Statement of Work
Associated with

Implementing Arrangement Number 11

Enhancement and Support Services
For the
Advanced Operational Aviation Weather System

subject to the
Agreement
between the

American Institute In Taiwan
and the
Taipei Economic and Cultural Representative Office in the United States
for
Technical Cooperation
associated with
Establishment of Advanced Operational Aviation Weather Systems

1.0 Background and Objectives

The Agreement between the American Institute in
Taiwan (AIT) and the Taipei Economic and Cultural
Representative Office in the United States (TECRO)
provides for technical cooperation between the
University Corporation for Atmospheric Research
(UCAR), as AIT's designated representative, and the
Civil Aeronautics Administration (CAA), as TECRO's
designated representative. UCAR and CAA will
cooperate on the development and establishment of
operational aviation weather systems.

The Advanced Operational Aviation Weather System
(AOAWS) developed by TECRO's designated
representative, CAA, requires up-to-date scientific and
technical components in order to provide a high level
of service to the aviation community on Taiwan. Most
of this science and technology has been developed at
UCAR over the past two decades and has been validated
in operational environments both in the U.S. and in
other countries.

The AOAWS consists of advanced meteorological
sensor systems (at airports and within the Taiwan
airspace), a communications infrastructure, a product
generation component, a system server component that
distributes products, and product displays that present
the advanced weather information to end users. The
AOAWS system components have been integrated to
form an operational, turn-key system that serves the
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aviation community. In 2006, a multiyear AOAWS
enhancement program began and the enhanced version
is now referred to as the AOAWS-ES.

UCAR, as AIT’s designated representative, will provide
the necessary technology to TECRO and its designated
representative, CAA, required to enhance and support
the AOAWS-ES system from AIT's designated
representative, UCAR, as defined herein.

2.0 Task Descriptions

2.1 Task #1 — System Implementation, Support and
Maintenance Services

System administration and software engineering
support and maintenance will be provided for the
installed AOAWS-ES system (Version 6.x) during
2008. AOAWS-ES components are located at the
Taipei Aeronautical Meteorological Center (TAMC),
the Songshan Airport (SS) Weather Station and Flight
Information Service (FIS), Taiwan Taoyuan International
Airport (TTA) Weather Station’s Observation facility
and Radar Facility, and FIS, Kaohsiung Airport (KH)
Weather Station and Flight Information Service (FIS),
and the Taipei Area Control Center (TACC).

Defects in the AOAWS-ES System software that arise
or develop during this period will be addressed and
resolved by AIT’s designated representative, UCAR.
The Institute for Information Industry (IIT) will support
UCAR with this work. Support and maintenance
services cover only software components of the
AOAWS-ES. Support and maintenance services for
hardware, communication network links, and network
components used by the AOAWS-ES that are operated
by local telecommunications companies and/or the
CAA, TECRO's designated representative, are not
covered under this Implementing Agreement. However
AIT’s designated representative, UCAR, will assist
the CAA in troubleshooting hardware and network
problems.

TECRO's designated representative, CAA, is responsible
for running the AOAWS-ES system. AIT’s designated
representative, UCAR, will respond as appropriate
to help the CAA ensure that the AOAWS-ES system
serviceability level remains consistently high. Technical
points of contact for UCAR and III staff members for
support and maintenance services will be provided to

2R ORFE o ¥ A22006E B 4nie 7
AOAWS ik siig it 3+ d » T fLE
AOAWS-ES /% %t o

TECRO = # 45 %% & % % dng
hoo #-d ATTZ 43 % % % UCAR >
Rt T S R
AOAWS-ES i 2. °

2.0 “¥e=A B HWA

21 THEAB#L - 245847 18
R FERF

2008 & H B 3% &8 (7 ¢
AOAWS-ES % 5L (% 6.x5%) 2. & 5t
RS B S R A Q1 g
P 5 AOAWS-ES# 48 ~ 2 & %3¢
LR e A RN NI AR
L F % s ek iR o
FIRZ B3 2 FH BT § % o B
FoMBlRTF Ao TR ITEEE
(AAUEST ISR e A S
R RS T EREE T
rgﬁ:v]t‘ N

BE G o o AlT Sy 2t 4

UCAR#¥-¢ rd® 2 2 - AOAWS-ES
g A AP RAOEWEE T
g (D) » #4284 UCARR = 4+ 1

T B e A AR HEIRI R
&I AOAWS-ESehgi 4 ~ & o

RH AN GEHRE AR ¢ 3

AOAWS-ES e £ 47 % 2 41 4§ ~

WA pERfrE X2 A EER
e TEARLETEE DTS
7 & £ TECRO:dy 2% £ 2 % 4
ZhETHEDS S R §FAMS
Bl 3 4 > UCARK®-¢ & 4

FLEA RO Sy B E ORRAPEE o

TECRO sy &% & X * 4z b f
—?P%AOAWS-ES Jh SLEE T s AlTeh
dh LN A UCAR M i 3f = e L
%4 TECRO &g T 4 [ % #7
B U FE RAOAWS-ES- X3
k #pRFE - UCARZ III» ¢ 4% & 2
FELT - B AR IR



the CAA.

In addition to the support and maintenance work referred
to above, UCAR will install the AOAWS-ES Version 7.x,
which will include the functionality of the AOAWS-ES
Version 6.x plus the new components to be developed
during 2008.

Specifically, the following sub-tasks will be carried
out for the System Implementation, Support and
Maintenance task during 2008:
* Provide general assistance to the CAA in
operating the AOAWS including assisting the
CAA with any new hardware installation and
network configuration changes. UCAR will be
responsible for any operating system upgrades to
the AOAWS hosts.

* Provide assistance to the CAA in troubleshooting
problems with the AOAWS-ES Version 6.x and
Version 7.x, if and when they occur.

e Support and maintain installed AOAWS-ES
Version 6.x software.

» Install, test and support AOAWS-ES Version 7.x.

e Correct AOAWS-ES Version 6.x and Version 7.x
defects, if any that may arise.

Resources Required:

'Staff:

System installation, maintenance and
client support (29 person-weeks) (III) US$ 74,000

Software engineering (4 person-

weeks) (UCAR) US$ 21,000
Travel:

1 trip @ 1-week US$ 10,000
Task # 1 Total US$ 105,000

' All manpower values are given as person-weeks. Costs reflect
UCAR’s full loading (for 2008: overhead @ 0.533, benefits @
0.525, the UCAR fee @ 0.03, and computer service charge of
US$6.15 per hour per UCAR manpower hour) and the fully loaded
costs of approved subcontractors.

275
A0 B NPT T T oo

v% T bt iRz A E BER
7+ > UCARM-¢ %2008 # ¥ % %

PFE e > 2 2008F B ok AL
T A3 Mg (v e 5
T A i mIE
o BB R Y ST B AT
AOAWS P chi] {7 2§ 8%
EIE S C LN el R
AOAWSHTe # % % 2
Bk 22 % { o UCARH-§
FAOAWS: # 1F ¥ i Sieh
Ao
o B R H gz B OB
AOAWS-ES % 6.x3 %2 % 7.x
SRV R R A 2GR R R R e
B o
e A EZ MHE T Z ¥ 5
AOAWS-ES ¥ 6.x 5 #ic §% -

o R~ RIEE L HEAOAWS-
ES % 7.x%% °

o 23TAOAWS-ES % 6.x5% %
51X R B A BER o

ARER:

L4

K N
B4R A Q9 )

(FX¢) us$ 74,000

B8 1 AR (4 4 iF)
(ERAF 75+

gEmE) US$ 21,000
14 =% - 3% US$ 10,000

1 e A H#L USS 105,000

1 f’“r"y ﬁ&#;g{é;‘zkﬁ:glg o%w;@

2B 4 (20085 5 0 53.3% i X
# ~52.5% gl ~ 3% SUCARF * -
TAE LR &Y KS$6.15% % T IR
BT SRR S E AR g -



276

2.2 Task #2 — Advanced AOAWS Web-based Display
Systems

Enhancements to the Java-based Multi-dimensional
Display System (JMDS) and the Web MDS (WMDS)
will be developed based on user feedback.

For 2008, the JMDS development team has the
following major tasks: (a) support the Java-based Multi-
dimensional Display System (JMDS) software system;
(b) continue to obtain user feedback on Version 6.x;
(c) add new functionality to the JMDS; and (d) deliver
Version 7.x. Work will also commence in 2008 to
modernize the WMDS graphical user interface. New
WMDS features and functions will be developed based
on user feedback. Table 1 lists specific features and
functions that are to be added to the AOAWS display
systems during 2008. Additional enhancements to the
JMDS will be developed, if resources permit after the
items in Table 1 are completed.

Table 1: New AOAWS Display Functionality for 2008
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JMDS: Develop and implement| UCAR will work with
function that allows users to input|the CAA to define and
an ICAO location ID and the display | demonstrate the functions
center will change to that location. of this new product.

Specifically, the following sub-tasks will be carried
out on the Advanced Web-based Display Systems task
during 2008:

* Support JIMDS Version 6.x.

* Respond to user feedback and as appropriate
provide and develop enhancements to address
issues raised by the users.

» Update JMDS users manual. Provide a link to
this manual from the JMDS.

e Implement, test, release and deliver IMDS
Version 7.x.

Resources Required:

Staff:

Software engineering (38 person-

weeks) (UCAR) US$ 192,000
Software engineering (15 person-

weeks) (III) US$ 39,000
Travel:

2 trips @ 1-week US$ 20,000
Task # 2 Total USS$ 251,000

2.3 Task #3 — Refinement and Implementation of
Improved Icing and Turbulence Products

During 2007, the WRF modeling system became
operational as part of the AOAWS and the AOAWS
icing and turbulence products where ported from the
MMS5 system to the WRF system based on the current
understanding of the configuration and performance
of the WRF system. During 2008, the AOAWS WREF-
based icing and turbulence products will be evaluated
to assess their performance. In addition, the WRF
configuration will change in 2008 and finer grid
resolutions will be generated: (1) 27 km, (2) 9 km,
and (3) 3 km. AIT’s designated representative, UCAR,
will assess the overall performance of the AOAWS
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WRF-based icing and turbulence products as well as
the impact of the new grid spacing. Feedback from
TECRO’s designated representative, CAA, along with
pilot reports will be used to assess the performance of
the icing and turbulence products. Feedback gained
from this evaluation will be used to improve the
performance of the icing and turbulence products.
UCAR will evaluate the size and intensity of the
predicted icing and turbulence regions to determine if
the product is performing as expected. The icing and
turbulence product improvements will be documented
and implemented as part of AOAWS Version 7.x.

Specifically, the following sub-tasks will be carried out
on the Refinement and Implementation of Improved
Icing and Turbulence Products task during 2007:

. Collect and analyze icing and turbulence
products from the AOAWS.
. Evaluate the performance of the AOAWS

WRF-based icing and turbulence products using pilot
reports and CAA feedback.

. Design, develop, and implement icing and
turbulence algorithm improvements.

. Document changes to the icing and turbulence
algorithms.

. Support the enhanced icing and turbulence
products.

Resources Required:

Staft:

Project Scientists (13 person-weeks)
(UCAR)

Task # 3 Total

US$ 70,800
US$ 70,800

2.4 Task #4 — Data and System Testing and
Integration

The most significant data system tasks in 2008 will
involve WRF configuration changes from the 3-domain
configuration with a 45km/15km/Skm grid spacing to
a 3-domain configuration with 27km/9km/3km grid
spacing. These changes will result in data file size and
quantity changes and require changes in downstream
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AOAWS processes. UCAR will provide an assessment
on the data volume and the communication bandwidth
and indicate where system changes may be required.
The AOAWS WAFS-based gridded data product will
be completed in 2007, so the focus in 2008 will be on
developing software to: a) encode the WAFS (non-
gridded) BUFR data, b) convert it to the internal
AOAWS SPBD format, and c) display the WAFS
products on the JMDS display system.

Specifically, the Data and System Testing and
Integration sub-tasks for 2008 include:

* Update AOAWS data distribution processes
to handle the new WRF configuration
(27km/9km/3km) data files.

*  Modify and test the JMDS and WMDS product
generation processes as necessary to handle
WRF configuration changes. This includes
adding icing and turbulence products to domain
1.

* Develop software to ingest ASOS/AWOS data
from Songshan, TIA, and KH Airports.

* Develop software to ingest ACARS data from
AFTN into AOAWS.

¢ Complete and test the WAFS-based products
using BUFR (symbolic) data, convert the BUFR
data to the internal AOAWS SPDB format, and
display the WAFS symbolic products on the
JMDS.

* Refine AOAWS-ES system operator manuals in
PDF format suitable for both printing and on-line
browsing. Provide a link to the manuals from
suitable AOAWS web pages.

Resources Required:

Staff:

Software engineering (27 person-

weeks) (UCAR) US$ 141,400
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Travel: % e
2 trips @ 1-week US$ 20,000 24K & - i % £20,000~
Task # 4 Total USS$ 161,400 1135 P #4-] 2 £ £ 161,400~

2.5 Task #5 — Mesoscale Model Forecast System
Enhancement and Upgrade

A major component of the AOAWS-ES is the numerical
weather prediction (NWP) system upon which the
forecasts are based. A major change occurred during
2006 when the AOAWS weather forecast model MM5
was transferred from running on the VPP5000 HPC
(high performance computer) to the IBM HPC. During
2007, the Weather Research and Forecast (WRF) model
was adopted for operational use and at this time, the
AOAWS began utilizing the WRF model. The WRF-Var
data assimilation system was also implemented as part
of the WRF system.

During 2008, the modeling team of AIT’s designated
representative, UCAR, will continue to support the
WRF model and work on the development of the WRF-
based modeling system enhancements. The first task
will be to provide support, maintenance, and assistance
to the WRF model development group. This will include
collaboration on model evaluation and resolving model-
related questions. Second, UCAR will assist in the
upgrading of WRF and WRF-Var to more recent release
versions when the schedule for such upgrades permits.
The work will include coordination with the WRF
model development group on software configuration and
troubleshooting problems that arise. A third task is to
examine the impacts of new data types, using WRF-Var,
on model performance. UCAR will coordinate with the
WRF model development group on such analysis and
will make recommendations regarding the incorporation
of the data. UCAR will coordinate with the WRF model
development group both before and during the period
when new data sources are brought into WRF.

Fourth, UCAR will investigate physical process
schemes and parameterizations to determine those
most suitable for the Taiwan region. This will involve
looking at test cases and/or real-time output to better
understand scheme performance. UCAR shall make
recommendations on any schemes identified that
differ from those used operationally. UCAR will not
be able to make a full determination of the optimal
physical schemes until the system is running routinely
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and several case studies have been captured. UCAR
expects to be able to make an informed decision for this
optimization process in the fourth quarter of 2008.

UCARs fifth task will be to modify the AOAWS model
display system based on user feedback. This will include
modifying graphics and products as necessary in light of
the CAA’s use of the WRF output. The final modeling
task will be to port the AOAWS tropical cyclone
bogussing scheme to the WRF system.

The following sub-tasks will be carried out for the
Mesoscale Model Forecast System Enhancement and
Upgrade task during 2008:
Provide assistance to maintain the operational
WRF model, including addressing problems
reported by CAA personnel.

e Assist in upgrading of WRF and WRF-Var
versions.

« Investigate impacts of new observational data
sources on model using WRF-Var.

* Investigate model physical process schemes and
parameterizations for the Taiwan region and
generate recommendations.

* Modify model display system based on user
feedback.

*  Port AOAWS tropical cyclone bogus scheme to
the operational WRF.

Resources Required:

Staff:

Software engineering (12 person

weeks) (UCAR) US$ 28,000
Modeling Scientists (62 person-

weeks) (UCAR) USS$ 240,800
Travel:

2 trips @ 1 week each US$ 20,000
Task # 5 Total US$ 288,800

2.6 Task #6 — Project Management, Document
Preparation, Training Facilitation
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The following sub-tasks will be carried out by the
project management team during 2008:

» Carry out general project management, such as
planning, budgeting, technical consultations with
team members, and tracking progress.

* Prepare monthly and quarterly progress reports.

* Prepare plans for training personnel of TECRO’s
designated representative, CAA, as applicable,
and facilitate the training.

¢ Obtain and review user feedback on the
AOAWS-ES Version 6.x.

» Respond to routine requests from the CAA.

* Administer project sub-contracts.

+ Participate in AOAWS-ES-related meetings.
Some of these tasks will be carried out by the Institute
for Information Industry (III), the sub contractor of
AIT’s designated representative, UCAR, on behalf of
UCAR.

Resources Required:

Staff:

General Project Management (9

person-weeks) (UCAR) US$ 45,000
Taiwan Project Management (8 person

weeks) (I11) US$ 28,000
Travel:

2 trips @ 1 week each USS$ 20,000
Task # 6 Total USS$ 93,000

3.0 Deliverables

AOAWS-ES Quarterly Report #1 15 April 2008
AOAWS-ES Quarterly Report #2 15 July 2008
AOAWS-ES Quarterly Report #3 15 October 2008

AOAWS-ES Quarterly Report #4 1 December 2008
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Draft IA#11 Acceptance Plan 15 July 2008

AOAWS-ES Version 7.x 1 December 2008
Software Release (source code)

AOAWS-ES Version 7.x User 1 December 2008
Manual

AOAWS-ES Version 7.x 1 December 2008
Operator Manual

JMDS Version 7.x Release 1 December 2008
(source code)

WMDS Version 7.x Release 1 December 2008

(source code)
WREF Release (source code) 1 December 2008

Icing and Turbulence Product 1 December 2008
Assessment Report

Year-End Acceptance Meeting 1 December 2008

4.0 Budget Summary

Task #1  System Support and Maintenance $ 105,000

Services

Task #2 Advanced AOAWS Display $ 251,000

Systems

Task #3 Icing and Turbulence Assessment $ 70,800
Task #4 Data and System Integration $ 161,400
Task #5  WRF Model Development $ 288,800
Task #6 Project Management $ 93,000

Implementing Arrangement #11 Contract Total
US$ 970,000
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