Explanatory notes to SEALEX08:

The model has now been published. full reference: 

Martin Koelling, Jody Michael Webster, Gilbert Camoin, Yasufumi Iryu, Edouard Bard, Claire Seard (2009):  SEALEX -- Internal reef chronology and virtual drill logs from a spreadsheet-based reef growth model.-  Global and Planetary Change, Volume 66, Issues 1-2, Quaternary sea-level changes : Records and Processes, March 2009, Pages 149-159, ISSN 0921-8181, DOI: 10.1016/j.gloplacha.2008.07.011.

(http://www.sciencedirect.com/science/article/B6VF0-4V1TXT0-9/2/70c008704e0d90255323bd66d09ce7d7)
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also check out my website for the little animation and eventually new versions

http://www.marum.de/en/SEALEX_reef_growth_model.html
Technical note on Excel versions:

As stated in the paper, the model runs well in Excel for Windows versions 2002(XP), 2003 and 2007. It runs (very slowly and no animation during run) in Excel for Mac 2004 and it does not (!) run under Excel for Mac 2008 (because MS stopped supporting makros in this version). If you want to have fun, run it on a good Windows computer - even a virtual windows machine (paralles desktop) on a Mac running Excel for Windows is much much faster, than running it in Excel for Mac directly.. Ask Bill G. why this is so...
SEALEX08 is an excel worksheet model that uses the iteration capability of Excel to perform complex calculations within a worksheet.

You will have to allow makros in your excel, if you want to do complete model reruns using my makro (triggered with Ctrl-r)

when starting the makro, you can stop calculations at any time by pressing Esc twice

I started making the model as a quick and dirty worksheet application, to make me as a stupid geochemist understand how water levels subsidence and coral growth interact. it has become big.. but still dirty. there are lots of possibilities to crash it, and it still has a lot of things missing. yet i write these explanations so you may still use it to do some interesting calculations.

Explanation of the worksheet model SEALAIX08.xls

all times are in kyr

red cell (B1)

this cell is used to manually reset the calculations

set to 0, everything is reset 

(yet the resultlog worksheets are only reset when using the makro!)

set to 1, now you may trigger calculations with F9 button

the max. amount of iterations per calculation (F9) is set in the Options-calculations. 
using the makro, the worksheet is automatically reset and iterations are set to 10.

time

two cells display the model time (A3 and C3). do not change them, unless you know exactly what you are doing

WL@time

this cell extracts the water level (as m below modern sea level) at model time from the water level sub-worksheet. Do not change this cell

tmin, tmax

The start (tmin) and stop (tmax) times are user definable. 

default is -400 kyr (start) and 0 kyr (stop)

note that the start time should be negative !! 400 kyr before present is input as -400 and that you should have a water level curve that covers all of the model time period

dt

the time step (dt)for a single iteration is user definable, yet i suggest to stick to 100yr (0.1kyr) since i havent tested other step sizes too much.

significantly larger steps will cause the model to numerically oscillate

in the current version dt is automatically set. Usually its better to not change it!!

erosion

The erosion rate is input as a negative(!) number in m/kyr. typical values would be
 -0.5 to -1.0 m/kyr. Erosion takes place everywhere above the sea level at the model time. So far there is no weighting according to the exposure height or exposure time. and there is no sedimentation, meaning the eroded material is just being eaten by the model without being deposited anywhere.( this is a major error and i hope to change that in the future)

Subsidence (now displacement)

the subsidence accouts for the downward movement of the crust in the aftermath of a volcanic activity. It is also input as a negative (!) number in m/kyr. A typical value would be -0.25 m/kyr. (yet, for Tahiti this assumption is true only for the last 100 kyr!) if you input a positive number this means an upward movement.

max. growth rate

The max. growth rate is input as a positive number in m/kyr. It is the maximum growth rate of a reef close to the water surface. this maximum growth rate is modulated according to an equation that uses maximum growth in the upper 10 m with decreasing rates down to a maximum depth of 80m

time lag

the time lag (input as positive number in kyr) accounts for the fact, that a reef does not instantly start forming thick sediments after the water depth conditions have become such that growth is possible. there obviously is some time needed for the communities to develop and for the system to actually form sediments. a typical value is 1 kyr. So far coral growth is simply switched on e.g. 1000 years after a sediment has been flooded again. (i hope to change this to a more gradual increase towards maximum growth during times of rising water levels. When the water levels drop, a gradual start is implicit with the water depth dependant growth rate

edge fact

the edge factor  ist calculated from the erosion rate. In the model it is set to 
(-1)/erosion rate.

you may change that but i found it is smart to link it to erosion.

the edge factor causes a higher erosion, if one point sticks out between the two neighbouring points. technically the algorithm detects wether a point lies above or below a line that is drawn between its two neighbours. If it is higher, there will be a higher erosion than the general erosion. if it is below that line, there will be less erosion. the intensity of this can be controlled by the edge factor. high factor - strong edge clipping / gap filling. 

submarine edge fact

the submarine edge factor causes some edge erosion below the water line. In the model the submarine edge erosion is fixed to one tenth of the edge erosion. You may want to change it to a greater or smaller fraction of the superficial edge erosion, yet i think its good to keep it linked

Sub-Worksheets:

control:

main window. here some parameters may be changed and the current state of the model run can be seen

age profile

this worksheet shows a graph with isochrones within the reef body from the last calculation that was perfomed with the makro (Ctrl-r). Note that the worksheet that this graph is based on is only rewritten, as you rerun the model with the makro. 

other than that this will show stored values from a previous run !!!!

age profile(2)

blow up of age profile graph

boreholes

not really used anymore. originally meant to show age profiles in virtual boreholes

water level

In this worksheet you can input any water level curve in any time resolution. the worksheet will calculate the water depth at a given model time from the unevenly spaced water level data. make sure you format the time and water level data as negative values  (200kyr before today is input as -200 and 80m below todays waterlevel is input as -80.)

the data pairs should start from line 5 with the oldest first

colums C and D are not really used. they calculate a water level change from two neighbouring data pairs (column C) , and in column D it is calculated, wether the max.growth rate can keep up with the water level rise (grow rate/kyr - sea level change/kyr). thus if the number in column D is negative it means here the seawater level rise will cause drowning of a reef terrace

data:

main calculation worksheet

A - horizontal distance, currently i use a 5 m resolution

B - water level - horizontal line showing the water level at model time

C - surface this contains the surface shape at model start. i calculate it from a sloped line that i position according to the erosion, yet instead of the formula in this column there could be any array of surface heights

D - surface at time. this is the heigth of the surface at model time including subsidence but excluding erosion and coral reef growth

E - coral growth according to the max growth rate and the factor in column S

F - water depth at model time. this is used to decide wether corals may grow or not. negative water depth means a surface is above the water

G - cumulative coral growth.. this column sums up all the coral growth from all time steps. this column is reset if the restswitch cell (B1) is set to 0

H - height of the surface at model time including coral reef and considering erosion. calculated from columns D + G + K

I - this column is only used to display the zones where coral growth occurs in the pink line in the graph. scales the values from column E for better graph display. 

J - erosion. if water depth is negative (thus surface is above water) equal to erosion rate times dt plus the edge factor times dt times the pinchiness, this is a number representing wether a point sticks out from a surface (calculated in column L) if the water depth is greater than 0 equal to the submarine edge factor times dt times the pinchiness  

K - cumulative erosion, sums up the erosions from all time steps. this column is reset if the restswitch cell (B1) is set to 0

L - pinchiness, number representing how much a point sticks out from a line drawn between its two neighbour points. used to scale the edge erosion

M - this column is only used to display the erosion in the main graph as the brown curve. scales the values from column J for better graph display. 

N - blanker line. data for a line that is used to blank out the water level line where the surface is above the water level. the color of the line is the background color of the graph, where the surface is under water, the line is slightly lower than the water level line

O - surface height at model time corrected for the subsidence that will happen to it during the time until tmax. this column is copied as result values to the resultlog sub-worksheet during a makro run. in the uppermost two cells the water level and the model time are recorded as well

P - dummy column for makro operation. i actually copy two columns to the result worksheet and overwrite the right one in the next step- workaround since i did not  know all Excel makro commands

Q- is now a proper schlager equation growth rate factor

R - 30-80m growth rate factor - 3rd part of 4 part curve to fake the Schlager equation

  Not used anymore

S - growth rate factor, picks the right factor according to the water depth from columns Q and R or sets it to 1 (0 to 10 m)  or 0 (>80m)

 Not used anymore
T - column that counts, for how many time steps a location has been in a situation that allows coral growth. needed when time lag for delayed reef growth is used.

-1 if the water is too deep, 0 when the surface is above the water level

now column R

U - column that has cells set to 1 when  the time lag is over thus coral growth is allowed. with a time lag of 1 kyr and a time step (dt) of 0.1 kyr column T has to become more than 1/0.1 = 10 to allow sediment accumulating coral growth. the column head is wrong !!

now column S

T – water depth at locations where coral growth is happening in the time step

U – dummy column (see column P)

resultlog:

this worksheet is deleted and rewritten, as you start a full model calculation with the makro (Ctrl-r). when doing this full recalculate, the makro stops the iteration eventually, and copies the time and the location of the surface at model time corrected for the subsidence from the data worksheet  (column O) to this worksheet. thus it records the location of the ancient surfaces if they had been completeley preserved and only displaced by subsidence

resultlog_corr

In this worksheet the data from the resultlog worksheet are reassessed by looking which surface will be preserved in the profile and which is being eroded later. technically an algorithm controls, wether a new surface height is lower than an older surface, meaning the old surface must have been eroded. if so, the older surface height is replaced by the lower, newer surface height. this worksheet is the basis for the age profile graphs.

all

graphical representation of the resultlog worksheet. In this graph, all the surface corrected for subsidence but without correction for the eroded parts of the profile are shown

deleted

Wdlog – analogue to resultlog. This worksheet records which water depth the corals were growing in at a point in time and space.. 

Wdlogcorr – analogue to resultlogkorr – WDlog corrected for the eroded parts of the reef 

Extra notes

the worksheet makes heavy use of the iteration function in Excel

To do so, several cells contain formulas, that are calculated using the value in the exact same cell (i.e. E5 = E5+1) This is detected by Excel as a looped calculation and the user is asked to allow iterations and trigger each single calculation step by pressing the F9 button. In the extras menu you can set, yow many iterations are performed each time you press F9

If you do this, you have to include a possibility to reset the worksheet, since otherwise you will never get your start values back. Usually you include an IF function in the looped cells allowing to set the cell to a start value, as a certain reset-cell is set to 0

these start values might be derived from a column with data or might be fixed values such as 0

a very simple looped worksheet setup would be

A1  resetswitch cell      0 to reset, 1 if you want to calculate

A2  start value cell  i.e. 523

A3  calculation cell:  IF (A1 = 0; A2; A3/2)

the IF function in A3 means: if cell A1 is equal to 0 set cell A3 to the start value in cell A2, IF cell A1 is not 0, calculate the value in A3 from the last value in A3 divided by 2

known errors:

- the algorithm has a function to reset the time to max time if you try to perform calculations later than max time(this is in cell A3). i might change that cause it makes strange effects sometimes. since some calculations still keep going,  but so far you should watch out not to set parameters so the model tries to continue calculating after the max time

- assuming a constant subsidence rate for tahiti for the last 400 kyr is a major error that i didnt think of, since this rate might be good for the last 100 kyr or so, but the last volcanism in Tahiti is estimated to have happened about -180 kyr ! thus the model should contain some crust movement curve (up and down !!) rather than a constant subsidence !!!! (i hope to change that soon)

growth rate

now a proper Bosscher and Schlager equation

Makro

the makro (ctrl-r) does the following:

allow automatic recalculation

set the iterations to 10

due to these two settings 10 iterations are calculated automatically everytime you change anything in the worksheet

clear the resultlog worksheet

copy first columns to resultlog worksheet

do 30 times 9(+1) times 10 iterations (=3000)

the (+1) stands for an extra calculation that is performed as something is being changed in the worksheet due to the automatic setting.

after each 100 iterations write a new column to the resultlog worksheet

technically i write two columns of which the right one is overwritten in the next step. this is a workaround, since i could not find out how to make excel make a relative movement (go one cell to the right) in a makro

perform 10 times 4(+1) times 10 calculations (=500)

after each 50 iterations write a new column to the resultlog worksheet

perform 20 times 1(+1) times 10 calculations (= 400)

after each 20 iterations write a new column to the resultlog worksheet

thus in the model version you have, a total of 3900 calculations are performed with the makro, a surface is recorded in the resultlog worksheet initially every 100 steps (10 kyr) , and then every 50 steps (5kyr)  and every 20 ( 2 kyr).

you may change the amounts of calculations by changing the numbers in the makro (cumbersome i admit). i will try to make this user definable from the worksheet... .in one of the next versions...

Have fun using it. 

i will be happy to learn about good parameter sets to get good results

Martin,      Bremen nui  :-)

