.

The stability criteria of the explicit centred in space scheme for ADER was
Ž .determined by Ataie-Ashtiani et al. 1996 , using the matrix method proposed by Smith

Ž .1978 , as follows:
1

DtF 47Ž .2 D) k)

q2 2Dz
Dz

DtF 48Ž .
u)
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Fig. 5. Ratio of numerical dispersion coefficient to physical dispersion coefficient for Crank–Nicolson
Ž . Ž . Ž .schemes. a Implicit, upstream for Srs0.1. b Implicit, upstream for Srs0.8. c Implicit, centred for
Ž .Srs0.1. d Implicit, centred for Srs0.8.

If the same method is applied for the explicit upstream scheme, the result is

1
DtF 49Ž .2 D) u) k)

q q2 Dz 2Dz

Fig. 7 shows the concentration ratio, CrC , against depth for the analytical solution0

and numerical solution in the cases without correction and with correction for truncation
errors. Fig. 7 shows that the correction of truncation errors is very effective in improving
the results of the explicit upstream FD scheme. The explicit centred-in-distance scheme
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Ž .Fig. 6. Ratio of numerical dispersion coefficient to physical dispersion coefficient for implicit schemes. a
Ž .explicit, upstream b explicit, centred.

shows less error than the other explicit scheme, though an improvement in results by
correcting for truncation errors is still seen in Fig. 7b. The cumulative absolute value of
errors for the explicit upstream and centred without the corrections are 0.35 and 0.07 mg
ly1, respectively. These values reduce to 0.03 and 0.008 mg ly1 when the correction is
applied.

For the cases of the Crank-Nicolson schemes, a similar problem with us25 mm
hy1, D zs20 mm and D ts5.0 h is solved. In this case, the dimensionless numbers, Pe,
Cr, and Sr, are 5, 6.25, and 0.5, respectively. Fig. 8 shows the results for the
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Ž .Fig. 7. Comparison of the analytical and numerical solutions after 20 hr: Pes1, Crs0.25, Srs0.1. a
Ž .Crank–Nicolson, upstream b Crank–Nicolson, centred.

Crank–Nicolson schemes. As seen, the solutions based on the Crank–Nicolson schemes
without the present correction oscillate around the analytical solution, because of the
high value of the Peclet number in this case. As expected, the oscillation of the solution
is more severe for the Crank–Nicolson centred-in-time scheme. Fig. 8 clearly illustrates
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Fig. 8. Comparison of the analytical and numerical solutions after 20 hr: Pes5, Crs6.25, Srs0.5.

that removing the truncation errors improves the results of the both Crank–Nicolson
schemes and reduces the oscillation effects, especially for the Crank–Nicolson centred
scheme. The cumulative absolute value of errors for the Crank-Nicolson upstream and
centred without the corrections are 0.455 and 0.529 mg ly1, respectively. These values
reduce to 0.237 and 0.230 mg ly1 when the correction is applied.
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6. Conclusions

The expressions for the truncation errors associated with the finite difference solution
of the advection–dispersion equation with reaction are presented as functions of Peclet,
Courant and the new SourcerSink dimensionless numbers. It is shown that all of the
widely-used finite difference schemes have low order truncation errors, even the
Crank–Nicolson with centred-in-distance approximation scheme. In fact, none of these
methods has even zeroth order accuracy.

For small values of SinkrSource number, numerical dispersion increases as the
Peclet and Courant numbers increase, except for the Crank-Nicolson upstream scheme
where increasing the Courant number leads to a decrease in numerical dispersion.
However, this trend is not observed for larger values of the SinkrSource number where
no trend is observed between SinkrSource number and numerical dispersion. That is, an
increase in SinkrSource number leads to an increase in error in some cases while in
others it causes a decrease in the numerical dispersion value. The absolute values of
numerical velocity and the reaction term increase for all schemes with increasing values
of the SinkrSource number.

The effect of these truncation errors on the solution of an advection–dispersion
equation with a first order reaction term are demonstrated for a case with a known
analytical solution. Comparison shows that these errors are not negligible and that
correcting the finite difference scheme for them results in a more accurate solution. The
correction method will be especially useful when an accurate assessment of the solute
concentration profile is needed such as in parameter estimation studies and in providing
source terms for large-scale groundwater models.
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