
Enabling High-Resolution Input Data in the Land Surface Component  
of the KIAPS Numerical Weather Prediction System 

	
FINAL	REPORT	

	
for	the	

	
Korea	Institute	For	Atmospheric	Prediction	Systems	

	
	
	
	

Principal	Investigator:		
	

James	L.	Kinter	III		
Center	for	Ocean-Land-Atmosphere	Studies	(COLA)	
George	Mason	University	
284	Research	Hall,	Mail	Stop	6C5	
4400	University	Drive	
Fairfax,	VA	22030	USA		
Phone:	301-595-7000;	Fax:	301-595-9793	

	
	
Contributing	Scientists:		
	

1. Paul	Dirmeyer	
2. Zhichang	Guo	
3. Subhadeep	Halder	

	
	
Period	of	Performance:		
	

17	February	2014	–	5	December	2014	 	



 2 

TABLE	OF	CONTENTS	
	

	

1.	Preface	………………………………………………	 	 		3	

2.	Introduction	……………………………………....	 	 		3	

3.	Background	……………………………………….	 	 		4	

	 3.1	Motivation	…………………..………..	 	 		4	

	 3.2	Methods	…………………….…………	 	 		5	

	 3.3	Consistency	of	initial	states	.......	 	 		5	

	 3.4	Cross-model	consistency	……….	 	 		6	

	 3.5	Multi-model	initialization	………	 	 		8	

4.	Work	Performed	…………………………………	 	 		8	

	 4.1	Accomplishments	………………….	 	 		8	

	 4.2	Deliverables	………………………….	 	 		9	

	 4.3	LSM	Workshop	……………………...	 	 10	

5.	References	………………………………………….	 	 11	

	

	

	 	



 3 

1. Preface	

The	Center	for	Ocean-Land-Atmosphere	Studies	(COLA),	a	national	center	of	excellence	for	
research	on	climate	variability	and	predictability	based	at	George	Mason	University,	seeks	
to	 improve	understanding	 and	prediction	 of	 the	 variations	 of	 the	Earth's	 climate	 through	
scientific	research	on	its	variability	and	predictability,	and	to	share	both	the	results	of,	and	
the	tools	necessary	to	conduct,	this	research	with	society	as	a	whole.		
	
The	goal	of	COLA	research	 is	 to	explore,	establish	and	quantify	 the	predictability	of	 intra-
seasonal	to	inter-decadal	variability	of	the	present	climate	through	the	use	of	state-of-the-
art	dynamical	coupled	ocean-atmosphere	general	circulation	models	and	the	development	
of	new	techniques	for	analysis	of	observational	and	model	data.	COLA	continues	 its	multi-
decade	service	as	a	unique	institution	that	enables	Earth	scientists	from	several	disciplines	
to	 work	 closely	 together	 on	 interdisciplinary	 basic	 and	 applied	 research	 related	 to	
variability	 and	 predictability	 of	 Earth's	 climate	 on	 intra-seasonal	 to	 inter-decadal	 time	
scales.	The	main	scientific	premise	for	research	at	COLA	is	that,	while	the	chaotic	nature	of	
the	global	atmosphere	 imposes	a	 limit	on	climate	predictability	at	a	given	instant,	 there	 is	
predictability	on	longer	time	scales	due	to	low-frequency	fluctuations	and	the	interactions	
between	 atmosphere	 and	 ocean	 and	 atmosphere	 and	 land.	 This	makes	 possible	 accurate	
and	useful	climate	forecasts	with	lead	times	longer	than	the	inherent	limit	of	instantaneous	
deterministic	predictability.		
	
Scientists	at	COLA	use	computer	models	of	the	Earth’s	global	atmosphere,	world	oceans	and	
land	 surface	 in	 numerical	 predictability	 experiments	 and	 experimental	 predictions,	 and	
they	develop	and	use	advanced	techniques	for	analysis	of	observational	and	model	data.	By	
seeking	to	always	use	a	suite	of	the	best	available	climate	models,	COLA	scientists	remain	at	
the	 forefront	 of	 research	 advancements.	 Close	 coordination	 of	 the	 predictability	 research	
and	experimental	predictions	is	a	high	priority.		
	
This	report	describes	work	done	in	collaboration	with	the	Korea	Institute	For	Atmospheric	
Prediction	 Systems	 (KIAPS)	 that	 was	 initiated	 in	 2012	 to	 develop	 a	 more	 robust	 and	
accurate	weather	and	climate	prediction	system.		
	

2.	Introduction	
	
There	 is	 by	 now,	 after	 more	 than	 60	 years	 of	 research	 and	 demonstrated	 achievement,	
ample	 evidence	 that	 numerical	 models	 of	 the	 global	 atmosphere	 are	 the	 best	 tools	 for	
making	accurate	weather	forecasts	(e.g.	Warner	2010).		
	
The	 importance	 of	 land	 surface	 variability	 in	 modulating	 and	 contributing	 to	 climate	
predictability	on	weather,	intra-seasonal	and	longer	time	scales	has	long	been	recognized.		
Based	on	these	two	well-established	facts,	COLA	and	KIAPS	are	collaborating	to	produce	a	
world-class	 numerical	 weather	 prediction	 (NWP)	 system	 that	 accurately	 represents	 the	
contribution	to	predictability	of	the	land	surface.		
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3.	Background	
	

3.1	Motivation	for	including	a	LSM	component	in	NWP	
	
Originally,	 NWP	 was	 done	 using	 models	 of	 the	 atmosphere	 only.	 The	 land	 surface	 was	
represented	either	as	a	fixed	boundary	condition	or	with	a	very	simple	scheme	for	keeping	
track	of	water	fluxes	between	the	atmosphere	and	land	surface,	but	that	has	evolved	to	the	
inclusion	 of	 quite	 sophisticated	 land	 surface	models	 in	 today’s	NWP	 systems	 (e.g.	 Pitman	
2003;	 Ek	 et	 al.	 2003).	 This	 has	 in	 part	 resulted	 from	 the	 recognition	 of	 the	 role	 that	 soil	
moisture	 anomalies	 play	 in	 enhancing	 predictability,	which	 has	 been	 the	 focus	 of	 a	 great	
many	numerical	experiments	that	COLA	has	helped	lead	(Shukla	and	Mintz,	1982;	Dirmeyer	
et	 al.	 2009),	 including	 the	 multi-model	 Global	 Land-Atmosphere	 Circulation	 Experiment	
(GLACE;	 Koster	 et	 al.	 2006)	 that	 evaluated	 the	 sensitivity	 of	 climate	 to	 soil	 moisture	
anomalies,	 and	 the	 second	 generation	 of	 GLACE	 (GLACE-2;	 Koster	 et	 al.	 2010)	 that	
examined	the	impact	of	antecedent	soil	moisture	anomalies	on	climate	prediction	skill.		
Based	 on	 the	 hypothesis	 that	 the	 land	 surface	 state,	 particularly	 the	 soil	 moisture	 and	
vegetation,	 has	 a	 large	 impact	 on	 the	weather,	 numerical	 weather	 forecasts,	 subseasonal	
and	seasonal	predictions	require	a	realistic	representation	of	the	interactions	between	the	
land	 surface	 and	 the	 atmosphere,	 and	 the	 state	 of	 the	 atmosphere	 and	 land	 must	 be	
initialized	from	the	most	realistic	conditions	at	the	start	of	the	forecasts	(Shukla	and	Kinter	
2006).	 	 This	 ensures	 a	 realistic	 evolution	 of	 the	 forecast	 from	 its	 start.	 	 Atmospheric	
initialization	is	an	old	problem	with	many	decades	in	the	development	of	data	assimilation	
and	 procedures	 to	 perturb	 initial	 states	 to	 produce	 ensemble	 forecasts	 that	 sample	 the	
likely	range	of	evolution	of	weather	and	shirt-term	climate.		Similar	treatments	for	the	land	
surface	are	relatively	new,	and	a	variety	of	methods	have	been	proposed	whose	strengths	
and	weaknesses	remain	to	be	evaluated.	
	
Results	 from	 the	 second	 phase	 of	 the	 Global	 Land-Atmosphere	 Coupling	 Experiment	
(GLACE-2;	Koster	et	al.	2010,	2011)	quantified,	with	a	suite	of	long-range	forecast	systems,	
the	 degree	 to	 which	 realistic	 land	 surface	 initialization	 contributes	 to	 the	 skill	 of	
subseasonal	 precipitation	 and	 air	 temperature	 forecasts.	 	 Significant	 contributions	 to	
temperature	 prediction	 skill	 out	 to	 two	months	 were	 found	 across	 large	 portions	 of	 the	
North	American	continent,	 as	well	 as	other	parts	of	 the	globe.	For	precipitation	 forecasts,	
contributions	to	skill	are	weaker	but	are	still	significant	out	to	45	days	in	some	locations.		
The	 GLACE-2	 models	 show	 modest	 but	 significant	 skill	 especially	 where	 the	 rain	 gauge	
network	 is	 dense	 (Koster	 et	 al.	 2011).	 Given	 that	 precipitation	 is	 the	 chief	 driver	 of	 soil	
moisture,	 and	 thereby	 assuming	 that	 rain	 gauge	 density	 is	 a	 reasonable	 proxy	 for	 the	
adequacy	 of	 the	 observational	 network	 contributing	 to	 soil	 moisture	 initialization,	 this	
result	 indeed	highlights	the	potential	contribution	of	enhanced	observations	to	prediction.	
Land-derived	precipitation	forecast	skill	is	much	weaker	than	that	for	air	temperature.	The	
skill	 for	 predicting	 air	 temperature,	 and	 to	 some	 extent	 precipitation,	 increases	with	 the	
magnitude	of	the	initial	soil	moisture	anomaly.		
	
Skill	 improvements	 for	 surface	 air	 temperature	 forecasts	 are	 tied	 to	 the	 sensitivity	 of	
surface	fluxes	to	soil	moisture,	which	are	optimum	in	a	middle	range	between	wet	and	very	
dry	 conditions.	 	 Thus,	 humid	 regions	 have	 more	 predictability	 and	 skill	 realized	 during	
relatively	 dry	 conditions	 for	 the	 area,	 while	 arid	 regions	 experience	 more	 skill	 when	
conditions	are	wetter	than	normal.	
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Another	factor	that	can	be	exploited	to	improve	forecasts	during	spring	in	mid-latitudes	is	
an	apparent	rebound	in	predictability	from	soil	moisture	states	(Guo	et	al.	2011,	2012).		The	
sensitivity	 of	 forecasts	 to	 the	 initial	 soil	moisture	 state	 emerges	 over	much	 of	 the	United	
States	 in	 late	 May,	 with	 realistic	 land	 initialization	 leading	 to	 much	 more	 predictability.		
Predictability	 is	 stored	 in	 the	soil	moisture	states,	and	 is	 released	 to	 the	atmosphere	only	
after	the	coupling	between	the	two	has	been	established,	late	in	spring.			
	
Recent	 assessment	 of	 the	 operational	 forecast	 model	 from	 the	 U.S.	 National	 Centers	 for	
Environmental	Prediction	(NCEP)	shows	that	forecast	skill	for	precipitation	on	subseasonal	
time	scales,	including	the	deterministic	range	for	weather	forecasts	(the	first	7	days	of	the	
forecasts),	 is	 also	 sensitive	 to	 the	 initial	 soil	 moisture	 state	 (Dirmeyer	 2013).	 	 There	 is	
considerably	more	skill	over	much	of	the	globe	when	the	initial	soil	moisture	state	is	in	the	
wettest	or	driest	fifth	of	its	range	than	for	all	forecasts	taken	as	a	whole.		There	is	a	strong	
ling	between	extreme	soil	moisture	states	and	subsequent	precipitation.	
	

3.2 Land	surface	model	parameters	from	native	high-resolution	datasets	

Land	surface	 simulations	need	ancillary	 land	surface	parameters	 such	as	vegetation	class,	
soil	 texture,	 and	 green	 vegetation	 fraction.	 As	 ancillary	 files	 are	 based	 on	 various	 data	
sources	 with	 different	 land-sea	 masks	 and	 resolution,	 it	 is	 not	 adequate	 simply	 to	
interpolate	 the	 existing	 ancillary	 parameters	 provided	 in	 the	 modeling	 system	 from	 one	
resolution	to	another.	Instead,	ancillary	land	surface	parameters	on	any	desired	resolution	
should	 be	 externally	 generated	 directly	 from	 the	 original	 high-resolution	 data	 sources	
through	 appropriate	 regridding	 procedures.	 Regridding,	 also	 called	 remapping	 or	
interpolation,	is	the	process	of	changing	the	grid	that	underlies	data	values	while	preserving	
qualities	of	the	original	data.		
	
The	 cubed-sphere	 mesh	 of	 the	 KIAPS	 global	 weather	 forecast	 model	 does	 not	 contain	
evenly-spaced	 latitude/longitude	 grid	 boxes.	 	 Instead,	 a	 conformal	mesh	with	 eight	 poles	
and	 six	 faces	 each	 composed	of	 a	 locally	orthogonal	 grid	 is	used.	 	This	has	 the	advantage	
that	 the	 areas	 of	 grid	 boxes	 are	 relatively	 uniform	 across	 the	 entire	 globe,	 unlike	
latitude/longitude	grids	where	areas	decrease	toward	the	north	and	south	poles	due	to	the	
convergence	of	meridians.	
	
However,	most	 land	 surface	 data	 sets	 that	 contain	 information	 needed	 to	 set	 parameters	
and	boundary	conditions	for	land	surface	models	are	on	regular	or	projected	grids	at	much	
higher	resolution	than	global	weather	and	climate	models.		For	continuous	data	fields	away	
from	 water	 bodies,	 interpolation	 is	 straightforward	 provided	 each	 grid	 is	 properly	
georeferenced.	 	 Correspondence	 between	 coastlines	 (land	 versus	 ocean/water/ice	 grid	
boxes)	is	not	exact	between	different	gridded	data	sets	or	the	target	model	grid,	requiring	
careful	and	intelligent	adjustments	and	extrapolation	of	data.		Furthermore,	some	data	is	in	
the	 form	 of	 discrete	 categories,	 such	 as	 vegetation	 types	 or	 soil	 classes,	 represented	 as	
integers.	 	These	cannot	be	 interpolated	but	must	be	aggregated	and	remapped.	 	For	all	of	
these	reasons,	the	regridding	process	for	the	KIAPS	model	 is	more	complicated	than	basic	
interpolation.	
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Regridding	 from	 high	 to	 lower	
resolution	 necessarily	 loses	
information.	 	 Figure	 1	 gives	 an	
example	 of	 regridding	 of	 the	
modified	 IGBP	 MODIS	
vegetation	type	to	the	GLDAS	1°	
grid	 from	 the	 original	 30-
second	 resolution.	 	 The	
dominant	 land	 cover	 type	 is	
preserved	 in	 the	 regridding	
procedure.	 	 It	 is	 evident	 that	
any	 time	 data	 are	 needed	 on	 a	
lower	 resolution,	 regridding	
should	 start	 from	 the	 highest	
resolution	 with	 the	 greatest	
information	content.	
	
	
	
	
	
	
	
	
	
	

4. Work	Performed	

4.1	Accomplishments	
	
The	following	tasks	were	accomplished	in	the	course	of	this	project.		
	
• Codes	suitable	for	using	high-resolution	data	sets	of	land	surface	properties	in	the	KIAPS	
NWP	system	have	been	prepared	–	the	interpolation	processes	are	described	below.		

• Sample	 data	 sets	 on	 the	 NWP	model	 grids	 (1-degree	 grid	 and	 25-km	 grid)	 have	 been	
generated	

• Original	high-resolution	land	surface	datasets	have	been	generated	
• The	code	has	been	subjected	to	a	number	of	basic	tests	
• Documentation	of	the	code	and	its	usage	has	been	prepared	(see	below)	

Interpolation	Processes	for	KIAPS	Project	
	
The	cubed	sphere	grids	of	the	KIAPS	model	consists	of	quadrilateral	and	pentagon	cells.	The	
regular	longitude/latitude	grid	can	be	regarded	as	a	special	case	of	the	cubed	sphere	grid.	
Thus,	we	assume	the	interpolation	is	a	mapping	process	from	one	cubed	sphere	grid	to	
another.	Our	interpolation	scheme	mainly	focuses	on	calculating	fractional	areas	of	each	
grid	cell	in	the	target	mesh	grid	covered	by	grid	cells	in	the	source	mesh	grid,	and	uses	the	
fractions	as	weights	for	the	interpolation.	The	program	regrid_mesh2mesh_info.f90	deals	
with	calculating	the	fractions	and	weights,	and	the	program	regrid_mesh2mesh_data.f90	
provides	a	sample	code	of	interpolation	with	the	weights.	For	each	grid	cell	in	the	target	

Figure	1		Comparison of the modified IGBP MODIS vegetation type 
between GLDAS 1-degree resolution and the raw 30-second resolution.	
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mesh	grid,	the	module	m_regrid_mesh.f90	finds	all	the	grid	cells	in	the	source	mesh	grid	
that	intersect	with	the	target	grid	cell,	and	calculates	the	overlapping	areas	and	the	
fractions.	The	program	regrid_mesh2mesh_info.f90	reads	in	the	metadata	information	for	
the	source	and	target	mesh	grids,	uses	the	module	m_regrid_mesh.f90	to	calculate	the	
weights,	and	outputs	all	the	parameters	for	the	interpolation.	Examples	of	the	regridding	
procedure	are	shown	below	for	vegetation	type	and	precipitation.		

	
	
	
4.2	Deliverables	
	

	Datasets	and	model	source	codes	have	been	developed	that	are	available	to	KIAPS	
researchers	in	the	COLA	computer	system	in	the	/project/kiaps/KIAPS_Fin/	directory	as	
follows:	
	

• NOAH	Model	Codes:	
		 	 /project/kiaps/KIAPS_Fin/NOAH/	
	

• Meteorological	Forcing	Data	for	Offline	Simulations:	
		 	 /project/kiaps/KIAPS_Fin/NE30NP4_FORCING	

• NE30NP4	Interpolation	Codes	and	Related	Datasets	
		 	 /project/kiaps/KIAPS_Fin/	

• Various	Datasets	for	High-Resolution	Fixed	Fields	
	/project/kiaps/KIAPS_Fin/Fixed/	
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Documentation	of	procedure:		
	

1. Generate	the	interpolation	parameters:	
a. use	"gmake"	to	generate	the	executable	code	regrid_mesh2mesh_info.bin	
b. use	"regrid_mesh2mesh_info.csh	GLDAS	NE30NP4"	to	generate	

interpolation	parameters	from	GLDAS	to	NE30NP4	mesh	grid	
c. use	"regrid_mesh2mesh_info.csh	NE30NP4	GLDAS"	to	generate	

interpolation	parameters	from	NE30NP4	mesh	grid	to	GLDAS	
d. use	"regrid_mesh2mesh_info.csh	CPC	NE30NP4"	to	generate	interpolation	

parameters	from	CPC	(720x360	0.5-degree	grid)	to	NE30NP4	mesh	grid	
e. use	"regrid_mesh2mesh_info.csh	NE30NP4	CPC"	to	generate	interpolation	

parameters	from	NE30NP4	mesh	grid	to	CPC	(720x360	0.5-degree	grid)	
2. Interpolate	the	integer	(for	example	soil	type)	or	float	(for	example	precipitation)	

data	from	one	source	mesh	(or	global	gridded	grid)	to	NE30NP4,	then	interpolate	it	
back	to	the	source	mesh	grid	from	NE30NP4	

a. use	"run	regrid_mesh2mesh_data"	to	generate	the	executable	code	
regrid_mesh2mesh_data.exe	

b. use	"regrid_mesh2mesh_vtyp.csh	CPC	NE30NP4"	to	interpolate	the	IGBP	
vegetation	type	from	0.5	x	0.5	degree	resolution	to	NE30NP4	mesh	grid	

c. use	"regrid_mesh2mesh_vtyp.csh	NE30NP4	CPC"	to	interpolate	the	
vegetation	type	back	to	the	0.5	x	0.5	degree	resolution	from	NE30NP4	mesh	
grid	

d. use	"regrid_mesh2mesh_data.csh	CPC	NE30NP4"	to	interpolate	the	CPC	
precipitation	from	0.5	x	0.5	degree	resolution	to	NE30NP4	mesh	grid	

e. use	"regrid_mesh2mesh_data.csh	NE30NP4	CPC"	to	interpolate	the	
precipitation	back	to	the	CPC	0.5	x	0.5	degree	resolution	from	NE30NP4	
mesh	grid	

	
Data	sets:		
	

1. Meteorological	Forcing	Data	for	NE30NP4:	
c. Frequency:	Three	Hourly	
d. Periods:			1948-2010	
e. Variables:	Downward	Long-wave	Radiation(dlwrf),	Downward	short-wave	

Radiation(dswrf),	Precipitation	(prcp),	Surface	Pressure	(pres),	Specific	
Humidity	(shum),	Near-Surface	Air	Temperature	(tas),	Wind	Speed	(wind)	

2. Modified	IGBP/MODIS	Vegetation	Type:	
f. half-minute	resolution:	igbp.ctl,	rd_igbp_0.5m.f90	can	be	used	to	read	the	

dataset	
g. 0.15-degree	resolution:	igbp_veg_0.15.ctl	
h. half-degree	resolution:	igbp_veg_0.5x0.5.ctl	
i. NE30NP4:	NE30NP4_Vegetation_Class_IGBP.nc	

3. USGS	Vegetation	Type	
a. half-minute	resolution:	veg30susgs,	rd_usgs_0.5m.f90	can	be	used	to	read	

the	dataset	
b. 0.15-degree	resolution:	usgs_veg_0.15.ctl	
c. NE30NP4:	NE30NP4_Vegetation_Class_USGS.nc	
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4. STATSGO	Soil	Texture:	
a. half-minute	resolution:	topsoil30snew.ctl,	rd_stat_0.5m.f90	can	be	used	to	

read	the	dataset	
b. 0.15-degree	resolution:	stat_soiltyp_0.15.ctl	
c. NE30NP4:	NE30NP4_Soil_Texture_STAS.nc	

5. Monthly	Albedo	
a. 0.144-degree	resolution:	albedo0.144.ctl	
b. NE30NP4:	NE30NP4_Albedo.nc	

6. Monthly	Green	Fraction	
a. 0.144-degree	resolution:	gfrac0.144.ctl	
b. NE30NP4:	NE30NP4_GreenFrac.nc	

7. Deep	Soil	Temperature	
a. 1.0-degree	resolution:	tbot_360x180.ctl	
b. NE30NP4:	NE30NP4_Tbot.nc	

8. Fixed	Fields	for	Running	NOAH	Model	at	NE30NP4	Grids	
a. NOAH_NE30NP4_FIXED.nc	

	
	 	



 10 

	

5. References	

Chen,	F.,	K.	Mitchell,	J.	Schaake,	Y.	Xue,	H.	Pan,	V.	Koren,	Y.	Duan,	M.	Ek,	and	A.	Betts,	1996:	
Modeling	 of	 land-surface	 evaporation	 by	 four	 schemes	 and	 comparison	 with	 FIFE	
observations.	J.	Geophys.	Res.,	101,	7251-7268.	

Chen,	F.,	Z.	Janjic,	K.	Mitchell,	1997:	Impact	of	atmospheric	surface	layer	parameterization	in	
the	new	land-surface	scheme	of	the	NCEP	Mesoscale	Eta	numerical	model.	Bound.-Layer	
Meteor.,	185,	391-421.	

Chen,	F.	and	J.	Dudhia,	2001:	Coupling	an	Advanced	Land	Surface-Hydrology	Model	with	the	
Penn	State-NCAR	MM5	Modeling	System.	Part	I:	Model	Implementation	and	Sensitivity.	
Mon.	Wea.	Rev.,	129,	569-585.	

Dai,	Y.,	X.	Zeng,	R.	E.	Dickinson,	I.	Baker,	G.	Bonan,	M.	Bosilovich,	S.	Denning,	P.	Dirmeyer,	P.	
Houser,	G.	Niu,	K.	Oleson,	C.	A.	Schlosser,	and	Z.-L.	Yang,	2003:	The	common	land	model	
(CLM).	Bull.	Amer.	Meteor.	Soc.,	84,	1013-1023.	

Dirmeyer,	 P.	 A.,	 and	 F.	 J.	 Zeng,	 1997:	 A	 two-dimensional	 implementation	 of	 the	 Simple	
Biosphere	(SiB)	model.	COLA	Technical	Report	48	[Available	from	the	Center	for	Ocean-
Land-Atmosphere	 Studies,	 4041	 Powder	 Mill	 Road,	 Suite	 302,	 Calverton,	 MD	 20705	
USA],	30	pp.	

Dirmeyer,	 P.	 A.,	 and	 F.	 J.	 Zeng,	 1999:	 An	 update	 to	 the	 distribution	 and	 treatment	 of	
vegetation	 and	 soil	 properties	 in	 SSiB.	 COLA	Technical	 Report	 78	 [Available	 from	 the	
Center	 for	 Ocean-Land-Atmosphere	 Studies,	 4041	 Powder	 Mill	 Road,	 Suite	 302,	
Calverton,	MD	20705	USA],	25	pp.	

Dirmeyer,	P.A.,	X.	Gao,	M.	Zhao,	Z.	Guo,	T.	Oki	and	N.	Hanasaki,	2006:	The	Second	Global	Soil	
Wetness	Project	(GSWP-2):	Multi-model	analysis	and	implications	for	our	perception	of	
the	land	surface.		Bull.	Amer.	Meteor.	Soc.,	87,	1381-1397.	

Dirmeyer,	P.	A.,	C.	A.	Schlosser,	and	K.	L.	Brubaker,	2009b:	Precipitation,	recycling	and	land	
memory:	An	integrated	analysis.	J.	Hydrometeor.,	10,	278–288.	

Dirmeyer,	P.	A.,	2013:	Characteristics	of	 the	water	cycle	and	land-atmosphere	 interactions	
in	CFSv2.	Climate	Dyn.,	(submitted).	

Dorman,	 J.	L.,	and	P.	 J.	Sellers,	1989:	A	global	climatology	of	albedo,	 roughness	 length	and	
stomatal	 resistance	 for	 atmospheric	 general	 circulation	models	 as	 represented	 by	 the	
simple	biosphere	model	(SiB).	J.	Appl.	Meteor.,	28,	834-855.	

Fennessy,	M.	J.,	and	Y.	Xue,	1997:	Impact	of	USGS	vegetation	map	on	GCM	simulations	over	
the	United	States.	Ecol.	Appl.,	7,	22-33.	

Ek,	M.	B.,	K.	E.	Mitchell,	Y.	Lin,	E.	Rogers,	P.	Grunmann,	V.	Koren,	G.	Gayno,	and	J.	D.	Tarpley,	
2003:	 Implementation	 of	 Noah	 land	 surface	 model	 advancements	 in	 the	 National	
Centers	for	Environmental	Prediction	operational	mesoscale	Eta	model,	J.	Geophys.	Res.,	
108(D22),	8851,	doi:10.1029/2002JD003296.	

Guo,	 Z.-C.,	 P.	 A.	 Dirmeyer,	 R.	 D.	 Koster,	 G.	 Bonan,	 E.	 Chan,	 P.	 Cox,	H.	 Davies,	 T.	 Gordon,	 S.	
Kanae,	E.	Kowalczyk,	D.	Lawrence,	P.	Liu,	S.	Lu,	S.	Malyshev,	B.	McAvaney,	K.	Mitchell,	T.	
Oki,	K.	Oleson,	A.	Pitman,	Y.	Sud,	C.	Taylor,	D.	Verseghy,	R.	Vasic,	Y.	Xue,	and	T.	Yamada,	
2006b:	 GLACE:	 The	 Global	 Land-Atmosphere	 Coupling	 Experiment.	 2.	 Analysis.	 J.	
Hydrometeor.	7,	611-625.	



 11 

Guo,	 Z.,	 P.	 A.	 Dirmeyer,	 and	 T.	 DelSole,	 2011:	 Land	 surface	 impacts	 on	 subseasonal	 and	
seasonal	predictability.	Geophys.	Res.	Lett.,	38,	L24812,	doi:10.1029/2011GL049945.	

Guo,	 Z.,	 P.	 A.	 Dirmeyer,	 and	 T.	 DelSole,	 and	 R.	 D.	 Koster,	 2012:	 Rebound	 in	 atmospheric	
predictability	 and	 the	 role	 of	 the	 land	 surface.	 J.	 Climate,	 25,	 4744-4749,	 doi:	
10.1175/JCLI-D-11-00651.1.	

Koren,	 V.,	 J.	 Schaake,	 K.	 Mitchell,	 Q.-Y.	 Duan,	 and	 F.	 Chen,	 1999:	 A	 parameterization	 of	
snowpack	 and	 frozen	 ground	 intended	 for	 NCEP	 weather	 and	 climate	 models.	 J.	
Geophys.	Res.,	104,	19569-19585.		

Koster,	 R.D.,	 and	 P.C.D.	 Milly,	 1997:	 The	 interplay	 between	 transpiration	 and	 runoff	
formulations	 in	 land	 surface	 schemes	 used	 with	 atmospheric	 models.	 J.	 Climate,	 10,	
1578-1591.	

Koster,	R.	D.,	Z.	Guo,	R.	Yang,	P.	A.	Dirmeyer,	K.	Mitchell,	and	M.	J.	Puma,	2009:	On	the	nature	
of	soil	moisture	in	land	surface	models.	J.	Climate,	22,	4322–4335.	

Koster,	R.	D.,	 S.	Mahanama,	T.	 J.	Yamada,	G.	Balsamo,	M.	Boisserie,	P.	Dirmeyer,	F.	Doblas-
Reyes,	 C.	 T.	 Gordon,	 Z.	 Guo,	 J.-H.	 Jeong,	 D.	 Lawrence,	 Z.	 Li,	 L.	 Luo,	 S.	 Malyshev,	 W.	
Merryfield,	 S.	 I.	 Seneviratne,	 T.	 Stanelle,	 B.	 van	 den	 Hurk,	 Frederic	 Vitart,	 and	 Eric	 F.	
Wood,	 2010:	 Contribution	 of	 land	 surface	 initialization	 to	 subseasonal	 forecast	 skill:	
First	 results	 from	 a	 multi-model	 experiment.	 Geophys.	 Res.	 Lett.,	 37,	 L02402,	
doi:10.1029/2009GL041677.	

Koster,	 R.	 D.,	 S.	 P.	 P.	 Mahanama,	 T.	 J.	 Yamada,	 G.	 Balsamo,	 A.	 A.	 Berg,	 M.	 Boisserie,	 P.	 A.	
Dirmeyer,	F.	J.	Doblas-Reyes,	G.	Drewitt,	C.	T.	Gordon,	Z.	Guo,	J.-H.	Jeong,	W.-S.	Lee,	Z.	Li,	
L.	Luo,	S.	Malyshev,	W.	J.	Merryfield,	S.	I.	Seneviratne,	T.	Stanelle,	B.	J.	J.	M.	van	den	Hurk,	
F.	 Vitart,	 and	 E.	 F.	 Wood,	 2011:	 The	 second	 phase	 of	 the	 Global	 Land-Atmosphere	
Coupling	 Experiment:	 Soil	 moisture	 contributions	 to	 subseasonal	 forecast	 skill.	 	 J.	
Hydrometeor.,	12,	805–822,	doi:	10.1175/2011JHM1365.1.	

Kumar,	 S.	 V.,	 C.	 D.	 Peters-Lidard,	 Y.	 Tian,	 P.	 R.	 Houser,	 J.	 Geiger,	 S.	 Olden,	 L.	 Lighty,	 J.	 L.	
Eastman,	B.	Doty,	P.	Dirmeyer,	 J.	Adams,	K.	Mitchell,	E.	F.	Wood	and	 J.	 Sheffield,	2006:	
Land	 Information	 System	 -	 An	 Interoperable	 Framework	 for	 High	 Resolution	 Land	
Surface	Modeling.		Environmental	Modelling	&	Software,	21,	1402-1415.	

Lawrence,	 D.M.,	 K.W.	 Oleson,	M.G.	 Flanner,	 P.E.	 Thornton,	 S.C.	 Swenson,	 P.J.	 Lawrence,	 X.	
Zeng,	 Z.-L.	 Yang,	 S.	 Levis,	 K.	 Sakaguchi,	 G.B.	 Bonan,	 and	 A.G.	 Slater,	 2011:	
Parameterization	improvements	and	functional	and	structural	advances	in	version	4	of	
the	Community	Land	Model.	J.	Adv.	Model.	Earth	Sys.,	3,	DOI:	10.1029/2011MS000045.	

Misra,	 V.,	 P.	 A.	 Dirmeyer,	 B.	 P.	 Kirtman,	 2002:	 A	 comparative	 study	 of	 two	 land	 surface	
schemes	 in	 regional	 climate	 integrations	 over	 South	 America.	 	 J.	 Geophys.	 Res.,	 	 107,	
8080,	doi:10.1029/2001JD001284.	

Oleson,	K.W.,	D.M.	Lawrence,	G.B.	Bonan,	M.G.	Flanner,	E.	Kluzek,	P.J.	Lawrence,	S.	Levis,	S.C.	
Swenson,	 P.E.	 Thornton,	 A.	 Dai,	 M.	 Decker,	 R.	 Dickinson,	 J.	 Feddema,	 C.L.	 Heald,	 F.	
Hoffman,	 J.-F.	 Lamarque,	 N.	Mahowald,	 G.-Y.	 Niu,	 T.	 Qian,	 J.	 Randerson,	 S.	 Running,	 K.	
Sakaguchi,	 A.	 Slater,	 R.	 Stockli,	 A.	 Wang,	 Z.-L.	 Yang,	 Xi.	 Zeng,	 and	 Xu.	 Zeng,	 2010:	
Technical	 Description	 of	 version	 4.0	 of	 the	 Community	 Land	 Model	 (CLM).	 NCAR	
Technical	Note	NCAR/TN-478+STR,	National	Center	for	Atmospheric	Research,	Boulder,	
CO,	257	pp.	



 12 

Rodell,	 M.,	 P.	 R.	 Houser,	 U.	 Jambor,	 J.	 Gottschalck,	 K.	 Mitchell,	 C.-J.	 Meng,	 K.	 Arsenault,	 B.	
Cosgrove,	J.	Radakovich,	M.	Bosilovich,	J.	K.	Entin,	J.	P.	Walker,	C.	Lohmann,	and	D.	Toll,	
2004:	The	global	land	data	assimilation	system.	Bull.	Amer.	Meteor.	Soc.,	85,	381-394.	

Sato,	N.,	P.	J.	Sellers,	D.	A.	Randall,	E.	K.	Schneider,	J.	Shukla,	J.	L.	Kinter	III,	Y.-T.	Hou,	and	E.	
Albertazzi,	 1989:	 Effects	 of	 implementing	 the	 Simple	 Biosphere	 model	 in	 a	 general	
circulation	model.	J.	Atmos.	Sci.,	46,	2757-2782.	

Sellers,	P.	J.,	and	J.	L.	Dorman,	1987:	Testing	the	Simple	Biosphere	model	(SiB)	using	point	
micrometeorological	and	biophysical	data.	J.	Climate	Appl.	Meteor.,	26,	622-651.	

Sellers,	P.	J.,	Y.	Mintz,	Y.	C.	Sud,	and	A.	Dalcher,	1986:	A	simple	biosphere	model	(SiB)	for	use	
within	general	circulation	models.	J.	Atmos.	Sci.,	43,	505-531.	

Shukla,	 J.	 and	 J.	 L.	 Kinter	 III,	 2006:	 Predictability	 of	 seasonal	 climate	 variations:	 A	
pedagogical	review.	In	Predictability	of	Weather	and	Climate,	T.	Palmer	and	R.	Hagedorn,	
eds.	(Cambridge	University	Press,	Cambridge,	UK,	702	pp.),	306-341.	

Shukla,	 J.	 and	 Y.	 Mintz,	 1982:	 	 The	 influence	 of	 land-surface	 evapotranspiration	 on	 the	
earth's	climate.		Science,	214,	1498-1501.	

Xue,	Y.,	P.	J.	Sellers,	J.L.	Kinter	III	and	J.	Shukla,	1991:	A	simplified	biosphere	model	for	global	
climate	studies.		J.	Climate,	4,	345-364.	

Xue,	 Y.,	 M.	 J.	 Fennessy,	 and	 P.	 J.	 Sellers,	 1996:	 Impact	 of	 vegetation	 properties	 on	 U.S.	
summer	weather	prediction.	J.	Geophys.	Res.,	101,	7419-7430.	

	


