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CitcomS

• 3-D spherical global finite element highly 
parallel convection code

• written by geophysicist(s) specifically for 
convection in planetary mantles

• variable viscosity, tracers & compositions, 
phase transitions, dynamic topography, geoid

• open source

• maintained, documented, supported (CIG)
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http://en.wikipedia.org/wiki/Citcom
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Citcom = California Institute of Technology Convection in the Mantle

Citcom ... 2-D then 3-D cartesian serial [Moresi & Solomatov 
1995, Moresi & Gurnis 1996]

+ spherical geometry 
+ new grid design 
+ parallel computing 
+ full multigrid algorithm
→ CitcomS [Zhong & Zuber 2000]

+ tracers (chemical components) [McNamara & Zhong 2004]

In early 2000‘s Shijie Zhong provided the code to “CIG” or 
Computational Infrastructure in Geodynamics 
www.geodynamics.org where it has been maintained, 
documented and supported, messed with (i.e., Pyre framework...)
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open source version
You will use this one

Shijie’s version
I am familiar with this one

The “guts” are the same but the “skin” is different
(Pyre, file structure, ...)

Wednesday, March 30, 2011



Can solve

• classical Boussinesq

• extended Boussinesq

• compressible, anelastic (i.e, TALA or 
truncated anelastic liquid approximation)

• global spherical shell

• regional spherical shell domain
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Governing equations – dimensional

TALA (truncated anelastic liquid approximation)

thermal expansion, phase change, compositional buoyancy

[from CIG manual]
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Governing equations – non-dimensional

[from CIG manual]
Wednesday, March 30, 2011



Viscosity

Many different options – see CIG Manual, Sec. A.1.11
(or you can code your own...)

[This relates to CU Boulder version]
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Regional Mesh
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Global Mesh

• 12 caps

• Each cap extends
from the surface to
the CMB

• Each cap can be
partitioned into
NxNxM processors

• 12xNxNxM
processors in total
(N=4 in this figure)
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• trilinear hexahedral elements

• brick elements – only approximate 
sphericity

• 8 velocity nodes, trilinear approximation

• 1 pressure node, constant
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plot_annulus.py

15

plot_layer.py

14

Visualization in GMT

• plot_layer.py

– plot horizontal cross section, for both

regional and global versions

• plot_annulus.py

– plot radial cross section, for global version

only

• sample data files in visual/samples/
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Visualization in OpenDX

Wednesday, March 30, 2011



Wednesday, March 30, 2011



Major ingredients of the mathematical 
& numerical model

• streamline upwind Petrov-Galerkin approx (SUPG) for the energy 
equation

• mixed formulation in primitive variables (P,v) and Uzawa algorithm 
with two-loop iterations for Stokes problem

• Uzawa: outer loop (P) – preconditioned conjugate gradient method; 
inner loop (v) – full multigrid methods

• Gauss-Seidel iteration for inner nodes, Jacobi iteration for shared 
nodes

• predictor–corrector and 2nd order Runge-Kutta to advect tracers, 
ratio method used to map tracers to composition

• Poisson equation for gravitational potential solved with a spectral 
method
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Benchmarks

with previous studies [vanKeken et al., 1997; Tackley
and King, 2003; McNamara and Zhong, 2004].

[78] Radial dependences of horizontally averaged
temperature, composition, and RMS velocity for
cases D1a, D1c, and D1d at statistically steady
states are shown in Figures 11a–11c, respectively.
The temperature and composition plots clearly
show two-layer convection with a compositional
boundary in the middle of the mantle and three
thermal boundary layers.

[79] Case D2a and its high resolution version case
D2b employ a temperature-dependent viscosity
with Dh = 30 (Table 5) but are otherwise same
as cases D1a and D1c. Initial temperature field is
taken from case C3. The averaged number of
particles per element is 15 for both cases. The

results are generally similar to those with uniform
viscosity (see Figures 9, 10, and 11 and Table 8). A
noticeable difference is that with temperature-de-
pendent viscosity, convection in the bottom layer is
more vigorous (Figure 11f). The averaged quanti-
ties from case D2a are well resolved, by comparing
with those from high-resolution case D2b.

[80] For the two thermochemical cases with differ-
ent numerical resolution (cases D1a, D1c, and D1d
for the isoviscous case and cases D2a and D2b for
variable viscosity case in Table 5), while all other
measures are consistent (Figures 10 and 11 and
Table 8), the largest difference caused by the
resolution seems to be associated with maximum
and minimum radial velocities at the midmantle
depth (Table 8). This may be caused by the time-
dependent nature of thermochemical convection

Figure 8. Representative steady state residual temperature for Cases (a) B1, (b) B3, (c) B5, (d) B7, (e) B9, (f) B9H,
(g) C1, (h) C3, and (i) C4. Blue and yellow isosurfaces are for dT equal to !0.15 and 0.15, respectively.

Geochemistry
Geophysics
Geosystems G3G3 zhong et al.: benchmarks of 3-d spherical convection models 10.1029/2008GC002048

24 of 32

Zhong et al. 2008 G3
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Parallel efficiency
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C

http://publications.gbdirect.co.uk/c_book/

C Reference Card (ANSI)
Program Structure/Functions
type fnc(type1,. . . ) function declarations
type name external variable declarations
main() { main routine

declarations local variable declarations
statements

}
type fnc(arg1,. . . ) { function definition

declarations local variable declarations
statements
return value;

}
/* */ comments
main(int argc, char *argv[]) main with args
exit(arg) terminate execution

C Preprocessor

include library file #include <filename>
include user file #include "filename"
replacement text #define name text
replacement macro #define name(var) text

Example. #define max(A,B) ((A)>(B) ? (A) : (B))
undefine #undef name
quoted string in replace #
concatenate args and rescan ##
conditional execution #if, #else, #elif, #endif
is name defined, not defined? #ifdef, #ifndef
name defined? defined(name)
line continuation char \

Data Types/Declarations

character (1 byte) char
integer int
float (single precision) float
float (double precision) double
short (16 bit integer) short
long (32 bit integer) long
positive and negative signed
only positive unsigned
pointer to int, float,. . . *int, *float,. . .
enumeration constant enum
constant (unchanging) value const
declare external variable extern
register variable register
local to source file static
no value void
structure struct
create name by data type typedef typename
size of an object (type is size_t) sizeof object
size of a data type (type is size_t) sizeof(type name)

Initialization

initialize variable type name=value
initialize array type name[]={value1,. . . }
initialize char string char name[]="string"

c� 1999 Joseph H. Silverman Permissions on back. v1.3

Constants

long (suffix) L or l
float (suffix) F or f
exponential form e
octal (prefix zero) 0
hexadecimal (prefix zero-ex) 0x or 0X
character constant (char, octal, hex) 'a', '\ooo', '\xhh'
newline, cr, tab, backspace \n, \r, \t, \b
special characters \\, \?, \', \"
string constant (ends with '\0') "abc. . . de"

Pointers, Arrays & Structures

declare pointer to type type *name
declare function returning pointer to type type *f()
declare pointer to function returning type type (*pf)()
generic pointer type void *
null pointer NULL
object pointed to by pointer *pointer
address of object name &name
array name[dim]
multi-dim array name[dim1][dim2]. . .
Structures

struct tag { structure template
declarations declaration of members

};

create structure struct tag name
member of structure from template name.member
member of pointed to structure pointer -> member

Example. (*p).x and p->x are the same
single value, multiple type structure union
bit field with b bits member : b

Operators (grouped by precedence)

structure member operator name.member
structure pointer pointer->member

increment, decrement ++, --
plus, minus, logical not, bitwise not +, -, !, ~
indirection via pointer, address of object *pointer, &name
cast expression to type (type) expr
size of an object sizeof

multiply, divide, modulus (remainder) *, /, %

add, subtract +, -

left, right shift [bit ops] <<, >>

comparisons >, >=, <, <=

comparisons ==, !=

bitwise and &

bitwise exclusive or ^

bitwise or (incl) |

logical and &&

logical or ||

conditional expression expr1 ? expr2 : expr3

assignment operators +=, -=, *=, . . .

expression evaluation separator ,

Unary operators, conditional expression and assignment oper-
ators group right to left; all others group left to right.

Flow of Control

statement terminator ;
block delimeters { }
exit from switch, while, do, for break
next iteration of while, do, for continue
go to goto label
label label:
return value from function return expr
Flow Constructions
if statement if (expr) statement

else if (expr) statement
else statement

while statement while (expr)
statement

for statement for (expr1; expr2; expr3)
statement

do statement do statement
while(expr);

switch statement switch (expr) {
case const1: statement1 break;
case const2: statement2 break;
default: statement

}

ANSI Standard Libraries
<assert.h> <ctype.h> <errno.h> <float.h> <limits.h>
<locale.h> <math.h> <setjmp.h> <signal.h> <stdarg.h>
<stddef.h> <stdio.h> <stdlib.h> <string.h> <time.h>

Character Class Tests <ctype.h>
alphanumeric? isalnum(c)
alphabetic? isalpha(c)
control character? iscntrl(c)
decimal digit? isdigit(c)
printing character (not incl space)? isgraph(c)
lower case letter? islower(c)
printing character (incl space)? isprint(c)
printing char except space, letter, digit? ispunct(c)
space, formfeed, newline, cr, tab, vtab? isspace(c)
upper case letter? isupper(c)
hexadecimal digit? isxdigit(c)
convert to lower case? tolower(c)
convert to upper case? toupper(c)

String Operations <string.h>
s,t are strings, cs,ct are constant strings

length of s strlen(s)
copy ct to s strcpy(s,ct)

up to n chars strncpy(s,ct,n)
concatenate ct after s strcat(s,ct)

up to n chars strncat(s,ct,n)
compare cs to ct strcmp(cs,ct)

only first n chars strncmp(cs,ct,n)
pointer to first c in cs strchr(cs,c)
pointer to last c in cs strrchr(cs,c)
copy n chars from ct to s memcpy(s,ct,n)
copy n chars from ct to s (may overlap) memmove(s,ct,n)
compare n chars of cs with ct memcmp(cs,ct,n)
pointer to first c in first n chars of cs memchr(cs,c,n)
put c into first n chars of cs memset(s,c,n)

1 2 3

C Reference Card (ANSI)
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