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Modifications to CLM4.5 source code
The Community Land Surface Model (CLM) science version 4.5.1 series (version

clm4_5_14_r226) was used for our study. In order to create a case/run, the following com-
mand was used:

./create_newcase --user-mods-dir \
/glade/p/work/wwieder/clm5_r162/components/clm/tools/shared/PTCLM/mydatafiles/1x1pt_US-NR1 \
--case NR1_PTCLM45sp_4_0LAI_A1_test --project PXXXXXX \
--res CLM_USRDAT --compset I1PTCLM45 --mach cheyenne --run-unsupported

In order to use observed friction velocity, three XML files in the CLM source code are
modified (these files are included in the ZIP archive). The modified XML files are:

~/components/clm/bld/CLMBuildNamelist_obs_ustar.pm*
~/components/clm/bld/namelist_files/namelist_definition_clm4_5_mod_ustar.xml
~/components/clm/bld/namelist_files/namelist_defaults_clm4_5_mod_ustar.xml

which should replace the following files in the CLM source code:

~/components/clm/bld/CLMBuildNamelist.pm*
~/components/clm/bld/namelist_files/namelist_definition_clm4_5.xml
~/components/clm/bld/namelist_files/namelist_defaults_clm4_5.xml

The alphanumeric name of each the CLM4.5 run shown in Table 1 is listed below
along with the name of the CLM directory used to run the software. For a specific exam-
ple of modifying the source code, see AppendixA. Within CLM, the revised source code is
placed in the subdirectory, “SourceMods/src.clm/”. In our zip archive, we include the follow-
ing files for each case: user_nl_clm, env_case.xml, and the contents of SourceMods/src.clm/.

Listing of the alphanumeric code and corresponding CLM case name:

A1 (LAI=2): NR1_PTCLM45sp_2_0LAI_A1
A1 (LAI=4): NR1_PTCLM45sp_4_0LAI_A1
A1 (LAI=6): NR1_PTCLM45sp_6_0LAI_A1

B0: NR1_PTCLM45sp_4_0LAI_B0_leaf_wet_02
B1: NR1_PTCLM45sp_4_0LAI_B1_leaf_wet_02_noS
B2: NR1_PTCLM45sp_4_0LAI_B2_leaf_wet_02_noS_ustar_obs

C0: NR1_PTCLM45sp_4_0LAI_C0_ustar_obs

D0: NR1_PTCLM45sp_4_0LAI_D0_zetamax
D1: NR1_PTCLM45sp_4_0LAI_D1_ustar_obs
D2: NR1_PTCLM45sp_4_0LAI_D2_ustar_obs_hog88
D3: NR1_PTCLM45sp_4_0LAI_D3_ustar_obs_hand99

E0: NR1_PTCLM45sp_4_0LAI_E0_noS

F0: NR1_PTCLM45sp_4_0LAI_F0_Csoil_08
F1: NR1_PTCLM45sp_4_0LAI_F1_Csoil_08_noS
F2: NR1_PTCLM45sp_4_0LAI_F2_Csoil_ustar_obs

G1: NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08
The provided zip file that contains the revised code is:

-rw-r--r-- 1 sean ncar 1389592 Jan 10 14:27 agu_JAMES_SpB_CLM_code_mods_180110.zip

NOTE: The zip file name might be called something like, “jame20548-sup-00XX-DataSetS01.zip”.
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The contents of the zip file has the following format:

unzip -l agu_JAMES_SpB_CLM_code_mods_180110.zip | more
Archive: agu_JAMES_SpB_CLM_code_mods_180110.zip
Length Date Time Name

--------- ---------- ----- ----
1115 12-07-2017 15:59 NR1_PTCLM45sp_2_0LAI_A1/user_nl_clm
7958 12-07-2017 15:59 NR1_PTCLM45sp_2_0LAI_A1/env_archive.xml
6709 01-04-2018 13:21 NR1_PTCLM45sp_2_0LAI_A1/env_batch.xml
15117 01-04-2018 13:21 NR1_PTCLM45sp_2_0LAI_A1/env_build.xml
12954 12-07-2017 15:59 NR1_PTCLM45sp_2_0LAI_A1/env_case.xml
5456 12-07-2017 15:59 NR1_PTCLM45sp_2_0LAI_A1/env_mach_pes.xml
2415 12-07-2017 15:59 NR1_PTCLM45sp_2_0LAI_A1/env_mach_specific.xml
50883 01-04-2018 13:21 NR1_PTCLM45sp_2_0LAI_A1/env_run.xml
83925 03-03-2017 15:31 NR1_PTCLM45sp_2_0LAI_A1/SourceMods/src.clm/CanopyFluxesMod.F90
29875 09-12-2017 08:35 NR1_PTCLM45sp_2_0LAI_A1/SourceMods/src.clm/CanopyTemperatureMod.F90
42361 02-27-2017 15:54 NR1_PTCLM45sp_2_0LAI_A1/SourceMods/src.clm/FrictionVelocityMod.F90
28430 03-03-2017 23:14 NR1_PTCLM45sp_2_0LAI_A1/SourceMods/src.clm/SatellitePhenologyMod.F90
1115 07-26-2017 10:29 NR1_PTCLM45sp_4_0LAI_A1/user_nl_clm
7958 12-07-2017 15:36 NR1_PTCLM45sp_4_0LAI_A1/env_archive.xml
6709 01-04-2018 13:29 NR1_PTCLM45sp_4_0LAI_A1/env_batch.xml
15117 01-04-2018 13:29 NR1_PTCLM45sp_4_0LAI_A1/env_build.xml
12946 12-07-2017 15:42 NR1_PTCLM45sp_4_0LAI_A1/env_case.xml
5456 12-07-2017 15:50 NR1_PTCLM45sp_4_0LAI_A1/env_mach_pes.xml
2415 12-07-2017 15:36 NR1_PTCLM45sp_4_0LAI_A1/env_mach_specific.xml
50883 01-04-2018 13:29 NR1_PTCLM45sp_4_0LAI_A1/env_run.xml
83925 03-03-2017 15:31 NR1_PTCLM45sp_4_0LAI_A1/SourceMods/src.clm/CanopyFluxesMod.F90
29875 09-12-2017 08:35 NR1_PTCLM45sp_4_0LAI_A1/SourceMods/src.clm/CanopyTemperatureMod.F90
42361 02-27-2017 15:54 NR1_PTCLM45sp_4_0LAI_A1/SourceMods/src.clm/FrictionVelocityMod.F90
1115 12-07-2017 15:59 NR1_PTCLM45sp_6_0LAI_A1/user_nl_clm
7958 12-07-2017 15:59 NR1_PTCLM45sp_6_0LAI_A1/env_archive.xml
6709 01-04-2018 13:37 NR1_PTCLM45sp_6_0LAI_A1/env_batch.xml
15117 01-04-2018 13:37 NR1_PTCLM45sp_6_0LAI_A1/env_build.xml
12954 12-07-2017 15:59 NR1_PTCLM45sp_6_0LAI_A1/env_case.xml
5456 12-07-2017 15:59 NR1_PTCLM45sp_6_0LAI_A1/env_mach_pes.xml
2415 12-07-2017 15:59 NR1_PTCLM45sp_6_0LAI_A1/env_mach_specific.xml
50883 01-04-2018 13:37 NR1_PTCLM45sp_6_0LAI_A1/env_run.xml
83925 03-03-2017 15:31 NR1_PTCLM45sp_6_0LAI_A1/SourceMods/src.clm/CanopyFluxesMod.F90
29875 09-12-2017 08:35 NR1_PTCLM45sp_6_0LAI_A1/SourceMods/src.clm/CanopyTemperatureMod.F90
42361 02-27-2017 15:54 NR1_PTCLM45sp_6_0LAI_A1/SourceMods/src.clm/FrictionVelocityMod.F90
28430 03-03-2017 23:36 NR1_PTCLM45sp_6_0LAI_A1/SourceMods/src.clm/SatellitePhenologyMod.F90
1170 10-21-2017 01:57 NR1_PTCLM45sp_4_0LAI_B0_leaf_wet_02/user_nl_clm
1171 12-08-2017 09:51 NR1_PTCLM45sp_4_0LAI_B1_leaf_wet_02_noS/user_nl_clm
1168 01-10-2018 00:18 NR1_PTCLM45sp_4_0LAI_B2_leaf_wet_02_noS_ustar_obs/user_nl_clm
7958 12-08-2017 09:23 NR1_PTCLM45sp_4_0LAI_B0_leaf_wet_02/env_archive.xml
etc, etc.
16560 03-24-2017 10:54 NR1_PTCLM45sp_4_0LAI_F2_Csoil_ustar_obs/SourceMods/src.clm/clm_varctl.F90
42339 03-24-2017 10:54 NR1_PTCLM45sp_4_0LAI_F2_Csoil_ustar_obs/SourceMods/src.clm/controlMod.F90
42361 02-27-2017 15:54 NR1_PTCLM45sp_4_0LAI_F2_Csoil_ustar_obs/SourceMods/src.clm/FrictionVelocityMod.F90
9346 03-24-2017 10:54 NR1_PTCLM45sp_4_0LAI_F2_Csoil_ustar_obs/SourceMods/src.clm/UstarStreamMod.F90
1168 01-10-2018 10:48 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/user_nl_clm
7958 01-10-2018 10:24 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/env_archive.xml
6709 01-10-2018 11:53 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/env_batch.xml
15117 01-10-2018 11:53 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/env_build.xml
13020 01-10-2018 10:24 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/env_case.xml
5456 01-10-2018 10:24 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/env_mach_pes.xml
2415 01-10-2018 10:24 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/env_mach_specific.xml
50883 01-10-2018 11:53 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/env_run.xml
83387 03-24-2017 10:54 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/SourceMods/src.clm/CanopyFluxesMod.F90
29875 09-12-2017 08:35 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/SourceMods/src.clm/CanopyTemperatureMod.F90
74761 03-24-2017 10:54 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/SourceMods/src.clm/clm_driver.F90
29083 03-24-2017 10:54 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/SourceMods/src.clm/clm_initializeMod.F90
18255 09-17-2017 14:14 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/SourceMods/src.clm/clm_varcon.F90
16560 03-24-2017 10:54 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/SourceMods/src.clm/clm_varctl.F90
42339 03-24-2017 10:54 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/SourceMods/src.clm/controlMod.F90
44971 08-09-2017 22:49 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/SourceMods/src.clm/FrictionVelocityMod.F90
9346 03-24-2017 10:54 NR1_PTCLM45sp_4_0LAI_G1_ustar_obs_hog88_leaf_wet_Csoil08/SourceMods/src.clm/UstarStreamMod.F90

193687 03-24-2017 10:54 glade/u/home/sean/clm50/./components/clm/bld/CLMBuildNamelist_obs_ustar.pm
192329 03-03-2017 10:38 glade/u/home/sean/clm50/./components/clm/bld/CLMBuildNamelist_original.pm
193687 03-24-2017 10:54 glade/u/home/sean/clm50/./components/clm/bld/CLMBuildNamelist.pm
90910 03-24-2017 10:54 glade/u/home/sean/clm50/./components/clm/bld/namelist_files/namelist_definition_clm4_5_mod_ustar.xml
89493 03-03-2017 10:38 glade/u/home/sean/clm50/./components/clm/bld/namelist_files/namelist_definition_clm4_5_original.xml
90910 03-24-2017 10:54 glade/u/home/sean/clm50/./components/clm/bld/namelist_files/namelist_definition_clm4_5.xml
157015 04-12-2017 15:10 glade/u/home/sean/clm50/./components/clm/bld/namelist_files/namelist_defaults_clm4_5_mod_ustar.xml
156614 03-03-2017 10:38 glade/u/home/sean/clm50/./components/clm/bld/namelist_files/namelist_defaults_clm4_5_orig.xml
72266 03-03-2017 10:38 glade/u/home/sean/clm50/./components/clm/bld/namelist_files/namelist_defaults_clm4_5_tools.xml
157015 04-12-2017 15:10 glade/u/home/sean/clm50/./components/clm/bld/namelist_files/namelist_defaults_clm4_5.xml

--------- -------
6872417 227 files
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Supplemental Figures
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Figure S1. As in Fig. 2, except the standard deviation of the data within each bin are shown.
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Figure S2. Observed and CLM4.5 friction velocity u∗ during wDry periods between midnight and 4:00
MST versus the bulk Richardson number Rib. In (a), all the 30-min values are shown while (b) shows the
Rib-binned mean values. CLM results are from the CLM4.5 A1 (default) configuration (Table 1).
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Figure S8. As in Figure 2, except for the CLM4.5 G1 configuration (i.e., with LAI = 4, observed u∗,
Cs,dense = 0.01, f max

wet = 0.02, and using universal function from Högström (1988)).
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Figure S9. As in Figure 7, except for the CLM4.5 G1 configuration (i.e., with LAI = 4, observed u∗,
Cs,dense = 0.01, f max

wet = 0.02, and using universal function from Högström (1988)).
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wet = 0.02, and using universal function from Högström (1988)).
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Figure S11. As in Figure 1, except for the Howland Forest (US-Ho1) in Maine which is a northern boreal
spruce-dominated transitional forest consisting primarily of a hemlock-spruce-fir mixture with an LAI ≈5.5.
Measurements are from the warm-season between years 1996 to 2012.
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Figure S12. Friction velocity u∗ versus above-canopy wind speed U for the observations from Howland
Forest (US-Ho1), Niwot Ridge (US-NR1) along with CLM4.5 A1 u∗ from US-NR1 for (a2) daytime and (b2)
nighttime conditions during the warm-season months. The legend in (b2) applies to all panels and only bins
with at least 30 samples are shown.. The frequency distribution of 30-min average U is shown in the upper
panels for (a1) daytime and (b1) nighttime conditions.
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