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1 Description

The NUOPC Layer is an add-on to the standard ESMF libranprisists of generic code of two different kindgility
routinesandgeneric component3he NUOPC Layer further implements a dictionary for staddield metadata.

The utility routines are subroutines and functions thakpge frequently used calling sequences of ESMF methods
into single calls. Unlike the pure ESMF API, which is verysdacentric, the utility routines of the NUOPC Layer
often implement tasks that involve several ESMF classes.

The generic components are provided in form of Fortran mesltiat implement GridComp and CplComp specific
methods. Generic components are useful when implementif@®C compliant driver, model, mediator, or connector
components. The provided generic components form a hlgrahat allows the developer to pick and choose the
appropriate level of specification for a certain applicatidDepending on how specific the chosen level, generic
components require more or less specialization to resfiltiypimplemented components.

2 Design and Implementation Notes

The NUOPC Layer is implemented in Fortran on top of the pubidF Fortran API.

The NUOPC utility routines form a very straight forward Fart API, accessible through tihNJOPC Fortran module.
The interfaces only use native Fortran types and public E8ktved types. In order to access the utility API of the
NUOPC Layer, user code must include the following e lines:

use ESMF
use NUOPC

2.1 Generic Components

The NUOPC generic components are implementedcadi@ctionof Fortran modules. Each module implements a sin-
gle, well specified set of standalgSM-_Gr i dConp or ESM-_Cpl Conp methods. The nomenclature of the generic
component modules starts with theJOPC _ prefix and continues with the flavobr i ver, Model , Medi at or,

or Connect or . This is optionally followed by a string of additional deiptive terms. The four flavors of generic
components implemented by the NUOPC Layer are:

e NUOPC Driver - A generic driver component. It implements a child compdriearness, made of State
and Component objects, that follows the NUOPC Common Modehiecture. It is specialized by plugging
Model , Medi at or, andConnect or components into the harnesBr i ver components can be plugged
into the harness to construct component hierarchies. ThergeDr i ver initializes its child components
according to a standard Initialization Phase Definitiom drives their Run() methods according a customizable
run sequence.

e NUOPC Model - A generic model component that wraps a model code so it talgdaito be plugged into a
genericDr i ver component.

e NUOPC Medi at or - A generic mediator component that wraps custom couplimg ¢flux calculations, av-
eraging, etc.) so it is suitable to be plugged into a geraricver component.

e NUOPC _Connect or - A generic component that implements Field matching basetietadata and executes
simple transforms (Regrid and Redist). It can be pluggedargeneri®r i ver component.



The user code accesses the desired generic component(&lbging ause line for each one. Each generic com-
ponent defines a small set of public names that are made latesitathe user code through thse statement. At a
minimum theSet Ser vi ces method is made public. Some generic components also definblig nternal state
type by the standard nanmhet er nal St at e. It is recommended that the following syntax is used wherssiag a
generic component (here with internal state):

use NUOPC Driver XYZ, only: &
Driver XYZ_SS => Set Servi ces, &
DriverXYZ IS => Internal State

A generic component is used by user code to implement a djizedaversion of the component. The user code
therefore also must implement a pubBet Ser vi ces routine. The first thing this routine must do is call into the
Set Ser vi ces routine provided by the generic component. It is through #tep that the specialized component
inheritsfrom the generic component.

There are three mechanisms through which user code sgesigieneric components.

1. The specializing user code must set entry points for stahdomponent methods not implemented by the
generic component. Methods (and phases) that need to bermapted are clearly documented in the generic
component description. The user code may further overwtdadard methods already implemented by the
generic component code. However, this should rarely bessacg and may indicate that there is a better
fitting generic component available. Finally, some genedmponents come with generic routines that are
suitable candidates for the standard component methotdggére that the specializing code registers them as
appropriate. Setting entry points for standard componethaods is done in thBet Ser vi ces routine right
after calling into the generiSet Ser vi ces method.

2. Some generic components require that specific methodgtaded to the component. If a generic component
uses specialization through attachable methods, thefgpmethod labels (i.e. the names by which these meth-
ods are registered) and the purpose of the method are c@elymented. In some cases attachable methods
are optional. This is clearly documented. Further, some&decomponents attach a default method to a label,
which then is used for all phases. This default can be oveemrivith a phase specific attachable method. At-
taching methods to the component should be done iS¢ieSer vi ces routine right after setting entry points
for the standard component methods.

3. Some generic components provide access to an intertakgpe. The documentation of a generic component
indicates which internal state members are used for sjtiain, and how they are expected to be set. Setting
internal state members often requires the availability tbeo pieces of information. It may happend in the
Set Ser vi ces routine, but more often inside a specialized standard gttiyt or an attachable method.

Components that inherit from a generic component may chimas@ly specialize certain aspects, leaving other aspects
unspecified. This allows a hierarchy of generic component&timplemented with a high degree of code re-use. The
variable level of specialization supports the very diffigruser needs. Figukg 1 depicts the inheritance structuheof
NUOPC Generic Components. There are two trees, one is rootEe8VF_ G i dConp, while the other is rooted in
ESMF_Cpl Conp.



NUOPC_Mbdel Base |

| NUCPC _Dr i ver At mCcn | | NUOPC _Dr i ver At mOocnMed

Figure 1: The NUOPC Generic Component inheritance stractlihe upper tree is rooted ESM~_Gr i dConp,
while the lower tree is rooted IBSM-_Cpl Conp. The ESMF data types are shown in green. The four main NUOPC
Generic Component flavors are shown in dark blue boxes. bigletboxes contain generic components that specialize
for common cases, while the yellow box shows a parent claggimheritance tree.

2.2 Field Dictionary

The NUOPC Layer uses standard metadata on Fields to guiddettision making that is implemented in generic
code. The generibllUOPC_Connect or component, for instance, uses tBieandar dNane Attribute to construct

a list of matching Fields between the import and export Stafehe NUOPC Field Dictionary provides a software
implementation of a controlled vocabulary for t&&andar dName Attribute. It also associates each registered
St andar dNane with canonicaluni t s, a default_.ongNane, and a defaulShor t Nane.

The NUOPC Layer provides a humber of default entries in tleddFDictionary, shown in the table below. The
St andar dNane Attribute of all default entries complies with the ClimatedaForecast (CF) conventions as docu-
mented at http://ct-pcmdi.linl.gcv/.

Currently it is typically that a user of the NUOPC Layer extenthe Field Dictionary by calling the
NUOPC_Fi el dDi cti onar yAddEnt ry() interface to add additional entries. It is our intention towg the num-
ber of default entries over time, and to more strongly legerthe NUOPC Field Dictionary to ensure meta data
interoperability between codes that use the NUOPC Layer.

Besides thést andar dName Attribute, the NUOPC Layer currently only uses tbei t s entry to verify that Fields
are given in their canonical units. The plan is to extend thisupport unit conversion in the future. The default
LongNane and defaultShor t Nanme associations are provided as a convenience to the implemehiNUOPC
compliant components; the NUOPC Layer itself does not bagelacisions on these two Attributes.

StandardName Units LongName ShortName
(canonical)| (default) (default)
| air_pressure_at_sea_level | Pa | Air Pressure at Sea Level | pmsl |



http://cf-pcmdi.llnl.gov/

magnitude_of surface_downward_stredRa Magnitude of Surface Downward Stresgaum
precipitation_flux kg m-2 s-1 | Precipitation Flux prcf
sea_surface_height_above sea level| m Sea Surface Height Above Sea Level | ssh
sea_surface_salinity le-3 Sea Surface Salinity SSS
sea_surface_temperature K Sea Surface Temperature sst
surface_eastward_sea_water_velocity m s-1 Surface Eastward Sea Water Velocity | sscu
surface_downward_eastward_stress | Pa Surface Downward Eastward Stress | tauu
surface_downward_heat_flux_in_air | Wm-2 Surface Downward Heat Flux in Air hfns
surface_downward_water_flux kg m-2 s-1 | Surface Downward Water Flux wfns
surface_downward_northward_stress | Pa Surface Downward Northward Stress | tauv
surface_net_downward_shortwave_fluxwW m-2 Surface Net Downward Shortwave Fluxrsns
surface_net_downward_longwave_flux W m-2 Surface Net Downward Longwave Fluxrins
surface_northward_sea_water_velocity m s-1 Surface Northward Sea Water Velocity sscv

2.3 Metadata

2.3.1 Model Component Metadata

The Model Component metadata is implemented as an ESMbityPackage:

e Convention: NUOPC
e Purpose: General

e Includes:

— CIM Model Component Simulation Description (see for exagrthe Component Attribute packajes sec-
tion in the ESMF v5.2.0rp2 documentation)

e Description: Model component description and nesting neta


http://www.earthsystemmodeling.org/esmf_releases/public/ESMF_5_2_0rp2/ESMF_refdoc/node6.html#SECTION06022100000000000000

| Name

Definition |

Controlled Vocabulary |

Ver bosity

InitializePhaseMap

Nest i ngGeneration
Nest | i ng

InitializeDataConplete

InitializeDataProgress

String value controlling the vert

bosity of INFO messages.

List of string values, mapping the IPDvXXpY=Z,

logical NUOPC initialize phases, g
a specific Initialize Phase Defin
tion (IPD) version, to the actug
ESMF initialize phase number urj
der which the entry point is regis
tered.

Integer value enumerating nestingd, 1, 2, ...

level.

Integer value enumerating sibling
within the same generation.
String value indicating whether a

initialize data dependencies have

been satisfied.
String value indicating whethe

progress is being made resolving

initialize data dependencies.

high, low

where

f XX = two-digit revision

-number, e.g. 01, Y 3

| logical NUOPC phase
-number, Z = actua

-ESMF phase number
withY,Z>0and Y, Z<
10

0,1,2, ..

| false, true

r false, true

2.3.2 Connector Component Metadata

The Connector Component metadata is implemented as an ESiibute Package:

e Convention: NUOPC
e Purpose: General

e Includes:

— ESG General (see for example the Component Attribute packsgction in the ESMF v5.2.0rp2 docu-

mentation)

e Description: Basic component description and connectietadata.

| Name

Definition |

Controlled Vocabulary |

Verbosity

InitializePhaseMap

Cpl Li st

String value controlling the ver
bosity of INFO messages.

List of string values, mapping th
logical NUOPC initialize phases, g
a specific Initialize Phase Defin
tion (IPD) version, to the actug
ESMF initialize phase number urj
der which the entry point is regis
tered.

List of StandardNames of the cor

- high, low

e IPDVXXpY=Z, where
f XX = two-digit revision
-number, e.g. 01, Y 3
I logical NUOPC phase
-number, Z = actua
-ESMF phase number
withY,Z>0and, Z<
10
n-N/A

nected Fields.



http://www.earthsystemmodeling.org/esmf_releases/public/ESMF_5_2_0rp2/ESMF_refdoc/node6.html#SECTION06022100000000000000

2.3.3 Field Metadata

The Field metadata is implemented as an ESMF Attribute Rpcka

e Convention: NUOPC
e Purpose: General
e Includes:

— ESG General

e Description: Basic Field description with connection aimokt stamp metadata.

| Name | Definition | Controlled Vocabulary |

Connect ed Connected status. false, true

Ti meSt anp Nine integer values representing\/A
ESMF Time object.

Pr oducer Connecti on String value indicating connectionopen, targeted, con-
details. nected

Consuner Connecti on String value indicating connectionopen, targeted, con-
details. nected

Updat ed String value indicating updated sta-false, true
tus during initialization.




2.4 Initialize Phase Definitions

The interaction between NUOPC compliant components dihiegdnitialization process is regulated by tindialize
Phase Definitionor IPD. The IPDs are versioned, with a higher version number inidigebackward compatibility
with all previous versions.

There are two perspectives of looking at the IPD. From theedmperspective the IPD regulates the sequence in
which it must call the different phases of the Initializegutines of its child components. To this end the generic
NUOPC Dr i ver componentimplements support for IPDs up to a version sgédifi the API documenation.

The other angle of looking at the IPD is from the driver's dnibmponents. From this perspective the IPD assigns
specific meaning to each initialize phase. The child comptmnef a driver can be divided into two groups with
respect to the meaning the IPD assigns to each initializeghin one group are the model, mediator, and driver
components, and in the other group are the connector compon€he following tables document the meaning of
each initialization phase for the two different child compat groups for the different IPD versions. The phases are
listed in the prescribed sequence used by the driver.

| IPDVOO label | Child Group | Meaning |

| PDv0Op1 model, mediator, driver Advertise the import and export Fields.

| PDv0Op1 connector Construct theCpl Li st Attribute on the
connector.

| PDv0Op2 model, mediator, driver Realize the import and export Fields.

| PDv0Op2 connector Set theConnect ed Attribute on each im-
port and export Field. Precompute the
RouteHandle.

| PDv0Op3 model, mediator, driver Check compatibility of the Fields
Connect ed status.

| PDv0Op4 model, mediator, driver Handle Field data initialization. Time
stamp the export Fields.

| IPDvO1 label Child Group | Meaning |

| PDv01pl model, mediator, driver Advertise the import and export Fields.

| PDv01p1 connector Construct theCpl Li st Attribute on the
connector.

| PDv01p2 model, mediator, driver unspecified

| PDv01p2 connector Set theConnect ed Attribute on each im-|
port and export Field.

| PDv01p3 model, mediator, driver Realize the import and export Fields.

| PDv01p3 connector Precompute the RouteHandle.

| PDv01p4 model, mediator, driver Check compatibility of the Fields
Connect ed status.

| PDv01p5 model, mediator, driver Handle Field data initialization. Time
stamp the export Fields.




| IPDVO2 label

Child Group

Meaning |

| PDv02pl model, mediator, driver Advertise the import and export Fields.

| PDv02p1 connector Construct theCpl Li st Attribute on the
connector.

| PDv02p2 model, mediator, driver unspecified

| PDv02p2 connector Set theConnect ed Attribute on each im-
port and export Field.

| PDv02p3 model, mediator, driver Realize the import and export Fields.

| PDv02p3 connector Precompute the RouteHandle.

| PDv02p4 model, mediator, driver Check compatibility of the Fields
Connect ed status.

| PDv02p5 model, mediator, driver Handle Field data initialization. Timesg

tamp the export Fields.

A loop is entered over a
unsatisfied data depend

Il those model, mediator, driver Congmts that use IPDv02 and have
encies, repeating the followingsteps:

Run()

connector

Loop over all Connectors that conneot
the Component thatis currently indexed
the outer loop.

I PDv02p5

model, mediator, driver

Handle Field data initialization. Timg
stamp the export Fields.

is detected.

Repeate these two steps until all data dependencies hanestaisfied, or a dead-lock situation

10



3 API

3.1 Generic Component: NUOPC_Driver

MODULE:

nodul e NUOPC Dri ver
DESCRIPTION:
Driver component that drives model and connector companertie default is to use explicit time stepping. Each

driver time step, the same sequence of model and connectgpareentsRun methods are called. The run sequence
is fully customizable.

SUPER:
ESMF_G'i dConp

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subroutine routine_Set Services(gconp, rc)
type( ESM-_Gri dComp) .. gconp
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)
— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 00 (see secti@nP.4 for a precise definitiont} e following mapping:
x |PDv0OOpl = phase 1: (RQUIRED, NUOPC RROVIDED)

e phase 1: (NUOPC RoVIDED, suitable for: IPDvO0p1)

— Allocate and initialize the internal state.

— If the internal clock is not yet set, set the default intertlatk to be a copy of the incoming clock, if the
incoming clock is valid.

— Required specializatioto set number of model componentspdel Count, in the internal state:
| abel _Set Mbdel Count .

— Allocate internal storage accordingriodel Count .

— Optional specializationto provide Model and Connectgret Li st members in the internal state:
| abel _Set Model Pet Li st .

— Create Model components with their import and export States
— Attach standard NUOPC Model Component metadata.

— Create Connector components.

— Attach standard NUOPC Connector Component metadata.

— Initialize the default run sequence.

11



— Required specializatioto set component servicesabel _Set Mbdel Servi ces.

x Call into SetServices() for all Model and Connector compuise
x Optionally replace the default clock.
x Optionally replace the default run sequence.

— Implement the initialize sequence for the child componetdsnpatible with up to IPD version 01, as
documented in sectidn2.4.

RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Ifthe incoming clock is valid, set the internal stop time ttedime step interval on the incoming clock.
— Time stepping loop, from current time to stop time, incretirenby time step.

— For each time step iteration, the Model and Connector compistRun() methods are being called accord-
ing to the run sequence.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)

Optional specializatiorto finalize driver component:abel _Fi nal i ze.
Execute all Connector components’ Finalize() methodsdeor

— Execute all Model components’ Finalize() methods in order.

Destroy all Model components and their import and expotesta
Destroy all Connector components.

Deallocate the run sequence.

Deallocate the internal state.

INTERNALSTATE:

| abel Internal State

type type_lInternal State

type(type_Internal StateStruct), pointer :: wap
end type
type type_Internal StateStruct
i nt eger ;. nodel Count
type(type_ PetList), pointer ;. nodel PetLists(:)
type(type_ PetList), pointer .. connectorPetlLists(:,:)
I--- private members --------- oo
type(ESM-_Gri dConp), pointer .. nodel Conp(:)
type(ESM-_State), poi nt er ;. nodel 1 S(:), nodel ES(:)
t ype( ESM-_Cpl Conp), pointer :: connectorConp(:,:)
t ype( NUOPC_RunSequence), pointer :: runSeq(:)! size may increase dynamc.
i nt eger ;. runPhaseToRunSeqMap(10)
t ype( ESM-_O ock) :: driverCock ! clock of the parent
end type
type type_PetLi st
i nteger, pointer :: petList(:) !lists that are set here transfer ownership
end type

12



3.2 Generic Component: NUOPC_DriverAtmOcn

MODULE:

nodul e NUOPC Dri ver At ncn
DESCRIPTION:
This is a specialization of thdUOPC _Dr i ver generic component, driving a coupled Atmosphere-Oceareindtie

default is to use explicit time stepping. Each driver timepsthe same sequence of Atmosphere, Ocean and connector
Run methods are called. The run sequence is fully customizableslses where explicit time stepping is not suitable.

SUPER:
NUOPC Dri ver

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subroutine routine_Set Services(gconp, rc)
type( ESM-_Gri dComp) ;1 gconp
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)
— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 00 (see secti@nP.4 for a precise definitiont} e following mapping:
x |PDv0OOpl = phase 1: (RQUIRED, NUOPC RROVIDED)

e phase 1: (NUOPC RoVIDED, suitable for: IPDvO0p1)

— Allocate and initialize the internal state.

— If the internal clock is not yet set, set the default interciatk to be a copy of the incoming clock, if the
incoming clock is valid.

— Set the number of model components to 2.
— Allocate internal storage accordingnodel Count = 2.

— Optional specializationto provide Model and Connectgret Li st members in the internal state:
| abel _Set Model Pet Li st .

— Createat mandocn Model components with their import and export States.

— Attach standard NUOPC Model Component metadata.

— Createat mRocn andocn2at mConnector components.

— Attach standard NUOPC Connector Component metadata.

— Initialize the default run sequence.

— Required specializatioto set component servicesabel _Set Mbdel Ser vi ces.

x Call into SetServices() for th&t m ocn, at nr2ocn, andocn2at mcomponents.
x Optionally replace the default clock.

13



x Optionally replace the default run sequence.
— Implement the initialize sequence for the child componecdsnpatible with up to IPD version 01, as

documented in sectidn2.4.

RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Ifthe incoming clock is valid, set the internal stop time ttedime step interval on the incoming clock.
— Time stepping loop, from current time to stop time, incretirenby time step.
— For each time step iteration, the Run() methodsafiom ocn, at n2ocn, andocn2at mare being called

according to the run sequence.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Optional specializatioro finalize driver component:abel _Fi nal i ze.

Execute Finalize() foat mandocn.

— Destroyat nRocn andocn2at m
Deallocate the run sequence.
Deallocate the internal state.

INTERNALSTATE:

| abel Internal State

type type_lInternal State
type(type_Internal StateStruct),
end type

type type_Internal StateStruct

i nteger, pointer

i nteger, pointer

type( ESM-_Gri dComp)

type( ESM-_Gri dComp)

type( ESM-_St at e)

type( ESM-_St at e)

i nteger, pointer

i nteger, pointer

t ype( ESM-_Cpl Conp)

t ype( NUOPC_RunSequence), pointer
end type

Execute Finalize() foat n2ocn andocn2at m

Destroyat mandocn and their import and export States.

pointer :: wap

14
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at m2ocn, ocn2atm
runSeq(:)



3.3 Generic Component: NUOPC_DriverAtmOcnMed

MODULE:
nodul e NUOPC Dri ver At nOcnMed

DESCRIPTION:

This is a specialization of thdUOPC Dr i ver generic component, driving a coupled Atmosphere-Oceadidfier
model. The default is to use explicit time stepping. Eacledriime step, the same sequence of Atmosphere, Ocean,
Mediator, and the connectBun methods are called. The run sequence is fully customizablesfses where explicit
time stepping is not suitable.

SUPER:
NUOPC Dri ver

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subroutine routine_Set Services(gconp, rc)
type( ESM-_Gri dComp) .. gconp
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)
— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 00 (see secti@nP.4 for a precise definitiornt} e following mapping:
x |PDv0OOpl = phase 1: (RQUIRED, NUOPC RROVIDED)

e phase 1: (NUOPC RoVIDED, suitable for: IPDvO0p1)

— Allocate and initialize the internal state.

— If the internal clock is not yet set, set the default intertlatk to be a copy of the incoming clock, if the
incoming clock is valid.

— Set the number of model components to 3.
— Allocate internal storage accordingnodel Count = 3.

— Optional specializationto provide Model and Connectgret Li st members in the internal state:
| abel _Set Mbdel Pet Li st .

— Createat m ocn, andrred components with their import and export States.

— Attach standard NUOPC Model Component metadata.

— Createat nR2ocn, atm2medpcn2at m ocn2at m ned2at m andmed2ocn Connector components.
— Attach standard NUOPC Connector Component metadata.

— Initialize the default run sequence.

— Required specializatioto set component servicesabel _Set Mbdel Ser vi ces.

x Call into SetServices() for that m ocn, ned, at nRocn, atm2med,ocn2at m ocn2at m
med2at m andned2ocn components.
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x Optionally replace the default clock.
x Optionally replace the default run sequence.

— Implement the initialize sequence for the child componetdsnpatible with up to IPD version 01, as

documented in sectidn 2.4.

RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Ifthe incoming clock is valid, set the internal stop time ttedime step interval on the incoming clock.
— Time stepping loop, from current time to stop time, incretirenby time step.

— For each time step iteration, the Run() methodsabm ocn, med, at nRocn, atm2medpocn2at m
ocn2at mmed2at m andned2ocn are being called according to the run sequence.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)

Deallocate the run sequence.
Deallocate the internal state.

INTERNALSTATE:

| abel Internal State

type type_Internal State
type(type_l nternal StateStruct),

end type

type type_lInternal StateStruct

i nteger, pointer
i nteger, pointer
i nteger, pointer

type( ESM-_Gri dComp)
type( ESM-_Gri dComp)
t ype( ESM-_Gri dComp)
type( ESM-_St at e)
type( ESM-_St at e)
type( ESM-_St at e)

i nteger, pointer
i nteger, pointer
i nteger, pointer
i nteger, pointer

t ype( ESM-_Cpl Conp)

t ype( ESM~_Cpl Conp)

t ype( NUOPC_RunSequence),
end type

poi nt er

poi nt er
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Optional specializatiorto finalize driver component:abel _Fi nal i ze.

Execute Finalize() foat m2ocn, atm2medpcn2at m ocn2at m med2at m andrmed2ocn.
Execute Finalize() foat m ocn, andned.
Destroyat m ocn, andmed and their import and export States.

Destroyat nRocn, atm2medpcn2at m ocn2at m ned2at m andned2ocn.

wr ap

atmPet Li st (:)
ocnPet Li st (:)
medPet Li st (:)

atm

ocn

med

atm S, atnES

ocnl S, ocnES
medl S, medES

at n2nedPet Li st (:)
ocn2nedPet Li st (:)
med2at mPet Li st (:)
med2ocnPet Li st (:)

at n2ned, ocn2ned
nmed2atm ned2ocn
runSeq(:)



3.4 Generic Component: NUOPC_ModelBase

MODULE:

nodul e NUOPC Mbdel Base
DESCRIPTION:
Model component with a defaudixplicit time dependency. Each time tRen method is called the model integrates

one timeStep forward on the provided Clock. The Clock mustd&anced betwedRun calls. The componentBun
method flags incompatibility if the current time of the incioigp Clock does not match the current time of the model.

SUPER:
ESMF_Gri dConp

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subroutine routine_Set Services(gconp, rc)
type( ESM-_Gri dComp) .. gconp
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)
— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 00 (see secti@nP.4 for a precise definitiont} e following mapping:

x IPDv0OOpl = phase 1: (RQUIRED, IMPLEMENTOR PROVIDED)
x |PDv0OOp2 = phase 2: (RQUIRED, IMPLEMENTOR PROVIDED)
x |PDv0OOp3 = phase 3: (RQUIRED, IMPLEMENTOR PROVIDED)
x |PDv0OOp4 = phase 4: (RQUIRED, IMPLEMENTOR PROVIDED)

RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Allocate internal state memory.
— Assign thedr i ver O ock member in the internal state as an alias to the incoming clock

— Optional specializationto check and set the internal clock against the incoming kcloc
| abel _Set Rund ock.

— Alternatively use the default specialization: check tim&tinal clock and incoming clock agree on current
time and that the time step of the incoming clock is a multgfléhe internal clock time step. Under these
conditions set the internal stop time to one time step ialesm the incoming clock. Otherwise exit with
error, flagging incompatibility.

— Optional specializatiorio check Fields in import Staté:abel _Checkl nport.

— Alternatively use the default specialization: check thhiraport Fields are at the current time of the
internal clock.
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Model time stepping loop, starting at current time, runniogtop time on the internal clock using the
internal Clock time step. Timestamp the Fields in the exBtate at the beginning of each iteration.

Required specializatioto advance the model each time stepbel _Advance.
Optional specializationio timestamp the Fields in the export Stdtebel _Ti nest anpExport.
Deallocate internal state memory.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)
— Optionally overwrite the provided NOOP with model finalipat code.

INTERNALSTATE:

| abel Internal State

type type_lInternal State

type(type_Internal StateStruct), pointer :: wap
end type
type type_Internal StateStruct

t ype( ESM-_d ock) ;. driverd ock
end type

3.5 Generic Component: NUOPC_Model

MODULE:
nodul e NUOPC _Mbdel

DESCRIPTION:

Model component with a defaudixplicit time dependency. Each time tRen method is called the model integrates
one timeStep forward on the provided Clock. The Clock mustd&anced betwedRun calls. The componentRBun
method flags incompatibility if the current time of the inciogp Clock does not match the current time of the model.

SUPER:
NUOPC _Model Base

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subroutine routine_Set Services(gconp, rc)
type( ESM-_Gri dComp) :: gconp
integer, intent(out) :: rc
INITIALIZE:

18



phase 0: (RQUIRED, NUOPC RROVIDED)

— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 00 (see secti@nP.4 for a precise definitiornt} e following mapping:

IPDv0OOp1 = phase 1: (RQUIRED, IMPLEMENTOR PROVIDED)

IPDv0OOp2 = phase 2: (RQUIRED, IMPLEMENTOR PROVIDED)

IPDv0OOp3 = phase 3: (RQUIRED, NUOPC RROVIDED)

IPDv00p4 = phase 4: (RQUIRED, NUOPC RROVIDED)

*
*
*
*

phase 3: (NUOPC ROVIDED, suitable for: IPDv0OOp3, IPDv01p4, IPDv02p4)
— Ifthe model internal clock is found to be not set, then settioelel internal clock as a copy of the incoming
clock.
— Optional specializatioto set the internal clock and/or alarmisabel _Set C ock.
— Check compatibility, ensuring all advertised import Fgelde connected.

phase 4: (NUOPC ROVIDED, suitable for: IPDv00p4, IPDv01p5)

— Optional specializatioro initialize export Fieldsl abel _Datal niti ali ze
— Time stamp Fields in export State for compatibility checkin

phase 5: (NUOPC RoVIDED, suitable for: IPDv02p5)

— Optional specializatioro initialize export Fieldsl abel _Datal niti ali ze
— Time stamp Fields in export State for compatibility checkin
— Set Component metadata used to resolve initialize datandepeies.

RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Allocate internal state memory.
— Assign thedr i ver O ock member in the internal state as an alias to the incoming clock

— Optional specializationto check and set the internal clock against the incoming kcloc
| abel _Set Rund ock.

— Alternatively use the default specialization: check tiné¢iinal clock and incoming clock agree on current
time and that the time step of the incoming clock is a multigdléhe internal clock time step. Under these
conditions set the internal stop time to one time step iatlesn the incoming clock. Otherwise exit with
error, flagging incompatibility.

— Optional specializatiorio check Fields in import Staté:abel _Checkl nport.

— Alternatively use the default specialization: check thhiraport Fields are at the current time of the
internal clock.

Model time stepping loop, starting at current time, runniogtop time on the internal clock using the
internal Clock time step.

Required specializatioto advance the model each time stepbel _Advance.
Timestamp all export Fields at the current time of the indéofock.
Deallocate internal state memory.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)

19



— Optionally overwrite the provided NOOP with model finalipat code.

INTERNALSTATE:

| abel Internal State

type type_lInternal State

type(type_lInternal StateStruct), pointer :: wap
end type
type type_lInternal StateStruct

t ype( ESM-_d ock) ;. driverd ock
end type

3.6 Generic Component: NUOPC_Mediator

MODULE:
nodul e NUOPC Medi at or

DESCRIPTION:

Mediator component with a defawdiplicit time dependency. Each time tRen method is called, the time stamp

on the imported Fields must match the current time (on boghirhoming and internal Clock). Before returning,
the Mediator time stamps the exported Fields with the samegutime, before advancing the internal Clock one
timeStep forward.

SUPER:
NUOPC_Model Base

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subroutine routine_Set Servi ces(gconp, rc)
type( ESM-_Gri dComp) .. gconp
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)

— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 00 (see secti@nP.4 for a precise definitionith he following mapping:
x |PDv0OOpl = phase 1: (RQUIRED, IMPLEMENTOR PROVIDED)
- Advertise Fields in import and export States.
x |PDv0OOp2 = phase 2: (RQUIRED, IMPLEMENTOR PROVIDED)
- Realize advertised Fields in import and export States.
x |PDv0OOp3 = phase 3: (BQUIRED, NUOPC RROVIDED)
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- Additional initialization phase.
x |PDv0Op4 = phase 4: (RQUIRED, NUOPC RROVIDED)
- Additional initialization phase.

e phase 3: (RQUIRED, NUOPC RROVIDED)

— Set the Mediator internal clock as a copy of the incominglcloc
— Check compatibility, ensuring all advertised import Fgelte connected.

e phase 4: (RQUIRED, NUOPC RROVIDED)

— Optional specializatioro initialize export Fieldsl abel _Datal nitiali ze
— Time stamp Fields in import and export States for compétjlshecking.

RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Allocate internal state memory.
— Assign thedr i ver C ock member in the internal state as an alias to the incoming clock

— Check that internal clock and incoming clock agree on cutiere and that the time step of the incoming
clock is a multiple of the internal clock time step (remembwat the generic InitializePhase2 set the
Mediator internal clock identical to the incoming clock)ndler these conditions, set the internal stop time
to one time step interval on the incoming clock. Otherwisiéwith error, flagging incompatibility.

— Optional specializatiorio check Fields in import Staté:abel _Checkl nport.

— Alternatively use the default specialization: check thhiraport Fields are at the current time of the
internal clock.

— Timestamp all export Fields at the current time of the indkahock, i.e. the current time of the incoming
clock.

— Mediator time step forward on the internal Clock, which ie #ame time step as on the incoming Clock.
This prepares the internal clock for the next iteration.

— Required specializatioto mediate the Fieldd:abel _Advance.
— Deallocate internal state memory.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)
— Optionally overwrite the provided NOOP with Mediator firegtion code.

INTERNALSTATE:

| abel Internal State

type type_Internal State

type(type_lnternal StateStruct), pointer :: wap
end type
type type_lInternal StateStruct

t ype( ESM-_d ock) ;. driverd ock
end type
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3.7 Generic Component: NUOPC_Connector

MODULE:
nodul e NUOPC_Connect or
DESCRIPTION:

Connector component that uses a default bilinear regritodaduringRun to transfer data from the connected import
Fields to the connected export Fields.

SUPER:
ESMF_Cpl Conp

USE DEPENDENCIES:

use ESMF
SETSERVICES:
subroutine routine_Set Services(cplconp, rc)
t ype( ESM-_Cpl Conp) :: cplconp
integer, intent(out) :: rc
INITIALIZE:

e phase 0: (RQUIRED, NUOPC RROVIDED)
— Initialize thel ni ti al i zePhaseMap Attribute according to the NUOPC Initialize Phase Definitio
(IPD) version 01 (see secti@nP.4 for a precise definitiornit} e following mapping:

x IPDv01pl = phase 1: (RQUIRED, NUOPC RROVIDED)
x IPDv01p2 = phase 2: (RQUIRED, NUOPC RROVIDED)
x IPDv01p3 = phase 3: (RQUIRED, NUOPC RROVIDED)

e phase 1: (NUOPC RoVIDED, suitable for: IPDv01p1, IPDv02p1)

— Construct a list of matching Field pairs between import axybet State based on tt&t andar dNane
Field metadata.
— Store this list ofSt andar dNane entries in theCpl Li st attribute of the Connector Component meta-
data.
e phase 2: (NUOPC RoVIDED, suitable for: IPDv01p2, IPDv02p2)

— Allocate and initialize the internal state.

— Use theCpl Li st attribute to constructr cFi el ds anddst Fi el ds FieldBundles in the internal state
that hold matched Field pairs.

— Set theConnect ed attribute tot r ue in the Field metadata for each Field that is added to the
sr cFi el ds anddst Fi el ds FieldBundles.

e phase 3: (NUOPC RoVIDED, suitable for: IPDv01p3, IPDv02p3)

— Use theCpl Li st attribute to constructr cFi el ds anddst Fi el ds FieldBundles in the internal state
that hold matched Field pairs.
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— Set theConnect ed attribute tot rue in the Field metadata for each Field that is added to the
sr cFi el ds anddst Fi el ds FieldBundles.

— Optional specializationio precompute a Connector operatidrabel _Conput eRout eHandl e. Sim-
ple custom implementations store the precomputed comratioicRouteHandle in theh member of
the internal state. More complex implementations usesthat e member in the internal state to store
auxiliary Fields, FieldBundles, and RouteHandles.

— By default (if| abel _Conput eRout eHandl e wasnot provided) precompute the Connector Route-
Handle as a bilinear Regrid operation betwseFi el ds anddst Fi el ds, withunmappedacti on
set toESMF_UNMAPPEDACTI ON_I GNORE. The resulting RouteHandle is stored in thie member of
the internal state.

RUN:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Optional specializatiorio execute a Connector operatidnabel _Execut eRout eHandl e. Simple
custom implementations access #wecFi el ds, dst Fi el ds, andr h members of the internal state
to implement the required data transfers. More complex@mgntations access teé at e member in
the internal state, which holds the auxiliary Fields, Hialddles, and RouteHandles that potentially were
added during the optiondlabel _Conput eRout eHandl e method during initialize.

— By default (ifl abel _Execut eRout eHandl e wasnot provided) execute the precomputed Connector
RouteHandle betweesr cFi el ds anddst Fi el ds.

— Update the time stamp on the Fieldglisit Fi el ds to match the time stamp on the FieldsincFi el ds.

FINALIZE:
e phase 1: (RQUIRED, NUOPC RROVIDED)

— Optional specializatiorio release a Connector operatidrabel _Rel easeRout eHandl e.

By default (if| abel _Rel easeRout eHandl e wasnot provided) release the precomputed Connector
RouteHandle.

Destroy the internal state members.
Deallocate the internal state.

INTERNALSTATE:

| abel Internal State

type type_Internal State

type(type_Internal StateStruct), pointer :: wap
end type
type type_Internal StateStruct
type(ESM-_Fi el dBundl e) :: srcFields
type(ESM-_Fi el dBundl e) :: dstFields
type(ESM-_RouteHandle) :: rh
type( ESM-_St at e) ;. state
end type
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NUOPC_Driver :: InternalState

type(ESMF_GridComp), pointer::modelCompﬁ/—‘
type(ESMF_CplComp),pointer::connectorComp(:}:
type(NUOPC_RunSequence), pointer::runSeq(:)
integer::runPhaseToRunSeqMap(10)

s

runPhaseToRunSeqMap()

—
model component reference

connectorComp(

U W N P O

012 3 45

modelComp(:)
Lol 1] 2 3f 4] 5]

T

—NUOPC_RunSequence

type(ESMF_Clock):clock

type(NUOPC_RunElem ointer::firg

i<0,next=>NULL()

—NUOPC_RunSequence————

type(ESMF_Clock)::clock
type(NUOPC_RunElement), pointer::firg

—NUOPC_RunSequence—————————]
type(ESMF_Clock)::clock

@?RE_
type(NUOPC_RunElement), pointer::firs/ phase

rN_RE— | RE—
j j
/@h ase / [@h ase

next — |

i<0, next=>.not.NULL()

—
connector component reference

ENDDO

LINK

Figure 2: NUOPC_RunSequence class as it relates to theusidirgy data structures.

3.8 Utility Class: NUOPC_RunSequence

TheNUOPC_RunSequence class provides a unified data structure that allows simpleedisas complex time loops
to be encoded and executed. There are entry points that diffavent run phases to be mapped against distinctly

different time loops.

Figure[2 depicts the data structures surrounding\H&PC_RunSequence, starting with the InternalState of the
NUOPC Dri ver generic component.

3.8.1 NUOPC_RunElementAdd - Add a RunElement to the end of a BnSequence

INTERFACE:

subrouti ne NUOPC_RunEl enent Add(r unSeq,

ARGUMENTS:

t ype( NUOPC_RunSequence),

i nteger,
i nteger,

optional,

i ntent (in)
i ntent (out)
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DESCRIPTION:

Add a new RunElement at the end of a RunSequence. The Runilenset to the values provided forj , phase.

3.8.2 NUOPC_RunElementPrint - Print info about a RunElemen object

INTERFACE:

subrouti ne NUOPC RunEl ement Print (runEl enent, rc)

ARGUMENTS:
t ype(NUOPC RunEl enent), intent(in) :: runEl ement
i nteger, optional, intent(out) :: rc
DESCRIPTION:

Write information about unEl enent into the default log file.

3.8.3 NUOPC_RunSequenceAdd - Add more RunSequences to a Rigguence vector

INTERFACE:

subrouti ne NUOPC _RunSequenceAdd(runSeq, addCount, rc)

ARGUMENTS:
t ype( NUOPC_RunSequence), pointer ;o runSeq(:)
i nteger, intent(in) :: addCount
i nteger, optional, intent(out) :: rc
DESCRIPTION:

The incoming RunSequence vectannSeq is extended byaddCount more RunSequence objects. The existing
RunSequence objects are copied to the front of the new viefore the old vector is deallocated.

3.8.4 NUOPC_RunSequenceDeallocate - Deallocate an entRenSequence vector

INTERFACE:
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I Private name; call using NUOPC RunSequenceDeal | ocat e()
subrouti ne NUOPC _RunSequenceArrayDeal | (runSeq, rc)

ARGUMENTS:
t ype( NUOPC_RunSequence), pointer ;o orunSeq(:)
i nteger, optional, intent(out) :: rc
DESCRIPTION:

Deallocate all of the RunElements in all of the RunSequeefiaed in the unSeq vector.

3.8.5 NUOPC_RunSequenceDeallocate - Deallocate a singleiSequence object

INTERFACE:

I Private nanme; call using NUOPC RunSequenceDeal | ocat e()
subrouti ne NUOPC RunSequenceSi ngl eDeal | (runSeq, rc)

ARGUMENTS:
t ype( NUOPC_RunSequence), intent(inout) :: runSeq
i nteger, optional, intent(out) :: rc
DESCRIPTION:

Deallocate all of the RunElements in the RunSequence definednSeq.

3.8.6 NUOPC_RunSequencelterate - Iterate through a RunSegnce

INTERFACE:
function NUOPC RunSequencelterate(runSeq, runSeqlndex, runEl ement,

RETURN VALUE:

| ogi cal :: NUOPC RunSequencelterate
ARGUMENTS:

t ype( NUOPC_RunSequence), pointer :1 runSeq(:)

i nteger, intent(in) :: runSeqlndex

t ype( NUOPC_RunEl enent), pointer ;. runEl ement

i nteger, optional, intent(out) :: rc
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DESCRIPTION:

Iterate through the RunSequence that is in positionSeql ndex in ther unSeq vector. Ifr unEl ement comes
in unassociatedthe iteration starts from the beginning. Otherwise thi tedes one forward step relative to the
incomingr unEl enent , returning the next RunElementirunEl errent . In either case, the logical function return
valueis. tr ue. if the end of iteration has not been reached by the forwapl sied. f al se. if the end of iteration
has been reached. The returmachEl enent is only valid for a function return value oft r ue. .

3.8.7 NUOPC_RunSequencePrint - Print info about a single RuSequence object

INTERFACE:

I Private nanme; call using NUOPC RunSequencePrint ()
subrouti ne NUOPC_RunSequenceSi ngl ePrint (runSeq, rc)

ARGUMENTS:
t ype( NUOPC _RunSequence), intent(in) :: runSeq
i nteger, optional, intent(out) :: rc
DESCRIPTION:

Write information about unSeq into the default log file.

3.8.8  NUOPC_RunSequencePrint - Print info about a RunSequnee vector

INTERFACE:

I Private nane; call using NUOPC RunSequencePrint ()
subrouti ne NUOPC _RunSequenceArrayPrint(runSeq, rc)

ARGUMENTS:
t ype( NUOPC_RunSequence), pointer ;o runSeq(:)
i nteger, optional, intent(out) :: rc
DESCRIPTION:

Write information about the wholeunSeq vector into the default log file.
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3.8.9 NUOPC_RunSequenceSet - Set values inside a RunSeqeeabject

INTERFACE:
subrouti ne NUOPC _RunSequenceSet (runSeq, clock, rc)
ARGUMENTS:

t ype( NUOPC _RunSequence), intent(inout) :: runSeq

type( ESM-_d ock), i ntent (in) .1 clock
i nteger, optional, i ntent (out) ilorc
DESCRIPTION:

Set the Clock member inunSeq.
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3.9 Utility Routines

3.9.1 NUOPC_ClockCheckSetClock - Check a Clock for compdility

INTERFACE:

subrouti ne NUOPC _C ockCheckSet C ock(set O ock, checkd ock, &
setStartTi neToCurrent, rc)

ARGUMENTS:
type( ESM-_d ock), i ntent (inout) ;. setd ock
type( ESM-_d ock), i ntent (in) :: checkd ock
| ogi cal , intent(in), optional :: setStartTi neToCurrent
i nteger, intent(out), optional :: rc
DESCRIPTION:

Comparesset Cl ock to checkC ock to make sure they match in their current Time. Further erssthat
checkd ock’s timeStep is a multiple ofet Cl ock’s timeStep. If both these condition are satisfied then thp-st
Time of theset Cl ock is set onecheckC ock’s timeStep ahead of the current Time, taking into accouet th
direction of the Clock.

By default the startTime of theet C ock is not modified. However, et St art Ti neToCurrent == .true.
the startTime ofet O ock is set to the currentTime afheckC ock.

3.9.2 NUOPC_Clockinitialize - Initialize a new Clock from Clock and stabilityTimeStep

INTERFACE:
function NUOPC Cl ocklnitialize(external Cock, stabilityTi meStep, rc)
RETURN VALUE:

type(ESM-_C ock) :: NUOPC Clocklnitialize

ARGUMENTS:
t ype( ESM-_O ock) . external d ock
type(ESM-_Tinmelnterval ), intent(in), optional :: stabilityTi meStep
i nteger, intent(out), optional :: rc

DESCRIPTION:

Returns a new Clock instance that is a copy of the incominglClbut potentially with a smaller timestep. The
timestep is chosen so that the timestep of the incoming Qlekk er nal Cl ock) is a multiple of the new Clock’s
timestep, and at the same time the new timestep is <sttlai | i t yTi neSt ep.
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3.9.3 NUOPC_ClockPrintCurrTime - Formatted print ot curre nt time

INTERFACE:

subrouti ne NUOPC C ockPrintCurrTine(clock, string, unit, rc)

ARGUMENTS:
type(ESM-_O ock), intent(in) :: clock
character(*), intent(in), optional :: string
character(*), intent(out), optional :: unit
i nteger, intent(out), optional :: rc
DESCRIPTION:

Writes the formatted current time of ock to uni t. Prependst ri ng if provided. Ifuni t is present it must be
an internal unit, i.e. a string variable. Uini t is not present then the output is written to the default eeteunit
(typically that would be stdout).

3.9.4 NUOPC_ClockPrintStartTime - Formatted print ot start time

INTERFACE:

subrouti ne NUOPC C ockPrintStartTi ne(clock, string, unit, rc)

ARGUMENTS:
type(ESM-_O ock), intent(in) :: clock
character(*), intent(in), optional :: string
character(*), intent(out), optional :: unit
i nteger, intent(out), optional :: rc
DESCRIPTION:

Writes the formatted start time afl ock to uni t. Prependst ri ng if provided. If uni t is present it must be
an internal unit, i.e. a string variable. Uini t is not present then the output is written to the default eeteunit
(typically that would be stdout).

3.9.5 NUOPC_ClockPrintStopTime - Formatted print ot stop ime

INTERFACE:

subrouti ne NUOPC _C ockPrint St opTi ne(cl ock, string, unit, rc)
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ARGUMENTS:

type(ESM-_d ock), intent(in) .. clock

character(*), intent(in), optional :: string

character(*), intent(out), optional :: unit

i nteger, intent(out), optional :: rc
DESCRIPTION:

Writes the formatted stop time @fl ock to uni t. Prependst ri ng if provided. Ifunit is present it must be
an internal unit, i.e. a string variable. Uini t is not present then the output is written to the default eeteunit
(typically that would be stdout).

3.9.6 NUOPC_CplCompAreServicesSet - Check if SetServicess called

INTERFACE:

function NUOPC _Cpl ConpAreServi cesSet (conp, rc)

RETURN VALUE:

| ogi cal :: NUOPC _Cpl ConpAreServi cesSet
ARGUMENTS:

t ype( ESM-_Cpl Conp), intent(in) :1 conp

i nteger, intent(out), optional :: rc
DESCRIPTION:

Returns t r ue. if SetServices has been called fmnp. Otherwise returnsf al se. .

3.9.7 NUOPC_CplCompAttributeAdd - Add the NUOPC CplComp Attributes

INTERFACE:

subrouti ne NUOPC _Cpl ConpAttri but eAdd(conp, rc)

ARGUMENTS:
t ype( ESMF_Cpl Conp), intent (inout) ;1 conp
i nteger, intent(out), optional :: rc
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DESCRIPTION:

Adds standard NUOPC Attributes to a Coupler Component. e provided importState and exportState argu-
ments for matching Fields and adds the list as "CplList"iAttre.

This adds the standard NUOPC Coupler Attribute packagererdion="NUOPC", purpose="General" to the Field.
The NUOPC Coupler Attribute package extends the ESG Commdkitribute package: convention="ESG", pur-
pose="General".

The arguments are:

comp TheESM-_Cpl Conp object to which the Attributes are added.
[rc] Return code; equalsSM-_SUCCESS if there are no errors.

3.9.8 NUOPC_CplCompAttributeGet - Get a NUOPC CplComp Attribute

INTERFACE:

subrouti ne NUOPC Cpl ConpAttri buteGet(conp, cplList, cplListSize, rc)

ARGUMENTS:
t ype( ESMF_Cpl Conp), intent(in) ;1 conp
character(*), intent(out), optional :: cplList(:)
i nteger, intent(out), optional :: cplListSize
i nteger, intent(out), optional :: rc
DESCRIPTION:

Accesses the "CplList" Attribute inside obnp using the conventioNUOPC and purposé&ener al . Returns with
error if the Attribute is not present or not set.

3.9.9 NUOPC_CplCompAttributeSet - Set the NUOPC CplComp Atributes

INTERFACE:

subrouti ne NUOPC _Cpl ConpAttri buteSet(conmp, inportState, exportState, rc)

ARGUMENTS:
t ype( ESM-_Cpl Conmp), intent(inout) ;1 conp
type(ESM-_State), i ntent (in) ;. inportState
type(ESM-_State), i ntent(in) .. exportState
i nteger, intent(out), optional :: rc
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DESCRIPTION:

Checks the provided importState and exportState argurfantsatching Fields and sets the coupling list as "CplList"
Attribute inconp.

The arguments are:

comp TheESM~_Cpl Conp object to which the Attributes are set.
importState Import State.

exportState Export State.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

3.9.10 NUOPC_FieldAttributeAdd - Add the NUOPC Field Attri butes

INTERFACE:

subrouti ne NUOPC Fi el dAttri buteAdd(field, StandardName, Units, LongName, &
Shor t Nane, Connected, rc)

ARGUMENTS:
t ype( ESM-_Fi el d) :: field
character(*), intent(in) :: Standar dNane
character(*), intent(in), optional :: Units
character(*), intent(in), optional . LongName
character(*), intent(in), optional :: Short Nanme
character(*), intent(in), optional .. Connected
i nteger, i ntent (out), optional ilorc
DESCRIPTION:

Adds standard NUOPC Attributes to a Field object. Checkptbgided arguments against the NUOPC Field Dictio-
nary. Omitted optional information is filled in using defeaubut of the NUOPC Field Dictionary.

This adds the standard NUOPC Field Attribute package: atioie="NUOPC", purpose="General" to the Field. The
NUOPC Field Attribute package extends the ESG Field Atteétpackage: convention="ESG", purpose="General".

The arguments are:

field TheESM-_Fi el d object to which the Attributes are added.
StandardName The StandardName of the Field. Must be a StandardName fouthé INUOPC Field Dictionary.

[Units] The Units of the Field. Must be convertible to the canoniaatsispecified in the NUOPC Field Dictio-
nary for the specified StandardName. If omitted, the defaulh use the canonical units associated with the
StandardName in the NUOPC Field Dictionary.

[LongName] The LongName of the Field. NUOPC does not restrict the vafukis variable. If omitted, the default
is to use the LongName associated with the StandardName NWOPC Field Dictionary.
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[ShortName] The ShortName of the Field. NUOPC does not restrict the valltigis variable. If omitted, the default
is to use the ShortName associated with the StandardNarne MWOPC Field Dictionary.

[Connected] The connection status of the Field. Must be one of the NUORpauted valuest al se ort r ue. If
omitted, the defaultis a connected statu$ af se.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

3.9.11 NUOPC_FieldAttributeGet - Get a NUOPC Field Attribute

INTERFACE:

subrouti ne NUOPC Fi el dAttri buteGet(field, nanme, value, rc)

ARGUMENTS:
type(ESM-_Fi el d), intent(in) :: field
character(*), i ntent(in) ©1 nhane
character(*), i ntent (out) .. val ue
i nteger, intent(out), optional :: rc
DESCRIPTION:

Accesses the Attributeane inside off i el d using the conventioNUOPC and purposé&ener al . Returns with
error if the Attribute is not present or not set.

3.9.12 NUOPC_FieldAttributeSet - Set a NUOPC Field Attribue

INTERFACE:

subrouti ne NUOPC Fi el dAttri buteSet (field, nanme, value, rc)

ARGUMENTS:
t ype( ESM-_Fi el d) .. field
character(*), intent(in) © nhane
character(*), intent(in) ;1 val ue
i nteger, i ntent (out), optional ciorc
DESCRIPTION:

Set the Attributenane inside off i el d using the conventioNUOPC and purpos€&ener al .
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3.9.13 NUOPC_FieldBundleUpdateTime - Update the time stamon all Fields in a FieldBundle

INTERFACE:

subrouti ne NUOPC Fi el dBundl eUpdat eTi ne(srcFi el ds, dstFields, rc)

ARGUMENTS:
type( ESM-_Fi el dBundl ), intent(in) ;. srcFields
t ype( ESM-_Fi el dBundl €), intent(inout) ;. dstFields
i nteger, intent(out), optional :: rc
DESCRIPTION:

Updates the time stamp on all Fields in et Fi el ds FieldBundle to be the same as in ttiet Fi el ds Field-
Bundle.

3.9.14 NUOPC_FieldDictionaryAddEntry - Add an entry to the NUOPC Field dictionary

INTERFACE:

subrouti ne NUOPC Fi el dDi cti onar yAddEntry(standar dNane, canonical Units, &
def aul t LongName, defaul t Short Nane, rc)

ARGUMENTS:
character(*), i ntent(in) . standar dNane
character(*), i ntent (in) ;. canonical Units
character(*), intent(in), optional :: defaultLongNane
character(*), intent(in), optional :: defaultShortName
i nteger, intent(out), optional :: rc

DESCRIPTION:

Adds an entry to the NUOPC Field dictionary. If necessarydicgonary is first set up.

3.9.15 NUOPC_FieldDictionaryGetEntry - Get information about a NUOPC Field dictionary entry

INTERFACE:

subrouti ne NUOPC Fi el dDi cti onaryGet Entry(standardNane, canonical Units, &
def aul t LongName, defaul t Short Nane, rc)
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ARGUMENTS:

character(*), i ntent(in) .. standar dNane
character(*), intent(out), optional :: canonicalUnits
character(*), intent(out), optional :: defaultLongNane
character(*), intent(out), optional :: defaultShortName
i nteger, intent(out), optional :: rc

DESCRIPTION:

Returns the canonical units, the default LongName and tfi@utieShortName that the NUOPC Field dictionary
associates with a StandardName.

3.9.16 NUOPC_FieldDictionaryHasEntry - Check whether theNUOPC Field dictionary has a specific entry

INTERFACE:

function NUOPC Fi el dDi cti onaryHasEntry(standardNane, rc)

RETURN VALUE:
| ogi cal :: NUOPC Fiel dDictionaryHasEntry
ARGUMENTS:
character(*), i ntent(in) .. standar dNane
i nteger, intent(out), optional :: rc
DESCRIPTION:

Returns t r ue. if the NUOPC Field dictionary has an entry with the specifith8ardName,f al se. otherwise.

3.9.17 NUOPC_FieldDictionarySetup - Setup the NUOPC Fieldictionary

INTERFACE:
subrouti ne NUOPC Fi el dDi cti onarySet up(rc)
ARGUMENTS:
i nteger, i ntent (out), optional ciorc

DESCRIPTION:

Setup the NUOPC Field dictionary.
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3.9.18 NUOPC_FieldIsAtTime - Check if the Field is at the gien Time

INTERFACE:

function NUOPC FieldlsAtTinme(field, time, rc)

RETURN VALUE:
| ogical :: NUOPC FieldlsAtTine
ARGUMENTS:
type(ESM-_Field), intent(in) .. field
type(ESMF_Tinme), intent(in) o tine
i nteger, intent(out), optional :: rc
DESCRIPTION:

Returns t r ue. if the Field has a timestamp that matcheésre. Otherwise returnsf al se. .

3.9.19 NUOPC_FillCplList - Fill the cplList according to matching Fields

INTERFACE:

subroutine NUOPC Fill Cpl List(inportState, exportState, cplList, rc)

ARGUMENTS:
type(ESM-_State), i ntent (in) :: inportState
type(ESM-_State), i ntent (in) ;. exportState
char act er (ESMF_MAXSTR), pointer cooceplList(:)
i nteger, intent(out), optional :: rc
DESCRIPTION:

Constructs a list of matching StandardNames of Fields in thgor t St at e andexport St at e. Returns this list
incpl Li st.

The pointer argumerdpl Li st must enter this method unassociated. On return, the da#ibacof the potentially
associated pointer becomes the user responsibility.

3.9.20 NUOPC_GridCompAreServicesSet - Check if SetSends was called

INTERFACE:
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function NUOPC Gri dConpAreServi cesSet (conp, rc)

RETURN VALUE:

[ ogi cal :: NUOPC _Gri dCompAreServi cesSet
ARGUMENTS:

type(ESM-_Gri dConp), intent(in) .. conp

i nteger, intent(out), optional :: rc
DESCRIPTION:

Returns t r ue. if SetServices has been called fwnp. Otherwise returnsf al se. .

3.9.21 NUOPC_GridCompAttributeAdd - Add the NUOPC GridComp Attributes

INTERFACE:

subrouti ne NUOPC Gri dConpAttri buteAdd(conp, rc)

ARGUMENTS:
type( ESM-_Gri dComp) :1oconp
i nteger, i ntent (out), optional tiorc
DESCRIPTION:

Adds standard NUOPC Attributes to a Gridded Component.

This adds the standard NUOPC GridComp Attribute packagevarttion="NUOPC", purpose="General" to the Grid-
ded Component. The NUOPC GridComp Attribute package extdralCIM Component Attribute package: conven-
tion="CIM 1.5", purpose="ModelComp".

3.9.22 NUOPC_GridCompCheckSetClock - Check Clock compatility and set stopTime

INTERFACE:

subrouti ne NUOPC _Gi dConpCheckSet Cl ock(conp, external d ock, rc)

ARGUMENTS:
t ype( ESMF_Gri dConp), i ntent (i nout) ;1 conp
type( ESM-_d ock), i ntent (in) ;. external C ock
i nteger, intent(out), optional :: rc
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DESCRIPTION:

Compareext er nal G ock to the Componentinternal Clock to make sure they match in¢herent Time. Further
ensures that the external Clock’s timeStep is a multiplénefibternal Clock’s timeStep. If both these condition are
satisfied then the stopTime of the internal Clock is set todaemable in one timeStep of the external Clock, taking
into account the direction of the Clock.

3.9.23 NUOPC_GridCompSetClock - Initialize and set the inérnal Clock of a GridComp

INTERFACE:
subrouti ne NUOPC _Gri dConmpSet Cl ock(conp, external C ock, stabilityTi meStep, &
rc)
ARGUMENTS:
type( ESM-_Gri dComp) , i ntent (i nout) 11 oconp
type( ESM-_d ock), i ntent (in) ;. external C ock
type(ESM-_Tinmelnterval ), intent(in), optional :: stabilityTi meStep
i nteger, intent(out), optional :: rc
DESCRIPTION:

Sets the Component internal Clock as a copgxf er nal Cl ock, but with a timeStep that is less than or equal to
the stabilityTimeStep. At the same time ensures that theStep of the external Clock is a multiple of the internal
Clock’s timeStep. If the stabilityTimeStep argument is patvided then the internal Clock will simply be set as a
copy of the externalClock.

3.9.24 NUOPC_GridCreateSimpleXY - Create a simple XY cartsian Grid

INTERFACE:
function NUOPC GridCreateSi mpl eXY(x_min, y_nmn, x_max, y_nmax, &
i _count, j_count, rc)
RETURN VALUE:

type(ESM-_Gid):: NUOPC Gri dCreat eSi npl eXY

ARGUMENTS:
real (ESMF_KIND R8), intent(in) ;oox_mn, Xx_mx, y_mn, y_ nax
i nteger, i ntent(in) ;. i _count, j_count
i nteger, intent(out), optional :: rc
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DESCRIPTION:

Creates and returns a very simple XY cartesian Grid.

3.9.25 NUOPC_IsCreated - Check whether an ESMF object has ba created

INTERFACE:

I call using generic interface: NUOPC | sCreated
function NUOPC _C ockl sCreat ed(cl ock, rc)

RETURN VALUE:

 ogi cal :: NUOPC O ockl sCreated
ARGUMENTS:

t ype( ESM-_d ock) .. clock

i nteger, intent(out), optional :: rc
DESCRIPTION:

Returns t r ue. if the ESMF object (herel ock) is in the created statef al se. otherwise.

3.9.26 NUOPC_StateAdvertiseField - Advertise a Field in atate

INTERFACE:

subrouti ne NUOPC St at eAdverti seFi el d(state, StandardName, Units, &
LongName, Short Name, name, rc)

ARGUMENTS:
type(ESM-_State), intent(inout) .. state
character(*), i ntent (in) .. Standar dNane
character(*), intent(in), optional :: Units
character(*), intent(in), optional :: LongNane
character(*), intent(in), optional :: ShortNane
character(*), intent(in), optional :: nane
i nteger, intent(out), optional :: rc
DESCRIPTION:
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Advertises a Field in a State. This call checks the providémrmation against the NUOPC Field Dictionary. Omitted
optional information is filled in using defaults out of the BPC Field Dictionary.

The arguments are:

state TheESMF_St at e object through which the Field is advertised.

StandardName The StandardName of the advertised Field. Must be a StaNdand found in the NUOPC Field
Dictionary.

[Units] The Units of the advertised Field. Must be convertible todhraonical units specified in the NUOPC Field
Dictionary for the specified StandardName. If omitted, thédlt is to use the canonical units associated with
the StandardName in the NUOPC Field Dictionary.

[LongName] The LongName of the advertised Field. NUOPC does not réstrécvalue of this variable. If omitted,
the default is to use the LongName associated with the StdNdane in the NUOPC Field Dictionary.

[ShortName] The ShortName of the advertised Field. NUOPC does not ce#ttie value of this variable. If omitted,
the default is to use the ShortName associated with the tdNa&ime in the NUOPC Field Dictionary.

[name] The actual name of the advertised Field by which it is acckssthe State object. NUOPC does not restrict
the value of this variable. If omitted, the default is to use value of the ShortName.

[rc] Return code; equalsSM-_SUCCESS if there are no errors.

3.9.27 NUOPC_StateBuildStdList - Build lists of Field infamation from a State

INTERFACE:

recursive subrouti ne NUOPC St at eBui | dSt dLi st (state, stdAttrNanmeList, &
stdl t enNaneLi st, stdConnectedLi st, stdFieldList, rc)

ARGUMENTS:
type(ESM-_State), i ntent (in) :: state
char act er (ESMF_MAXSTR), pointer i stdAttrNanmeList(:)
char act er (ESM-_MAXSTR), pointer, optional ;. stdltemNaneList(:)
char act er (ESM-_MAXSTR), pointer, optional ;1 stdConnect edList(:)
type( ESM-_Fi el d) , poi nter, optional i stdFieldList(:)
i nteger, intent(out), optional :: rc

DESCRIPTION:

Constructs lists containing the StandardName, Field nameconnected status of the Fields in sfieat e. Returns
this information in the list arguments. Recursively patbesugh nested States.

All pointer arguments present must enter this method uréssal. On return, the deallocation of an associated pointe
becomes the user responsibility.
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3.9.28 NUOPC_StatelsAllConnected - Check if all the Fieldm a State are connected

INTERFACE:

function NUOPC_St at el sAll Connect ed(state, rc)

RETURN VALUE:
[ ogi cal :: NUOPC_ Statel sAll Connected
ARGUMENTS:
type(ESM-_State), intent(in) .. state
i nteger, intent(out), optional :: rc
DESCRIPTION:

Returns. t rue. if all the Fields inst at e are connected. Otherwise retutrfsal se. .

3.9.29 NUOPC_StatelsAtTime - Check if all the Fields in a St are at the given Time

INTERFACE:

function NUOPC Statel sAtTime(state, tinme, rc)

RETURN VALUE:
[ ogi cal :: NUOPC_Statel sAtTime
ARGUMENTS:
type(ESM-_State), intent(in) ;. state
type(ESMF_Tinme), intent(in) cotine
i nteger, intent(out), optional :: rc
DESCRIPTION:

Returns t r ue. if all the Fields inst at e have a timestamp that matchtesne. Otherwise returnsf al se. .

3.9.30 NUOPC_StatelsFieldConnected - Test if Field in a Staris connected

INTERFACE:
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function NUOPC St at el sFi el dConnected(state, fieldNane, rc)

RETURN VALUE:
| ogi cal :: NUOPC Statel sFiel dConnect ed
ARGUMENTS:
type(ESM-_State), intent(in) .. state
character(*), i ntent(in) .. fieldNanme
i nteger, intent(out), optional :: rc
DESCRIPTION:

Returns. t rue. if Fields with namé i el dNane contained irst at e is connected. Otherwise returngal se. .

3.9.31 NUOPC_StatelsUpdated - Check if all the Fields in a 8te are marked as updated

INTERFACE:

function NUOPC St at el sUpdat ed(state, count, rc)

RETURN VALUE:
| ogi cal :: NUOPC_ St at el sUpdat ed
ARGUMENTS:
type(ESM-_State), intent(in) ;. state
i nteger, i ntent(out), optional :: count
i nteger, intent(out), optional :: rc
DESCRIPTION:

Returns true. if allthe Fieldsinst at e have their "Updated" Attribute set to "true". Otherwisaures. f al se. .
Thecount argument returns how many of the Flelds have the UpdatedibAie set to "true”.

3.9.32 NUOPC_StateRealizeField - Realize a previously agitised Field in a State

INTERFACE:

subrouti ne NUOPC St at eReal i zeFi el d(state, field, rc)
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ARGUMENTS:

type(ESM-_State), intent(inout) .. state

type(ESM-_Field), intent(in) .. field

i nteger, intent(out), optional :: rc
DESCRIPTION:

Realizes a previously advertised Fieldsihat e.

3.9.33 NUOPC_StateSetTimestamp - Set a time stamp on all kis in a State

INTERFACE:

subrouti ne NUOPC St at eSet Ti mest anp(state, clock, selective, rc)

ARGUMENTS:
type(ESM-_State), intent(inout) ;. state
type(ESM-_d ock), intent(in) .. clock
| ogi cal , intent(in), optional :: selective
i nteger, intent(out), optional :: rc
DESCRIPTION:

Sets the TimeStamp Attribute accordingcoock on all the Fields irst at e.

3.9.34 NUOPC_StateUpdateTimestamp - Update the timestamgn all the Fields in a State

INTERFACE:

subrouti ne NUOPC_St at eUpdat eTi nest anp(state, rootPet, rc)

ARGUMENTS:
type(ESM-_State), intent(in) ;. state
i nteger, i ntent (in) .. root Pet
i nteger, intent(out), optional :: rc
DESCRIPTION:

Updates the TimeStamp Attribute for all the Fields on allf&€Ts in the current VM to the TimeStamp Attribute held
by the Field instance on threoot Pet .
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3.9.35 NUOPC_TimePrint - Formatted print ot time informati on

INTERFACE:

subroutine NUOPC TimePrint(time, string, unit, rc)

ARGUMENTS:
type(ESM-_Time), intent(in) cootine
character(*), intent(in), optional :: string
character(*), intent(out), optional :: unit
i nteger, intent(out), optional :: rc
DESCRIPTION:

Write a formatted time with or withoustri ng touni t. If unit is present it must be an internal unit, i.e. a
string variable. Ifuni t is not present then the output is written to the default exeunit (typically that would be
stdout).
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