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Science Systems and Applications, Inc.

NNGI12HPO6C
Task Order Statement of Work

Task Order Number: CY4 04 Mod0
Task Order Title: GEOS Data Assimilation System Development, Integration, and Application

1.0 Task Monitor (TM):

Name: Ricardo Todling
Organization: GMAO:GMAO
Email Address: ricardo.todling- 1 @nasa.gov

2.0 Description of Work to be Performed
There are significunt changes [rom CY 23 16 CY4. as indicat=d in red below.

The objective of this task is to provide collaboration and support for the development of the
GMAO joint atmospheric analysis system with the National Centers for Environmental
Prediction (NCEP), the development of the ADAS and ODAS for NASA applications, especially
with a focus on assimilation of satellite data, the development of associated diagnostic tools, and
the development of the next generation atmospheric and ocean analysis systems.

Highest gverall priorities for this peried: (i) suppori updating ihe GMAD Operarional System
10 u dd-ensemble-variationa! kvbrid sysiem. and (1i) suppori bringing the coupled-AODAS to
paraliel OPS expermiciation

Subtask A: Atmospheric analysis system development

The contractor will contribute to the development and maintenance of the Grid-point Statistical
Interpolation (GSI) system and to the development of its 4-D extension, in collaboration with the
responsible GMAO TR and with NCEP, specifically:

i) Continue overall integration efforts related to the development of the GEOS-5
ADAS. This should include conducting assimilation experiments to exercise the system
and evaluate its performance, with a focus on improving forecast skill and analysis
quality.

ii) Perform ongoing compilation and tuning of GEOS-5-based background error statistics to
improve forecast skill. Thiz cifort is to be conducted in the content of the hybrid
variational-ensemble analysis. Work to modify the software for the background crror
generation te accommuadate termas of o maedel error covariance formulatien for weak
constraint 42V AR. Attention should be given to DTC's so-called gen-be software that



ii)

iv)

s

v}

vi)

provides an enhanced tool for background error covariance generation. Test this by
running with a background error code generated with DTC's software.

Assistin developing the capabulity o calewlate observation-minus-hackground residuals
using a high-resolution background in GEl. The capability sliould permit the
minimization to be donc at resolurions other than the background resolution. The
capability should accommeodate hoth 3d- as well as 4d-anaiysis strategics. Developinent
within G51 should keep in mind the community applicability of the software,

Assist in testing ihe observation ¢rror correlation compuonent in G31 Onee soltware
provided by the TM is shown to work properly. cycling tests should be conducted to
examine the impact of changes in the overall DAS.

Voik on a 4d exteinsion of GSI's ability 10 fix quality control choices in the first outer-
loop to any subsequent loops. Extended capabilty should werk 1a both traditisial and
hyvbrid coniests. This is 1o be done alony the lines of work done in (he pravious year in
the context ol 3d-var. Make sure implemeniation gets embedded within the main

GSI development path (not simply siiting in a separate branch in the repository ).

P

Continue io test GSI's capability to use GGTART zerosols to inflvence radiative fransfer
caleulations in the CRTM. A foilowus to this investigation shoutd be 1o study the inzpact
of greenhiouse gases in CRTM calculaiions (exercising the presentiy availabie ability in
(81, but for the GAAC modal). Some of the testing here should invelve experiinents
over ceriain periods covered by MERRA-2, with comparisons made 1o assess impact of
aerosels and GHG.

vii) Continue to contribuic io the 413VAR svaiem by further improving computational

performance of tangent lncar and adjoint modeis (sce subtash B).

viii) Provide support for continued testing and evaluation of present implementation of the

ix)

ensemble hybrid 3D and 4D capability within GEOS. This should include providing
support to GMAOQ's operational group when inheriting the developers’ implementation of
the hybrid capability. The focus for this period should be in helping evaluate the 4D-ens-
var hybrid extension. Coordination with the effort to implement. test snd evaluaie
traditional 4DV AR should take place at various stages.

Comtinue o identify improvements needed in the system, especially those required for
the assimilation of satellite data streams identified in Task 13 (Satellite Data
Assimilation),

x) Continue development of a GEOS coupled atmosphere-ocean assimilation system

(AODAS). This should be amiong the highest of priotitics withia this overall tusk.
Promwte S8T analysis to a level that can be tested within a parallel operational
experiment. Attention should be given to merge and integration of 88T analvsis in
consideration of 3d-hybnd-variaiions] system: that is, the abiiity o analyse 88T should



be brought into the ensemble Kalwan filter (PukJ’) system. See subiask C for futher
details on the coupled-DAS efior..

xi)  Integrate GEOS diagnostic tools to development scripts used to run experiments with
GMAO DAS. These entail: (a) program for calculating forecast statistics; (b) program for
calculating observation residual statistics; (¢} auviomate visualization of coscmble
statistics incivding ensemble spread. O-hr observation impact, and ensemblz moan
meteorological felds.

xii) Centince to maintain a common software repository to track development and aid
integration. Coordinate, as often as possible, development efforts of GMAOQO and
NCEP/EMC scientists. Make sure GSI changes by GMAO members are passed to NCEP.

xiii)  Provide documentation of the ADAS, and training and support to GMAO scientists in
GSI methodology and the GMAO ADAS to enable GMAO scientists and collaborators to
interact with the system and contribute their own Fortran-90 code in a manner that
conforms to coding practices used in the GMAO.

xiv) Provide support to GMAO Integration and Test (GMAO IT) group for validation and
operational implementation of new system releases. Thorough testing at operational
resolution must be conducted before releasing tag to Operations.

Subtask B: Development and implementation of tangent linear and adjoint models for the
next-generation cubed-sphere dynamical core

The contractor will support the development of applications of the tangent linear and adjoint
medels (TLM and ADM) of the hydrostatic version of the cubed sphere dynamical core. These
applications include 4DV AR, model sensitivity, observation sensitivity and impact, singular
vectors and tracer assimilation as specified by the GMAO Lead Scientist for Assimilation,

The contractor shall perform the following;

(i) Maintain, and upgrade where needed, the ADM and TLM of the cubed-sphere
core, Complete ongoing test strategies for using reduced internal dynamics time steps for
improved efficiency, and optimize check-pointing and re-calculation requirements for
performance in 4DVAR.

(ii) Complete test of upgrades to TLM and ADM moist physical parameterization schemes,
specifically convection and large-scale precipitation,

(iii) Promote upgrades to operational generation of observation impacts (adjoint code),
including revisions in trajectory handling to allow operations to increase resolution of adjoint
integrations.



Subtask C: Ocean data analysis system development and documentation

Particular focus for ODAS development is the initialization of the ocean model used in the
GEOS atmosphere-ocean general circulation model (AOGCM) for global coupled forecasts.
Support will include continued developments to improve the ODAS performance and to
assimilate all relevant observations (as specified by the TM), optimization of code performance,
assimilation tests conducted for model/module evaluation. Support for developments by
collaboration with scientists external to the GMAO will be provided as approved by the TM.

(i) Develop improvements to the GEOS integrated ocean data assimilation system, with focus
on the operational implementation with MOMS and the performance in occan reanalyses and
impacts on short-term climate predictions. Improvements shall focus on covariance
modeling, bias corrections, or other system developments needed for the assimilation of
altimeter data and development of the infrastructure to assimilate remotely sensed sea surface
salinity und sca ice (see below),

(ii) Continue to test and improve the methodology and implementation for high-resolution
versions of the GEOS-5 AOGCM; undertake software developments with HEC accelerator
technology to improve computational performance where appropriate. This aciivity shati take
place in coordination with the overall goal of developing a weakly-coupted AODAS.

(iii) Coordinate with the GMAOQ atmospheric data assimilation group in the implementation of
coupled ocean-atmosphere assimilation, focused on sca surface temperature (SST). ihe
primary goal for this period is to resolve seftware redundancias preveniing GMAQ troin
having a single GCM supporting botk atmosphere-oinly and atmospherc-ncean endeavors,
The diurnal-layer developed under the ammospheric model shall be brought bt the contexi of
the ceupled-madel.

(iv) Bring GST analysis capubility into the ERKF soliware. Devise mechanismes) for perturbing
58T analysis to generate desirable ensernble spread.

(v) Integeate the Miami wave model imo the eoupied-rmodet, Work to develop a sea-spiay
parameterizaiion coordinating with the GMAC Actosal group.

(vij Evaluate and continue to improve the sea-ice assimilation capability that assimilates sea-ice
concentration and also corrects ocean near-surface temperature and salinity.

(vii) Continue the development of a system to assimilate remotely sensed ocean color.

(viii) Provide support for the development and testing of data assimilation capabilities for the
ocean biology model.



(ix}) Maintain source control for the ODAS under CVS repositories; undertake regular regression
tests for code robustness.

(x) Document the ODAS and system performance in NASA Technical Reports and/or peer-
reviewed publications.

3.0 Special Requirements

None

4.0 Performance/Milestone Schedule

The GMAO Contract Year 4 POP is February 01, 2015 - January 31, 2016
The main milestones for this period are as foliows:

March-April: Provide GMAQ OFS with d-ensvar system fur parallel testing.

June-July: Provide GMAO OPS update that incorporates SST analy«s in both centrai and
enmsemble DAS, This should preferably use the AOGCM ruaning in AGCM-made.

Getober-Novembear: Provide OPS with sbility to have a parallel experiment using a version of
the coupled-ADDAR,

NOTE: The Octover-Novernber upklate depends on the overall decision by GMAO on pricritizs
weluted to model vertival levei changes: this might push the October-November AQDAS update
1o the next period.

5.0 Deliverables/Reporting Requirements

All subtasks will provide software/algorithm documents and user guides in conformance with
GMAQO guidelines as appropriate.

Subtask A:

Optimized GEOS-5 DAS (in terms of both product quality and system efficiency) that is easily
configurable to run on all GMAO-accessible computational platforms; pre- and near-operational
versions of 4D -like stralegy, which can be run efficiently at operational resolution; promote
current prototype configuration of 3d-ensemble variational analysis to operations by spring 2014;
promote 4d-ensemble-var to operations by end of spring 2015, Document system

performance. Report on areas and specific suggestions for code enhancement and code areas
amenable to optimization.

Subtask B:



- Provide necessary support for maintenance of ADM and observation impact tools.
- Provide documentation for TLLM and ADM.
Subtask C:

- Fully merged AOGCM that can be used in both coupled and uncoupled modes (zame soflware,
same compilation; siraple resource fle trigger).

- Documentation of the ODAS in the forie of 4 technical memorandum.
6.0 Other Information Needed for Performance of Task

Five 1-person, 1-week domestic trips.

Two L-person, -week loreign trips:

47th International Liege Collogquium on Ocean Dynamics Marine Environmental Monitoring,
Modelling and Prediction. 1iege, Belgiun

Theorctical aspects of ensemble data assimilstion for the Hacth system, Les Houches, France.

Local travel for training purposes, not to exceed 10 person-days, will be authorized at the request
of the TM or the GMAO Chief.

7.0 Data Rights
N/A
8.0 Safety

Staff on this task will comply with federal, state, local, and center safety regulations. This will be
accomplished through management emphasis, technical training, and personal responsibility.
Staff will participate in safety orientation and training in accordance with the contract Safety and
Health Plan, and work within the requirements of that plan,

9.0 Risk

Contractor shall provide ongeing risk assessment and mitigation in performance of the Task
Order. Priorities shall be re-evaluated as appropriate with the TM. Cost and schedule
performance shall be assessed on a regular basis (no less frequently than monthly) and
significant variations discussed and acted on in consultation with the TM and COTR.

10.0 Proposed Cost and Fixed Fee

In accordance with Paragraph B.5, of the contract, propose the Cost and Fixed Fee amount.



