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‘lapse rate’. Both options are available in the BMRC code.

A recent extension has been to calculate the separate terms for water vapour and surface temperature
feedbacks due to horizontal, as well as vertical temperature gradient changes. For the surface temperature,
itis assumed that the final top of atmosphere response is due to three changes. The first is a uniform horizontal
and vertical temperature increase on top of that of the control climate (the magnitude being that of the global
mean surface temperature change). This can be considered as the ‘open loop gain’ of the feedback system.
The second term is due to temperature change, uniform with height, but calculated as the difference between
the local temperature change and the global mean. This term represents the ‘feedback’ due to changes in the
horizontal temperature gradients. The third is due to the change in the vertical temperature gradient (i.e. the

lapse rate, as defined above). Thus we write:
5RT = §R7,* + 5RAT1 + 5R-1; (6)

where 7., is the global mean surface temperature (applied at all points), A i is the difference between the local

surface temperature change and the global mean (i.e. the temperature change due to changes in horizontal
gradients), and I' the lapse rate.

For the water vapour, it is assumed that the final water vapour feedback can be expressed as four
terms. For the first three, itis assumed that relative humidity at each point remains fixed at that of the control.
The first change (analogous to that of the first temperature component above) is that change due to the global
mean surface temperature change being applied ateach level. The second is the change due to changes in
horizontal temperature gradients (as above, calculated as the difference between the local surface temperature
change and the global mean). The third is the change due to the vertical temperature gradient (lapse rate).
The fourth term for the water vapour is calculated as the radiative response from perturbing the water vapour
in the control to reflect the changed relative humidity in the perturbed climate (keeping local temperatures

unchanged). Thus we write:

OR. = OR - + OR

q q(T.) q(AT) t

OR + OR (RH) (7N

q(1) q

where, again 7., is the global mean surface temperature, A T. the local difference from the global mean surface

temperature, and I' the lapse rate. RH is the change in ¢ from relative humidity changes.
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Figure 1: Method of calculation of radiative perturbations. Fields are substituted one by one between a
‘perturbed’ and a ‘control’ archive, and the radiation code rerun.

2.2 Cloud component feedbacks

For the radiative response to changes in clouds, we assume we can write

Co (8)

where C, represents the change in optical properties and Cr the cloud fraction changes. The following
analysis assumes that cloud optical properties are determined as a function of cloud liquid and frozen water,
cloud temperature and convective cloud fraction.

To determine total cloud feedback ( O R(,j ), all cloud properties are substituted: cloud fraction at each

model level, liquid and ice water mixing ratios, convective cloud fraction and cloud temperature. A second



calculation, to isolate the impact of the cloud fraction changes alone (OR ~ )replaces cloud amounts ateach
F

level in the control climate with those from the perturbed. In-cloud liquid and ice water mixing ratios are
retained from the control by scaling grid box mean values by the reciprocal of the cloud fraction change. Thus

at each model level,

w; = Rw, 9)

where R=C7/C

where Cis the cloud fraction, w; is the grid box mean cloud liquid water mixing ratio and the prime denotes
the perturbed climate. The ice and convective cloud mixing ratio fields (w;, w,) are handled similarly.

A complication to this substitution occurs if the cloud fraction in the control climate is zero, yet non-zero
in the perturbed. In this case w, w; and w, are taken from the perturbed climate. To clearly separate the
cloud fraction term from the total cloud feedback, it is clear that this latter occurrence needs to be minimized.
To evaluate the right hand side of equation 8 as often as possible, the substitution algorithm has been extended
to search for cloud from immediately surrounding grid points, then from earlier similar-time archives (0, +3
hours) taken from the same calendar month. This ensures 'corresponding’ cloud is found close to 100% of
the time at all model levels. The final feedback values obtained are not found to be sensitive to the precise
details (e.g. the order) of the search algorithm (Colman et al., 2001).

To calculate OR = directly, cloud fractions are retained from the control and the fields w, w;and w,
o

are modified as follows:
Wx — — Wx' (10)
R

where xis /, i or c. By this method, the cloud amounts are retained from the control, but the in-cloud liquid
and ice water mixing ratios and the relative fraction of convective cloud become that of the perturbed climate.

The cloud faction changes may be conceptually divided into two terms: one due to change in total cloud
amount (C,) (as seen at the TOA) and the second due to the change in the vertical distribution of the clouds -
taken as the cloud height, Cy,. The C, perturbation is performed by scaling cloud at each level in the ‘control’
by afactor (f), such that the total cloud (t) becomes that of the perturbed climate (t"). fis calculated directly
at each point by an iterative technique. The cloud height feedback may then be determined as aresidual (i.e.

CF _CA)'



For the optical property perturbations in more detail it is assumed that

0Ré,, = ORc,, + ORC, + ORe. + OR Cr (11)

where 6W is the total water (liquid plus ice) content of the clouds, C p represents a phase breakdown of the
total cloud water between water and ice (iew, / (wi+w:) ), éc is the fraction of convective clouds,

and 6} is the in-cloud temperature.

To calculate OR = the fields w, w; and w, are scaled in the control by a factor /R, where
w

wl'+wl.'
r=——+ (12)

w, + w.

[ I

i.e. the total in-cloud water substance becomes that of the perturbed climate. If cloud fraction is zero in the
perturbed climate (w;, + w; =0), then 7/R is set to 1 (i.e. the water content is unchanged) .

To calculate OR = the mixing ratios of liquid and ice water are modified such that
P

r

1 (13)
w, = —w;

7

i.e. the fraction which is frozen reflects that of the perturbed climate rather than the control.
|l

w
To calculate OR & »W.isscaled by a factor —<X —, the cloud liquid and cloud ice mixing ratios being
¢ w r

c

unmodified. This changes the fraction of convective cloud to total cloud into that of the perturbed climate,

while retaining in cloud liquid and ice water mixing ratios from the control.

Finally, R = may be calculated by substituting T’ forT during the determination of cloud optical properties,

whilst restoring T for the final radiation calculations. All water substance mixing ratios are retained
unchanged.
The total perturbation to radiation due to all cloud changes can then be written, (assuming the changes

are linear and independent) as



OR = 5RC,A + 5R6H + 5R5W + 5R6,, - 5R5C + 5R6T (14)
3. History of feedback code implementation

The first version of the BMRC climate feedback code was implemented on top of version 12e5 of the climate
model by R. Colman and B. McAvaney in 1995. The impetus for this development followed from a visit to
BMRCby R. Wetherald approximately 18 months earlier. This version permitted a calculation of the ‘basic’
climate feedbacks, viz surface temperature, lapse rate, water vapour, albedo and clouds. The one extension
beyond this was to divide cloud into low, middle and high regimes, as well as amount and height. Output
consisted of zonal and global average monthly means. The early decision was taken to embed the feedback
diagnosis within the model code itself. This has the obvious advantage of automatically keeping the feedback
code up-to-date with changes to the cloud and radiation parameterisations within the model as well as taking
advantage of code improvements, such as changes to structure and efficiency. The disadvantage of this
approach is that the code does not sit outside the model as a separate module, making it more difficult for
future possible applications to results from other models (were this to prove feasible and appropriate).

The first version implemented in the BMRC unified model (BAM) was produced in 1998. This was
coincident with the extension to feedbacks from the Rotstayn (1997) prognostic cloud scheme, and the cloud
component feedbacks. Other developments have followed, including an extensive simplifying and restructuring
of the feedback code in 2002, during the upgrading to version 3.0 of BAM.

A vastrange of additional features have been added to recent versions of the feedback analysis code.
These have included options for the horizontal and vertical distributions of the radiative contributions to
feedbacks; cloudy/clear sky division of components; surface components; perturbations from idealised
changes; interaction between feedbacks (‘cross terms’); diurnal analysis, temperature and water vapour

components and improved ease and flexibility of input and output.

4. Code structure

Figure 2 shows the calling tree for the feedback code within BAM. The main driving routine is gamloop_fbk
which replaces gamloop as the main model driver. The major functions of the feedback subroutines are listed
in Appendix 1.

The current list and order of total (all level) field substitutions carried out is shown below in Table 1.

Single level field substitutions (i.e. that give vertical information about feedback contributions) that can be
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selected are listed in Appendix 2.

Substitution | Field substitution carried out in code
number

1 control (no substitutions)
2 all (to tropopause)
3 water vapour
4 lapse rate (to tropopause)
5 surface temperature (to tropopause)
6 clouds
7 surface albedo
8 water vapour amount
9 water vapour height (no substitution necessary)
10 lapse rate (to TOA)
11 surface temperature (to TOA)
12 all (to TOA)
13 low cloud
14 middle cloud
15 high cloud
16 cloud faction
17 cloud optical properties
18 cloud amount
19 cloud height (no substitution necessary)
20 cloud water content
21 cloud phase change
22 convective cloud fraction
23 cloud temperature
24 water vapour perturbed by global mean AT. (RH fixed)
25 water vapour perturbed by actual AT, (RH fixed)
26 water vapour perturbed by Al (RH fixed)
27 water vapour perturbed by ARH
28 water vapour perturbed by fixed fraction, actual AT, (RH fixed)
29 surface temperature perturbed by global mean AT,
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30 water vapour + lapse rate
31 water vapour + surface temperature
32 water vapour + clouds
33 water vapour + albedo
34 lapse rate + surface temperature
35 lapse rate + clouds
36 lapse rate + albedo
37 surface temperature + clouds
38 surface temperature + albedo
39 clouds + albedo
40+ single level fields (see Appendix 2)

Table 1: Present standard field substitution in the BAM feedback code.

5. Running the feedback code

This section describes how users may run the feedback code on actual climate model output. Itis divided into
two sections, the first describing the namelist control parameters of importance. The second provides a sample
run job, designed to automate multi-month and mulyi-year analysis for long runs. Analysis of feedback output

is described in section 6.

5.1 Feedback Input Parameters

Appendix 3 shows a sample namelist for running the feedback code. The important namelist selections are:
CLIMFBCK ( = true/false ).

The main controlling input keyword. Setting to true runs the feedback code rather than the model. Default
= false

FBCK_INITC1/2 ( = filenames).

These keywords contain the names of the input history files (1= ‘control’ 2 = ‘perturbed’). Character*80,

specify full UNIX path.
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NPATH ( = number)
Specifies the number of feedback calculations to perform for each pair of model archives. Default=23.
Maximum (for horizontal feedbacks) = 39. For vertical feedback components, npath can be considerably

larger — see Appendix 2 and code for details.

FBCK_ALTERN (= true/false).
Used when calculating vertical feedbacks. If set to true, then an idealised perturbation, rather than the actual
perturbation, is applied to the control climate. These perturbations are: for water vapour, a 10% increase, for

temperature a 1K increase, for clouds a 2.5% increase.

FBCK_DIRN (= 0/1).
Used in conjunction with FBCK_ALTERN. The setting on FBCK_DIRN controls whether fields are
increased (1, as appropriate for application to the control fields), or decreased (0, as appropriate for

application to the perturbed fields).

FBCK_DIURNAL (= true/false).
Controls outputting of a diurnal history file. Note, of course, that such a file will have meaningful contents only
if the original history files contained archives stored at different diurnal times. Use in conjunction with

NAM_FEEDBACKDIAG, to provide name of output file.

CLDFOR (=true/false).
Standard keyword controlling calculation of cloud forcing. Setting to true causes clear sky radiative

perturbations to also be calculated.

Other namelist settings: other critical namelist settings are those covering clouds and radiation. For correct

calculation of feedbacks, these must be set to the same values as those of the original model run.

5.2 Jobs for running the feedback code

Appendix 4 contains a sample job for running repeated feedback calculations. This run job does the following:
(y) setup working directories
(z)  cycle through the calendar (month, day and time of day as appropriate) of the history files to be

analysed
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(aa) editthe namelist template (see Appendix 3) to produce appropriate namelists for each pair of monthly
jobs (job 1: substituting perturbed into control; job 2: substituting control into perturbed)

(bb) rcp over the appropriate pair of history files from the mass store

(cc) extract the CO, levels from the history files as a double check of correct file selection

(dd) run the pair of monthly calculations using BAM

(ee) store the resulting feedback output

(ff)  resubmit itself as appropriate to cycle through the selected months/years of the experiment.

6. Post processing of feedback output

The feedback code in BAM is designed to produce for each pair of analysed months a netCDF file containing

the monthly mean radiative perturbation for each particular field substitution, saved as a two-dimensional (for

single level substitutions) or three-dimensional (for multi level substitutions) field. These must generally be post

processed during analysis including some (or all) of the following steps:

(gg) differencing (and division by 2) of the two substitutions, perturbed into control, and control into
perturbed (see discussion of ‘decorrelation’ perturbation in Section 2).

(hh) normalisation (if required) of LW radiative perturbation by surface upward LW radiation, or SW by
top of atmosphere incident radiation.

(i1)  division by global surface temperature change to produce feedback value from radiative perturbation
(as required)

(jj)  temporal averaging (as required)

(kk) zonal, global or other spatial averaging (as required)

(1)  plotting or saving for input into other packages.

Appendix 5 includes examples of a standard job for post processing feedback data generated by BAM. Not
all code is included in Appendix 5. Further code (in particular, the Diagnostic Processor ICP decks) is

available in gale:/bm/ghome/rzc/gh2/diag/complex_feedback_bragg/.

7. Sample results

Figures 3 and 4 show some sample results. Figure 3 shows an example of a horizontal projection plot of a
radiative field perturbation, in this case the SW perturbation due to surface albedo changes going from a

1xCO, to a2xCO, climate. Taking the global average and dividing by the surface temperature change would
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give the classical ‘feedback’ measure. The field shows areas contributing to this feedback to be
predominantly, as expected, at high latitudes, in areas where snow or sea ice retreat has occurred.
Figure 4 shows cloud component feedbacks, also calculated for a 1xCO, to 2xCO, experiment. The
terms calculated are those in equation 14, including a further term, the ‘residual’, which is the difference
between the total cloud feedback, and the sum of the components included on the right-hand side of that
equation. The technique provides a detailed breakdown of the total cloud feedback into both LW and SW,
and into components covering clouds amount, heights, total water, water/ice phase change, convective fraction
and cloud physical thickness, and can provide important insights into the dominant physical processes in

determining net cloud feedback. A detailed discussion of these components is given in Colman ez al. (2001).
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Figure 3. Example of a horizontal projection plot of the TOA radiative perturbation due to a field change;
in this case, the SW perturbation from albedo. Two separate calculations have been done, swapping
control and perturbed climates and half the difference in radiative perturbations calculated (see discussion
in text).
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Figure 4. Total cloud feedback, divided into subcomponents. See Section 2.1 for explanation of
components.
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Appendix 1: Main feedback subroutines

Refer to Fig. 1 for a tree structure of the code. The main subroutines are:

gamloop_fbk

Main driving routine for the feedback calculations. Outermost loop in the routine is over time, and takes care
of reading the required archives from the input history files. Date and time information is kept track of here.
Inner loop is over substitution number, varying the substitution from 1 to npath (specified as a namelist
parameter). A parameter which may be hardwired in this subroutine (therefore requiring a recompilation) is
averaged_clouds. If this variable is set to .true., then the resulting feedback algorithm assumes it is dealing
with time averaged clouds at each level. This option would be used, for example, if the input files were not
daily history files, but monthly means. Because of nonlinearities in the clouds (due to cloud overlap
assumptions) the cloud amounts at each level must be scaled so that the total cloud amount (as specified in the
totcld field from the model) agrees with that derived from the mean clouds at each level overlapped. Note that
although this option is available in the code, it is generally not advisable to use it, because those same
nonlinearities produce significantly different feedback results compared with day by day processing. Itis thus

strongly recommended that the averaged cloud feature not in general be used.

fbck_inflds

Subroutine for reading a single archived for the required fields for the feedback calculations. The required
fields on the history file are: three-dimensional temperature, water vapour and clouds, surface temperature,
surface albedo and, if required, cloud liquid water, cloud ice water and convective cloud water content. Fields
are passed out of the subroutine through the argument list. Controlling parameters for the time and date of the
required archive are specified in the timing control in gamloop_fbk. The name of the input file is passed in

via argument list.

fbck_albedo

Rather ad hoc subroutine to ensure that in the feedback calculations, nonzero albedos are seen everywhere.
If the albedo at the latitude is zero, then it is replaced by the next value equatorward. The reason for this
requirement is that small mismatches in the radiation calculation between those specified in the original run, and
in the feedback analysis, can result in their being zero albedo at points where radiation calculations are being
carried out. This problem used to be worse when monthly, fixed season, radiation was used in the feedback

calculation. However, the recommended way to run now is with season="VARY’ for variable season runs,

18



and this subroutine is probably less frequently required.

fbck_mixflds

Subroutine that sets the flag or flags which determine which field(s) (if any) are to be perturbed during each
pass through of the radiation code. This subroutine is the primary one which needs to be modified to add or
change fields substitutions. Once flags are set, actual fields substitutions are carried out in fbck_pert_field.
Note that, because of the field requirements of some substitutions, the order in which substitutions are
requested is not entirely arbitrary. For example, the lapse rate substitution, in particular, requires that it be
requested after the substitution of all fields. In general, substitutions of multiple fields are possible, although

caution must be exercised when substituting surface temperature or lapse rate.

fbck_pert_field

Main subroutine that performs the actual fields substitutions. Inputis logical variables specifying required

substitution (passed through common block feedback_flags) and original fields. Outputis perturbed fields.
Note that on the first pass through fbck_pert_field (i.e. during the first field substitution), the ‘footprint’

is set up for the cloud component feedback calculations. This consists of arrays which save the cloud

parameters which may be required for filling in missing data in the case of the substitution algorithm not being

able to find corresponding cloud in the control and perturbed climates.

fbck_store

Subroutine to store and retrieve some important variables within the latitude loop. The rationale is that some
variables which require manipulation (e.g. atmospheric temperature for the lapse rate feedback) are only
known spectrally outside the latitude loop, and therefore must be saved separately for manipulation on the grid.
Substitutions affected by fbck_store are: surface temperature, lapse rate, water vapour amount and cloud
temperature. Note that, because of the need for using fbck_store, the order of fields substitutions can be
important. In general, an ‘all’ substitution should be done before the others. A future change to remove the
output of spectral fields from BMRC history files should remove the need for manipulation within the latitude
loop, meaning that fbck_store functionality can be moved to fbck_pert_field.

For the lapse rate feedback, fbck_store must have previously stored values of the ‘control’
temperature at the surface 7(0) and at all model levels 7(i). Given new values of the surface 7 {0) and
atmospheric temperature 7 {i), this subroutine modifies the control atmospheric temperatures so that the
difference between them and the old surface temperature is the same as that between the new atmospheric

and surface temperatures, viz:
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TG) - TO)+[T°(0)- T'(0)]

fbck_global_ts

Used to calculate global surface temperature for use in water vapour and temperature component feedback

calculations.

fbck_cloudfrac
Used in cloud amount calculation. Tidies up cloud which has a very tiny cloud fraction. Such clouds are not
seen by the radiation code in the model, but can affect the algorithm used in calculating cloud amount feedback

in BAM (e.g. tiny cloud amounts can cause unrealistic ‘scaling’ of cloud fractions in the cloud amount

feedback calculation).

fbck_totcld
Used in cloud amount calculation. Returns the total cloud amount given the cloud amount at each level. The
current algorithm used in the Rotstayn cloud scheme is random overlap in each of ‘high’, ‘middle’ and ‘low’

categories, then randomly overlapping them. This subroutine would need to be modified if the cloud overlap

assumption were to be changed.

fbck_cloud_ratios
Used in cloud amount calculation. Subroutine for doing the manipulation of cloud at each level to produce the
final scaled total cloud amount. Subroutine uses aniterative (‘halving’) method for modifying the cloud

amounts. Includes calls to fbck_totcld to obtain total cloud amounts during the process.

fbck_modcld
Used in cloud amount calculation. Subroutine modifies cloud amounts at each level by a given factor (passed

from subroutine fbck_cloud_ratios), simultaneously ensuring that cloud amounts at each level are sensible (i.e.

greater than or equal to zero, and less than or equal to one).

fbck_rsetflds

Subroutine to restore all fields to their original unperturbed state (i.e. those of the ‘control’ archive).

fbck_arraysave

Subroutine to store, average, and process the feedback fields. Action of the subroutine is dictated by the flag

20



passed in the argument list. For the flag =0, the feedback storage fields are zeroed. For the flag =1, the
required radiation fields are accumulated into the storage arrays. Note that the short wave irradiance and
longwave up at the surface (required for normalisation) are also saved. The accumulation factor is set by the
number of archives in the history file. For the flag =2, the fields are prepared for output. This consists of
subtraction from the ‘no perturbation’ case, and, in the case of multilevel fields, normalisation by the mass in
each layer. The calculation of cloud height and water vapour height feedbacks is done here by subtraction of

the ‘amount’ feedbacks from the total parameter feedback.

fbck_arraysave_diurnal

Equivalent subroutine to fbck_arraysave, except applied to diurnal fields (if required).

fbck_archive
Subroutine to handle the archiving of the feedbacks. The subroutine constructs feedback names and

descriptions, then stores to netCDF files using putflddata.

fbck_error_detect

Subroutine to perform a series of tests for the consistency of the three-dimensional cloud data to be used for
the radiation calculations. Testinclude zero cloud, with nonzero cloud could water, unphysical amounts of
cloud or cloud water, nonzero cloud with zero cloud water. Note that errors do not cause the code to

terminate, but simply print a diagnostic message.

fbck_error_detect_2d
Equivalent to fbck_error_detect, except that tests are done over two-dimensional arrays only (for use inside

the latitude loop).

Some other existing subroutines have needed to be modified to support climate feedback calculations:

swdar

Modified to set the lower limit of cloud liquid water, so that it does not fall below 107" kg m™. These
extremely small values can occur for the case where there is a ice in one climate, and water in the other.
Substituting across total water content from the ice climate into the water climate (for instance in the C,,

calculation) can result in unphysically low water content.
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raddrv0

Modified to include extra calls to convert mixing ratios to cloud water content, and to diagnose cloud effective

radius. These calculations are normally done in the convection scheme (which is turned off for the feedback

calculations).
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Appendix 2: Single-level field substitutions

Substitution Field substitution carried out in code
number

1 lapse rate (to TOA)
2 water vapour
3 water vapour amount
4 water vapour perturbed by global mean AT, (RH fixed)
5 water vapour perturbed by actual AT, (RH fixed)
6 water vapour perturbed by Al" (RH fixed)
7 water vapour perturbed by ARH
8 water vapour perturbed by fixed fraction, actual AT, (RH fixed)
9 clouds
10 cloud fraction
11 cloud amount
12 cloud water substance
13 cloud water phase
14 cloud temperature
15 convective cloud fraction
16 surface temperature

Table 2: Present single level field substitutions in the BAM feedback code to give vertical distributions of
feedback contributions. Note that each of these substitutions actually entails 7 separate field substitutions,

where n is the number of vertical levels in the archive data.
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Appendix 3: Sample namelist

The following is a sample namelist ‘template’ for running the BAM feedback code. A number of settings are
modified by the run job shown in Appendix 4, and the two Appendices should be considered together.

modeltype = 'agcm'’
nbands = 1
nprday = 64
| starting options
istdat = startday
isttim = starttime
kendate = endday
naminitc = '/work/rzc/cplx/directory 1/Hyearmnth. EXPTX.nc'
namhistf = '/work/rzc/cplx/H_cplx'
inhdr = 'FORC'
nostst = 0
idumpt = -21
! complex feedback options
climfbck = .true.
fbck_initcl = '/work/rzc/cplx/directory 1/Hyearmnth. EXPTX.nc'
fbck_initc2 = '/work/rzc/cplx/directory2/Hyearmnth. EXPTX.nc'
fbck_altern = .fbck_alternate_calc.
fbck_dirn = fbck_dirn_val
fbck_diurnal = .true.
npath = 39
! physics
dif_flag = false.
con_flag = false.
rad_flag = .true.
vd_flag = .false.
gwdflg = false.
flx_flag = false.
hd_flag = .false.
! radiation options
season = 'VARY'
solcon = 1365.
co2mix = co2amount.0
cldfor = .true.
lwscheme = "FS89'
swscheme = 'SWRE9IDAR'
cldscheme = 'QCLOUDN'
clstype = rotstayn'
clwcopt = LWDAR'
csweopt = 'SWDAR'
zenithflg="DAR'
03scheme="UGAMP'
! output options
kount_feedbackdiag = -24
nam_feedbackdiag = 'H_diurnal'
feedbackdiag_lvl =1

kountp = -3

kountz = -24
kounth = -24
kountd = -24
kountq = -24

kount_pt_arm =1
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Appendix 4: Sample run job

The following is a sample job script for running repeated calculations of climate feedbacks. It modifies the
namelist ‘template’ in Appendix 3, and the two appendices should be read together. Note that it can be set
to resubmit itself either as either monthly or yearly jobs using variable ‘yearjob’ (suggest yearly for standard

field calculations alone, monthly for also doing multilevel calculations).

#!/bin/csh

#@$-s /bin/csh
#@$-1T 24000
#@$-IM 700Mb
#@$-co

# A script to do succesive months of cfb analysis

# Sets up job, runs it:

# Memory requirement for 33 fields at R21L.17 is 500 MB.

# NB 1 month takes about 2600s, 1 yr 32000.. for 33 fields (on russell)

# ~3200s 40000 for 39 fields (still S00Mb)

# 24000s for 311 fields (mem 700Mb)

# Resubmits itself in 12 month or 1 month chunks depending on 'yearjob'.

set echo

# setting for monthly or yearly job resubmits. For monthly, set yearjob to "no"
set yearjob = "no"

# select executable

set executable = /bm/datas/rzc/bam/complex_feedback/new_code_3.3c_qx/3.3c.bam_r253_2.ex
cd /work/rzc

# set up directories

if (! -d cplx) mkdir cplx

cd /work/rzc/cplx

if (! -d printouts) mkdir printouts

if (! -d history) mkdir history

if (! -d printouts_rev) mkdir printouts_rev

if (! -d history_rev) mkdir history_rev

if (! -d control) mkdir control

if (! -d perturb) mkdir perturb

\rm -f out*

# vary the experiment number depending upon experiment being analysed

set expno = 6

# This next variable should be set to true only for idealised multi-level calcs
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set fbck_alternate_cal = "false’
# Other settings

set idumpt = 21
set EXPT = "c003"

# cp over the name list file
rcp gale-hippi:/bm/ghome/rzc/complex_feedback/NL_TEMPLATE_daily .
exptloop:

if ($expno == 1) then

set co2amount1 = "330"; set co2amount2 = "660" ; set exptl ="1"; set expt2 = "2"
else if ($expno == 2) then

set co2amountl = "330"; set co2amount2 = "1320"; set exptl = "1"; set expt2 = "4"
else if ($expno == 3) then

set co2amountl = "165"; set co2amount2 = "330" ; set exptl ="0"; set expt2 ="1"
else if ($expno == 4) then

set co2amountl = "660"; set co2amount2 = "1320"; set exptl = "2"; set expt2 = "4"
else if ($expno == 5) then

set co2amount1 = "330"; set co2amount2 = "330" ; set exptl ="1"; set expt2 ="1"
else if ($expno == 6) then

set co2amount]l = "330"; set co2amount2 = "660" ; set exptl ="1"; set expt2 = "2"
endif

# Start 2019 (year is incremented in January).

set year = 2018; set starttime = 900
#set year = 2019; #set starttime = 600

setb=0

monthloop:
set mthnm = (JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC )
set dayinm = ( 31 28 31 3031 30 31 31 3031 3031)

@ month =1 + $b
set mnth = $mthnm[$month]
set nostrday = $dayinm[$month]

# allow for leap year

if ( $month == 2 ) then
if  ($year == 2016 ) @ nostrday = 29
if  ($year ==2020) @ nostrday = 29
if  ($year == 2024 ) @ nostrday =29
if  ($year ==2028 ) @ nostrday = 29
if  ($year == 2032 ) @ nostrday = 29

endif

if ($month == 1) then
@ year = $year + 1

endif

#

#

# Edit the namelists
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# First is M<P, second is M>P
#
# normal case: set year
#
set yearl = $year
set year2 = $year
@ startday = $yearl * 10000 + $month * 100 + 1
@ endday = $yearl * 10000 + $month * 100 + $nostrday
#
# expt 'S' case. Substituting control experiment into itself: match years so that
# starting time corresponds between archives. If cant find match skip that year's analysis
#
if ($expno == 5) then
if ($yearl == 2020 ) goto skipintegration
if ($yearl == 2021 ) set year2 = 2027
if ($yearl == 2022 ) set year2 = 2033
if ($yearl == 2023 ) set year2 = 2034
if ($yearl == 2024 ) goto skipintegration
if ($yearl == 2025 ) set year2 = 2031
if ($yearl == 2026 ) goto skipintegration
if ($year] == 2027 ) goto skipintegration
if ($yearl == 2028 ) goto skipintegration
if ($yearl == 2029 ) set year2 = 2035
if ($yearl >= 2030 ) goto skipintegration
endif

set directory1 = 'control’
set directory2 = 'perturb’
if ($expno == 5) set directory2 = $directory
set co2amount = ${co2amount] }
set fbck_dirn_val =1
#
sed -e "1,$ s'startday'$ {startday }'" \
-e "1,$ s'starttime'${starttime }'"" \
-e "1,$ s'endday'${endday}"" \
-e "1,$ s'yearl'${yearl}"\
-e "1,$ s'year2'${year2}'" \
-¢ "1,$ s'idumpx'${idumpt}" \
¢ "1,$ SEXPTX'${EXPT}" \
-e "1,$ s'directory I'${directory1}" \
-e "1,$ s'directory2'${directory2}" \
-e "1,$ s'co2amount'${co2amount}"" \
-e "1,$ s'fbck_alternate_calc'${fbck_alternate_cal}"" \
-e "1,$ s'fbck_dirn_val'${fbck_dirn_val}" \
-e "1,$ s'mnth'${mnth}"" NL_TEMPLATE_daily >! NLcfbk1

#.

H

# rcp over the history files

\rm /work/rzc/cplx/${directory1 }/H*
\rm /work/rzc/cplx/${directory2 }/H*

rcp sam1-hippi:/samex/mrgh/ceti/c003/history/$expt1/HSyear 1 $mnth.$EXPT.nc /work/rzc/cplx/${directory1}
rcp sam1-hippi:/samex/mrgh/ceti/c003/history/$expt2/HSyear2$mnth.$EXPT.nc /work/rzc/cplx/${directory2}

# double check the co2 levels - ie that expt was correct

ncdump -v namelist /work/rzc/cplx/${directory 1 }/H$yearl $mnth.$EXPT.nc | grep co2co
ncdump -v namelist /work/rze/cplx/${directory2 }/H$year2$mnth.$EXPT.nc | grep co2co
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chmod 755 *

H

set directory1 = 'perturb’
set directory2 = 'control'
if ($expno == 5) then
set directoryl = $directory2
set yeartemp = $yearl
set yearl = $year2
set year2 = $yeartemp
endif
@ startday = $yearl * 10000 + $month * 100 + 1
@ endday = $yearl * 10000 + $month * 100 + $nostrday
set co2amount = ${co2amount2}
set fbck_dirn_val = -1

sed -e "1,$ s'startday'$ {startday }'" \
-e "1,$ s'starttime'${starttime }'"" \
- "1,$ s'endday'${endday}"" \
-e "1,$ s'yearl'${yearl}" \
-e "1,$ s'year2'${year2}'" \
-¢ "1,$ s'idumpx'${idumpt}" \
e "1,$ SEXPTX'${EXPT}" \
-e "1,$ s'directory I'${directory1}" \
-e "1,$ s'directory2'${directory2}" \
-e "1,$ s'co2amount'${co2amount}"" \
-e "1,$ s'fbck_alternate_calc'${fbck_alternate_cal}" \
-e "1,$ s'fbck_dirn_val'${fbck_dirn_val}" \
- "1,$ s'mnth'${mnth}"" NL_TEMPLATE_daily >! NLcfbk2

# Run the jobs: first job M<P

rm nlctbk; cp NLcfbk1 nlefbk

run_bam -nll nlcfbk -ncpus 1 -ex $executable -o prtest_cfb
# Store the output: all named after 'year'

\mv -f prtest_cfb printouts/p_$expno\_$year\_$month

\mv -f H_cplx history/H_$expno\_S$year\ $month

\mv -f H_diurnal history/HD_$expno\_$year\_$month

# Run the jobs: second job M>P

rm nlcfbk; cp NLcfbk2 nlcfbk

run_bam -nll nlcfbk -ncpus 1 -ex $executable -o prtest_cfb
# Store the output: all named after 'year'

\mv -f prtest_cfb printouts_rev/p_$expno\_$year\_$month

\mv -f H_cplx history_rev/H_S$expno\_S$year\_$month
\mv -f H_diurnal history_rev/HD_S$expno\_S$year\_$month
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# save to mass store

rcp history/H_S$expno\_S$year\_$month sam1-hippi:/sammrgh/gen/rzc/bam1/cplx_c003_2002/$expno/history
rep history/HD_$expno\_$year\_$month sam1-hippi:/sammrgh/gen/rzc/bam1/cplx_c003_2002/$expno/history
rep history_rev/H_$expno\_$year\_$month sam1-hippi:/sammrgh/gen/rzc/bam1/cplx_c003_2002/$expno/history_rev

rep history_rev/HD_$expno\_$year\_$month sam1-hippi:/sammrgh/gen/rzc/bam1/cplx_c003_2002/$expno/history_rev
#

skipintegration:

#

# Increment the month, and calculate the new start time

#

@ nstarttime = $starttime / 100

@ no_hours = ( ( 24 * $nostrday ) - $nstarttime ) - 1

@ no_archives = ( $no_hours / $idumpt ) + 1

@ hours_left = ( $no_hours + 1) - ( ( $no_archives - 1) * $idumpt )
@ nstarttime = $idumpt - $hours_left

@ starttime = $nstarttime * 100

echo 'new start time, no of archives: ',$starttime, $no_archives
@b ++

if ( $yearjob == "yes" ) then
if ($month <= 11) goto monthloop
endif

if ($year > 2035) goto enditall
# Submit next job after updating start year/time
cd /bm/datas/rzc/bam/complex_feedback

if ( $yearjob == "yes" ) then
@ yearplusone = $year + 1
sed -e "1,100 s'2018'${year}" \
-e "1,100 s'900'${ starttime }"" \
drive_complex_feedback_daily >! r$yearplusone
gsub r$yearplusone
else
@ monthplusone = $month + 1
@ yearplusone = $year
if ($month == 11) @ yearplusone = $year + 1
sed -e "1,100 s'2018'${year}" \
-e "1,100 s'900'${ starttime }"" \
-e "1,100 s'b = 0'b = ${month}" \
drive_complex_feedback_daily >! r${yearplusone}_$monthplusone
gsub r${yearplusone}_$monthplusone
endif

# Tidy up run job

\rm -f run_jobs/r$yearplusone run_jobs/r${yearplusone}_$monthplusone
mv r$yearplusone r${yearplusone}_$monthplusone run_jobs

enditall:
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Appendix 5: Postprocessing scripts

The following is an example of a script to carry out postprocessing of the BAM feedback output. This script
is adriver for looping through the analysis of different types of radiative perturbations, and running the
Diagnostic Processor. Actual ICP’s are not listed here due to space limitations, but can be found in

gale:/bm/ghome/rzc/gh2/diag/complex_feedback_bragg/.

#!/bin/csh
#
# Script to postprocess the feedback output from BAM.

alias diag /bm/gshare/bin/diagg

cd /bm/gdata/rzc/analyse_fbks_2002

if (! -d feedback) mkdir feedback; cd feedback
if (! -d history) mkdir history

if (! -d history_rev) mkdir history_rev

# Set experiment number for experiment number to analyse & title on plots.
set expno = 1

if ($expno == 1) then; set xtitlex = "1->2xCO2, TOA (W/m”2), 10 yr mean"
else if ($expno == 2) then; set xtitlex = "1->4xCO2"

else if ($expno == 3) then; set xtitlex = "1->1/2xCO2"

endif

set season = "annual"

# File for storing global averages etc
\rm area_avg*; echo''> area_avgl; \rm -f out* OUT* fort55 zon* d_*; echo''> fort55

# copy across icp's and 'history' files containing feedback output

cp /bm/ghome/rzc/gh2/diag/complex_feedback_bragg/icp_horiz_cplx_fields* .
rep florey-hippi:/work/rzc/cplx/history/H_\* history

rep florey-hippi:/work/rzc/cplx/history_rev/H_\* history_rev

# loop over the different types of radiation analysed
setb=0
rad_type_loop:

@ rad_type =1+ $b

if ($rad_type == 1) then;  set name = "sw"

else if ($rad_type == 2) then;  set name = "lw"

else if ($rad_type == 3) then;  set name = "sw_clr"
else if ($rad_type == 4) then;  set name = "lw_clr"
else if ($rad_type == 5) then;  set name = "cross"
else if ($rad_type == 6) then;  set name = "cross_clr"
endif

H#

# Edit the first icp
# to produce timeavg savetapes and area/zonal averages.
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# This icp calculates half the difference between the two substitution results
# (M<P and M>P).
#
\rm icptemp
sed -e "1,$ s/cc${rad_type}//g" \
-e "1,$ s/c${season}//g" \
-e "1,$ s/expno/${expno}/g" \
-e "1,$ s/output_file/O_${rad_type}/g" \
icp_horiz_cplx_fields1_2002 > icptemp
# icp_horiz_cplx_fields1_2-1 > icptemp
# Previous line: this gives either: 1 - avg of 2<-1 2->1
# 2 - 2->1 alone
\rm O_${rad_type}
diag icptemp > out1_$rad_type

\rm tempjunk
grep 'AREA AVG' outl_$rad_type > tempjunk
cat tempjunk | sed -e "1,$ S'AREA AVG' " >> area_avgl
echo''>> area_avgl
#
# Store the output
cat fort.55 >> fort55
mv fort.55 zon_$name

T

# Edit the second icp
# Creates horizontal plots and netCDF savetapes.
#
#'cc' gets 'usual' TOA perturbations
# 'ccc' gets 'normalised’' TOA perturbations (by delTS and LW up at surf)
#
# sed-e"1,$ s'ccc$rad_type" \
sed -e "1,$ s'cc$rad_type™ \
-e "1,$ s'season'$season \
-e "1,$ s'xtitlex'$xtitlex' \
-e "1,$ s'input_file'O_$rad_type™ \
- "1,$ s'xxx'$name'" \
icp_horiz_cplx_fields2 > icptemp

# Run the job to produce DRS savetapes
#

diag icptemp > out2_$rad_type

\rm gmeta_$name

mv gmeta gmeta_$name

1T

# Edit the third icp
# Creates differences from cloud effects (i.e all sky fbk - clear sky)
# and plots them.

\rm icptemp icptempl

if ($rad_type == 3) then
sed - "1,$ s'ccl"\
-e¢ "1,$ s'season'$season’ \
-e "1,$ s'xtitlex'$xtitlex™ \
-e "1,$ s'input_filea'O_1"\
-e "1,$ s'input_fileb'O_3""\
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icp_horiz_cplx_fields3 > icptemp

\rm out3_1 gmeta_$name\_crf
diag icptemp > out3_1
mv gmeta gmeta_$name\_crf

else if ($rad_type == 4) then
sed -e "1,$ s'cc2™ \
-e "1,$ s'season'$season'" \
-e "1,$ s'xtitlex'$xtitlex" \
-e "1,$ s'input_filea'O_2""\
-e "1,$ s'input_fileb'O_4"" \
icp_horiz_cplx_fields3 > icptemp

\rm out3_2 gmeta_$name\_crf
diag icptemp > out3_2
mv gmeta gmeta_$name\_crf
endif
@b ++

if ($rad_type <= 5) goto rad_type_loop

\mv gmeta_lw_clr_crf gmeta_lw_crf; \mv gmeta_sw_clr_crf gmeta_sw_crf
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