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Project Director BLACK, ROBERT 
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Closeout Notice Date 28-JUL-1998 
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Effective Completion Date 31-MAR-1998 (Performance) 30-JUN-1998 (Reports) 

Closeout Action: 

Final Invoice or Copy of Final Invoice 
Final Report of Inventions and/or Subcontracts 
Government Property Inventory and Related Certificate 
Classified Material Certificate 
Release and Assignment 
Other 

Y/N 

Y 
Y 
Y 
N 
N 
N 

Date 

Submitted 

20-JUL-1998 

Comments 

Distribution Required: 

Project Director/Principal Investigator Y 
Research Administrative Network Y 
Accounting Y 
Research Security Department N 
Reports Coordinator Y 
Research Property Team Y 
Supply Services Department/Procurement Y 
Georgia Tech Research Corporation Y 
Project File Y 

NOTE: Final Patent Questionnaire sent to PDPI 



FEDERAL CASH TRANSACTIONS REPORT 

| S M i n s t r u c t i o n * o n t h e b e c k . If report m for m o r e t h e n o n e grant or 
e e s i e t e n c e e g r e e m e n t . e t t e c h c o m p l e t e d S t a n d a r d Form 272-A.) 

A p p r o v e d b y O f f i c e of M a n a g e m e n t a n d B u d g e t , N o . 8 0 - R O 1 8 2 

FEDERAL CASH TRANSACTIONS REPORT 

| S M i n s t r u c t i o n * o n t h e b e c k . If report m for m o r e t h e n o n e grant or 
e e s i e t e n c e e g r e e m e n t . e t t e c h c o m p l e t e d S t a n d a r d Form 272-A.) 

1. Federel t p o n e o r i n g a g e n c y and organizat ional e l e m e n t t o w h i c h th is report 
ie s u b m i t t e d 

N A S A - G 0 D D A R D S P A C E F L I G H T C E N T E R 

2 . R E C I P I E N T O R G A N I Z A T I O N 

N a m e : G E O R G I A T E C H R E S E A R C H C O R P O R A T I O N 

G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 

N u m b e r 

a n d S t r e e t : P . O . BOX 1 0 0 1 1 7 

City. S t a t e 
a n d Z I P C o d e : A T L A N T A . G A 3 0 3 8 4 

4 . F e d e r a l g r a n t o r o t h e r i d e n t i f i c a ­
t i o n n u m b e r 

N A G 5 - 2 9 1 9 

6. Recipient's account number or 
identifying number 

G - 3 5 X 6 0 / R 8 4 7 3 - 0 A 0 

2 . R E C I P I E N T O R G A N I Z A T I O N 

N a m e : G E O R G I A T E C H R E S E A R C H C O R P O R A T I O N 

G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 

N u m b e r 

a n d S t r e e t : P . O . BOX 1 0 0 1 1 7 

City. S t a t e 
a n d Z I P C o d e : A T L A N T A . G A 3 0 3 8 4 

6 . Let ter o f c r e d i t n u m b e r 7 . Last payment voucher number 

2 . R E C I P I E N T O R G A N I Z A T I O N 

N a m e : G E O R G I A T E C H R E S E A R C H C O R P O R A T I O N 

G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 

N u m b e r 

a n d S t r e e t : P . O . BOX 1 0 0 1 1 7 

City. S t a t e 
a n d Z I P C o d e : A T L A N T A . G A 3 0 3 8 4 

G i v e t o t a l n u m b e r f o r t h i s p e r i o d 

2 . R E C I P I E N T O R G A N I Z A T I O N 

N a m e : G E O R G I A T E C H R E S E A R C H C O R P O R A T I O N 

G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 

N u m b e r 

a n d S t r e e t : P . O . BOX 1 0 0 1 1 7 

City. S t a t e 
a n d Z I P C o d e : A T L A N T A . G A 3 0 3 8 4 

8 . P a y m e n t V o u c h e r s c r e d i t e d t o 
y o u r a c c o u n t 

9 . Treasury checks received (whether 
or not deposited) 

0 

2 . R E C I P I E N T O R G A N I Z A T I O N 

N a m e : G E O R G I A T E C H R E S E A R C H C O R P O R A T I O N 

G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 

N u m b e r 

a n d S t r e e t : P . O . BOX 1 0 0 1 1 7 

City. S t a t e 
a n d Z I P C o d e : A T L A N T A . G A 3 0 3 8 4 

1 0 . P E R I O D C O V E R E D BY T H I S R E P O R T 

3 . F E D E R A L E M P L O Y E R 

5 8 - 0 6 0 3 1 4 6 

I D E N T I F I C A T I O N N O . 

F R O M I M o n t h , d a y , y e a r ) 

0 4 / 0 1 / 9 5 

T O ( m o n t h , d a y , y e a r ) 

0 6 / 3 0 / 9 5 

1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S e e s p e c i f i c 
i n s t r u c t i o n s 
o n t h e back) 

a . C a s h o n h a n d b e g i n n i n g o f r e p o r t i n g p e r i o d $ 0 . 0 0 

1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S e e s p e c i f i c 
i n s t r u c t i o n s 
o n t h e back) 

b . L e t t e r o f c r e d i t w i t h d r a w a l s 0 . 0 0 

1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S e e s p e c i f i c 
i n s t r u c t i o n s 
o n t h e back) 

c . T r e a s u r y c h e c k p a y m e n t s 0 . 0 0 1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S e e s p e c i f i c 
i n s t r u c t i o n s 
o n t h e back) 

d . T o t a l r e c e i p t s ( S u m o f l i n e s b a n d c ) 0 . 0 0 

1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S e e s p e c i f i c 
i n s t r u c t i o n s 
o n t h e back) 

e . T o t a l c a s h a v a i l a b l e ( s u m o f l ine a a n d d) 0 . 0 0 

1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S e e s p e c i f i c 
i n s t r u c t i o n s 
o n t h e back) 

f. G r o s s d i s b u r s e m e n t s 1 1 , 7 7 1 . 6 1 

1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S e e s p e c i f i c 
i n s t r u c t i o n s 
o n t h e back) 

g . F e d e r a l s h a r e o f p r o g r a m i n c o m e 0 . 0 0 

1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S e e s p e c i f i c 
i n s t r u c t i o n s 
o n t h e back) 

h . N e t d i s b u r s e m e n t s ( L in e f m i n u m l i n e g ) 1 1 . 7 7 1 . 6 1 

1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S e e s p e c i f i c 
i n s t r u c t i o n s 
o n t h e back) 

i. A d j u s t m e n t s o f pr ior p e r i o d s 0 . 0 0 

1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S e e s p e c i f i c 
i n s t r u c t i o n s 
o n t h e back) 

j . C a s h o n h a n d e n d o f p e r i o d $ ( 1 1 , 7 7 1 . 6 1 ) 

1 2 . T H E A M O U N T S H O W N O N LINE 

1 1 J . A B O V E , P R E S E N T S C A S H 

R E Q U I R E M E N T S F O R T H E 

E N S U I N G 0 D*y> 

1 3 . O T H E R I N F O R M A T I O N 1 2 . T H E A M O U N T S H O W N O N LINE 

1 1 J . A B O V E , P R E S E N T S C A S H 

R E Q U I R E M E N T S F O R T H E 

E N S U I N G 0 D*y> 

a . i n t e r e s t I n c o m e $ 
1 2 . T H E A M O U N T S H O W N O N LINE 

1 1 J . A B O V E , P R E S E N T S C A S H 

R E Q U I R E M E N T S F O R T H E 

E N S U I N G 0 D*y> 
b . A d v a n c e s t o s u b g r a n t e e s o r s u b c o n t r a c t o r s $ 

1 4 . R E M A R K S ( A t t a c h a d d i t i o n a l s h e e t s o f p l a i n p a p e r , if m o r e s p a c e i s r e q u i r e d ) 

QUESTIONS CONCERNING THIS REPORT SHOULD BE DIRECTED TO: SYBIL SMALL ( 4 0 4 ) 8 9 4 - 6 7 5 9 

1 5 . CERTIFICATION 

1 c e r t i f y t o t h e b e s t o f m y 
SIGNATURE DATE REPORT SUBMITTED 

k n o w l e d g e a n d b e l i e f t h a t 
t h i s r e p o r t i s t r u e in all r e ­
s p e c t s a n d t h a t all d i s b u r s e ­
m e n t s h a v e b e e n m a d e f o r 

AUTHORIZED 

CERTIFYING 

7 / 1 7 / 9 5 k n o w l e d g e a n d b e l i e f t h a t 
t h i s r e p o r t i s t r u e in all r e ­
s p e c t s a n d t h a t all d i s b u r s e ­
m e n t s h a v e b e e n m a d e f o r TYPED OR PRINTED NAME AND TITLE TELEPHONE (Aree code. 
t h e p u r p o s e a n d c o n d i t i o n s 
o f t h e g r a n t o r a g r e e m e n t 

0 F F I C I A L DAVID V. WELCH. DIRECTOR 
GRANTS AND CONTRACTS ACCOUNTING 

Number, Extension) 
(404) 8 9 4 - 2 6 2 9 

T H I S S P A C E F O R A G E N C Y U S E 

2 7 2 - 1 0 2 STANDARD FORM 2 7 2 (7-76) 
Prescribed by Office of Management and Budget 
Cir. No. A-1 10 



Q-3SK & 

beorgiaiecn 
Georgia Institute of Technology 
190 Bobby Dodd Way 
Atlanta, Georgia 30332-0259 
USA 

Office of Grants and Contracts Accounting 

O c t o b e r 5 , 1 9 9 5 

404.894.4624; 2629 
Fax: 404»894»5519 

NASA GODDARD 
F i n a n c i a l M a n a g e m e n t D i v i s i o n 
A c c o u n t i n g B r a n c h 
M a i l Code 1 5 1 . 3 A 
G r e e n b e l t , MD 2 0 7 7 1 

RE: NASA G r a n t NAG 5 - 2 9 1 9 

D e a r A d m i n i s t r a t o r : 

E n c l o s e d i s t h e F e d e r a l C a s h T r a n s a c t i o n s R e p o r t (SF 272 ) f o r 
C o n t r a c t Number NAG 5 - 2 9 1 9 f o r t h e p e r i o d J u l y 1 , 1 9 9 5 
t h r o u g h S e p t e m b e r 3 0 , 1 9 9 5 . 

I f y o u h a v e a n y q u e s t i o n s o r n e e d a d d i t i o n a l i n f o r m a t i o n , 
p l e a s e c a l l S y b i l S m a l l a t ( 4 0 4 ) 8 9 4 - 6 7 5 9 . 

S i n c e r e l y , 

D a v i d V. We lch 
D i r e c t o r 

DVM/sps 

E n c l o s u r e 

c c : Ms . L a u r a C e d a r q u i s t , EAS, 0 3 4 0 
Ms . M a r i t a M e l a u g h , GTRC, 0 4 1 5 
Ms. Wanda S i m o n , OCA/PAD, 0 4 2 0 
F i l e : G - 3 5 - X 6 0 / R 8 4 7 3 - 0 A 0 

A UNIT OF THE UNIVERSITY SYSTEM OF GEORGIA AN EQUAL EDUCATION AND EMPLOYMENT ONPOMINITV INSTITUTION 

http://404.894.4624


F E D E R A L C A S H T R A N S A C T I O N S R E P O R T 

(SEE INSTRUCTION* ON THE BEAK. IF REPORT IS FOR MORE THEN ONE GRANT OR 

ASSISTANCE AGREEMENT, STTECH COMPLETED STENDARD FORM 2 7 2 - A . ) 

2 . R E C I P I E N T O R G A N I Z A T I O N 

N A M E 

N U M B E R 

A N D STREET 

G E O R G I A T E C H R E S E A R C H C O R P O R A T I O N 

G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 

P . O . B O X 1 0 0 1 1 7 

C I T Y . S T A T E 

A N D Z I P C O D E : A T L A N T A . G A 3 0 3 8 4 

A P P R O V E D B Y O F F I C E O F M A N A G E M E N T A N D B U D G E T , N O . 8 0 - R 0 1 8 2 

1. FEDERAL SPONSORING AGENCY AND ORGANIZATIONS! ELEMENT TO WHICH THIS REPORT 
IE SUBMITTED 

N A S A - G O D D A R D S P A C E F L I G H T C E N T E R 

4 . FEDERAL GRENT OR OTHER IDENTIFICA­
TION N U M B E R 

N A G 5 - 2 9 1 9 

8 . LETTER OF CREDIT N U M B E R 

6 . RECIPIENT'S ACCOUNT NUMBER OR 
IDENTIFYING N U M B E R 

G - 3 5 X 6 0 / R 8 4 7 3 - 0 A 0 

7. LAST PAYMENT VOUCHER NUMBER 

G I V E TOTAL N U M B E R F O R T H I S P E R I O D 

8 . P A Y M E N T V O U C H E R S CREDITED TO 
YOUR ACCOUNT 

1 0 . 

9 . TREASURY CHECKE RECEIVED (WHETHER 
OR NOT DEPOSITED) 

0 
P E R I O D C O V E R E D B Y T H I S R E P O R T 

3 . F E D E R A L E M P L O Y E R 

I D E N T I F I C A T I O N N O . 

5 8 - 0 6 0 3 1 4 6 

F R O M (MONTH, D A Y , YEAR) 

0 7 / 0 1 / 9 5 

T O (MONTH, DAY, YEAR) 

0 9 / 3 0 / 9 5 

1 1 . S T A T U S O F 

F E D E R A L 

C A S H 

( S E E SPECIFIC 
INSTRUCTIONS 
O N THE BECK) 

A . C A S H O N H A N D B E G I N N I N G O F R E P O R T I N G P E R I O D 

B . L E T T E R O F C R E D I T W I T H D R A W A L S 

C . T R E A S U R Y C H E C K P A Y M E N T S 

D . T O T A L R E C E I P T S ( S U M O F L I N E S B A N D C ) 

E . T O T A L C A S H A V A I L A B L E ( S U M O F L I N E A A N D D ) 

F . G R O S S D I S B U R S E M E N T S 

G . F E D E R A L S H A R E O F P R O G R A M I N C O M E 

H . N E T D I S B U R S E M E N T S ( L I N E F M I N U M LINE G ) 

I . A D J U S T M E N T S O F PRIOR P E R I O D S 

J . C A S H O N H A N D E N D O F P E R I O D 

( 1 1 , 7 7 1 . 6 1 ) 

0 . 0 0 

1 1 , 7 7 1 . 6 1 

1 1 , 7 7 1 . 6 1 

0 . 0 0 

6 , 6 0 5 . 6 6 

0 . 0 0 

6 , 6 0 5 . 6 6 

0 . 0 0 

( 6 , 6 0 5 . 6 6 ) 

1 2 . T H E A M O U N T S H O W N O N L I N E 

1 1 J , A B O V E , P R E S E N T S C A S H 

R E Q U I R E M E N T S F O R T H E 

E N S U I N G 

1 3 . O T H E R I N F O R M A T I O N 

A . I N T E R E S T I N C O M E 

B . A D V A N C E S T O S U B G R A N T E E S OR S U B C O N T R A C T O R S 

0 DAYS 

1 4 . R E M A R K S (ATTACH ADDITIONAL S H E E T S OF PLAIN P A P E R , IF M O R E S P A C E IS REQUIRED) 

Q U E S T I O N S C O N C E R N I N G T H I S R E P O R T S H O U L D B E D I R E C T E D T O : S Y B I L S M A L L ( 4 0 4 ) 8 9 4 - 6 7 5 9 

T 5 T C E R T I F I C A T I O N 

I C E R T I F Y T O T H E B E S T O F M Y 

K N O W L E D G E A N D B E L I E F T H A T 

T H I S R E P O R T I S T R U E I N ALL R E ­

S P E C T S A N D T H A T ALL D I S B U R S E ­

M E N T S H A V E B E E N M A D E F O R 

T H E P U R P O S E A N D C O N D I T I O N S 

O F T H E G R A N T O R A G R E E M E N T 

A U T H O R I Z E D 

C E R T I F Y I N G 

O F F I C I A L 

S I G N A T U R E 

T Y P E 0 O R P R I N T E D N A M E A N D T I T L 6 * ' 1 

T H I S S P A C E F O R A G E N C Y U S E 

D A V I D V . W E L C H , D I R E C T O R 

G R A N T S A N D C O N T R A C T S A C C O U N T I N G 

D A T E R E P O R T S U B M I T T E D 

1 0 / 5 / 9 5 

T E L E P H O N E (AREA CODE. 

NUMBER, EXTENSION) 

( 4 0 4 ) 8 9 4 - 2 6 2 9 

2 7 2 - 1 0 2 
S T A N D A R D F O R M 2 7 2 (7-76) 

PRESCRIBED B Y OFFICE OF MANAGEMENT END BUDGET 
CIR. N O . A - 1 1 0 



Georgia Institute of Technology 
190 Bobby Dodd Way 
Adanta, Georgia 30332-0259 
USA 
404«894»4624; 2629 

E , « « ^ Fax: 404»894»5519 J a n u a r y 5 , 1 9 9 6 

NASA GODDARD 
F i n a n c i a l M a n a g e m e n t D i v i s i o n 
A c c o u n t i n g B r a n c h 
M a i l Code 1 5 1 . 3 A 
G r e e n b e l t , MD 2 0 7 7 1 

RE: NASA G r a n t NAG 5 - 2 9 1 9 

D e a r A d m i n i s t r a t o r : 

E n c l o s e d i s t h e F e d e r a l C a s h T r a n s a c t i o n s R e p o r t (SF 272 ) f o r 
C o n t r a c t Number NAG 5 - 2 9 1 9 f o r t h e p e r i o d O c t o b e r 1 , 1 9 9 5 
t h r o u g h D e c e m b e r 3 1 , 1 9 9 5 . 

I f y o u h a v e a n y q u e s t i o n s o r n e e d a d d i t i o n a l i n f o r m a t i o n , 
p l e a s e c a l l S y b i l S m a l l a t (404) 8 9 4 - 6 7 5 9 . 

S i n c e r e l y , 

D a v i d V. W e l c h 
D i r e c t o r 

DVM/sps 

E n c l o s u r e 

c c : Ms . L a u r a C e d a r q u i s t , EAS, 0340 
Ms . M a r i t a M e l a u g h , GTRC, 0415 
Ms. Wanda S i m o n , OCA/PAD, 0420 
F i l e : G - 3 5 - X 6 0 / R 8 4 7 3 - 0 A 0 

A UNIT OF THE UNIVERSITY SYSTEM OF GEORGIA An Equal Education and Employment Opportunity Institution 



FEDERAL CASH TRANSACTIONS REPORT 

( S e e i n s t r u c t i o n e o n t h e b e c k . H report is for m o r e t h e n o n e grant or 
a s s i s t a n c e a g r e e m e n t , e t t e c h c o m p l e t e d S t a n d a r d Form 2 7 2 - A . ) 

A P P R O V E D B Y O F F I C E OF M A N A G E M E N T A N D B U D G E T , N O . 6 6 - F T 0 1 8 2 

FEDERAL CASH TRANSACTIONS REPORT 

( S e e i n s t r u c t i o n e o n t h e b e c k . H report is for m o r e t h e n o n e grant or 
a s s i s t a n c e a g r e e m e n t , e t t e c h c o m p l e t e d S t a n d a r d Form 2 7 2 - A . ) 

1 . Federal s p o n s o r i n g s g e n c y e n d o r g e n i z e t i o n e l e l e m e n t t o w h i c h thie report 
is s u b m i t t s d 

N A S A - G O D D A R D S P A C E F L I G H T C E N T E R 

2 . R E C I P I E N T O R G A N I Z A T I O N 

N a m e : G E O R G I A T E C H R E S E A R C H C O R P O R A T I O N 

G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 

N u m b e r 

a n d STREET : P . O . B O X 1 0 0 1 1 7 

C i t y , S T A T E 

a n d Z I P C O D E : A T L A N T A , G A 3 0 3 8 4 

4 . F e d e r a l g r a n t or o t h e r i d e n t i f i c a ­
t i o n n u m b e r 

N A G 5 - 2 9 1 9 

5 . R e c i p i e n t ' s e c c o u n t n u m b e r or 
i d e n t i f y i n g n u m b e r 

G - 3 5 X 6 0 / R 8 4 7 3 - 0 A 0 

2 . R E C I P I E N T O R G A N I Z A T I O N 

N a m e : G E O R G I A T E C H R E S E A R C H C O R P O R A T I O N 

G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 

N u m b e r 

a n d STREET : P . O . B O X 1 0 0 1 1 7 

C i t y , S T A T E 

a n d Z I P C O D E : A T L A N T A , G A 3 0 3 8 4 

8 . L e t t e r o f c r e d i t n u m b e r 7 . Les t p a y m e n t v o u c h e r n u m b e r 

2 . R E C I P I E N T O R G A N I Z A T I O N 

N a m e : G E O R G I A T E C H R E S E A R C H C O R P O R A T I O N 

G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 

N u m b e r 

a n d STREET : P . O . B O X 1 0 0 1 1 7 

C i t y , S T A T E 

a n d Z I P C O D E : A T L A N T A , G A 3 0 3 8 4 

G I V E TOTAL N U M B E R F O R T H I S P E R I O D 

2 . R E C I P I E N T O R G A N I Z A T I O N 

N a m e : G E O R G I A T E C H R E S E A R C H C O R P O R A T I O N 

G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 

N u m b e r 

a n d STREET : P . O . B O X 1 0 0 1 1 7 

C i t y , S T A T E 

a n d Z I P C O D E : A T L A N T A , G A 3 0 3 8 4 
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1. Introduction 

During the past year we have made substantial progress in our research efforts that employ the 
Goddard EOS-1 assimilated dataset to study the dynamics of seasonal climate and intraseasonal transient 
eddy variability. Our scientific approach focuses on how various dynamical and physical processes 
contribute to budgets of potential vorticity and eddy potential enstrophy with detailed assessments of the 
uncertainties in individual budget components. In this report we summarize the primary accomplishments 
of the first year of the research project. 

2 . Initial Data Processing and Budget Composition 

In our project diagnostic analyses are performed in both isobaric and isentropic coordinates systems. 
Although the assimilated data is readily available on isobaric surfaces, it was necessary to construct an 
analogous isentropic dataset. During the past year we completed an interpolation of the GEOS-1 
assimilated data to isentropic coordinates for six winter seasons (November through March for 1985-
1991). The interpolation was performed every 5 K between 220 and 400 K for all the prognostic and 
primary diagnostic fields. The isentropic dataset is stored in HDF (Hierarchical Data Format) on the 
Unitree system at NASA/GSFC and is now available to other researchers. We have also processed one 
winter of NCEP reanalysis data (November 1985 through March 1986) in an identical manner. These 
data are stored at the NOAA Climate Diagnostics Center. 

To analyze the characteristics of intraseasonal transient eddies in distinct frequency bands it was also 
necessary to construct time-filtered versions of the assimilated datasets, focusing particularly on synoptic 
and low frequency time scales. After initial data processing, we composed the dynamical budgets for 
winter-mean potential vorticity (PV) and transient eddy potential enstrophy, carefully accounting for the 
effects of physical processes such as diabatic heating and turbulent dissipation. By contrasting parallel 
results obtained from GEOS-1 and NCEP reanalyses we obtained measures of the uncertainties in certain 
budget terms. We overviewed our project and presented preliminary results at the Workshop on the 
GEOS-1 Five-Year Assimilation at NASA/GSFC (Black, Dole, and Whitaker 1995, hereafter BDW). 



3 . S e a s o n a l M e a n C i r c u l a t i o n 

We first studied the general characteristics of the diabatic heating fields derived from the GEOS-1 
assimilated data (BDW). In this work, GEOS-1 and NCEP analyses of total diabatic heating were 
compared for the 1985-86 winter season. Although the heating fields from the two analyses are broadly 
similar, there are also several significant differences. Some of the larger differences include a tendency 
for GEOS-1 analyses to have stronger heating over Indonesia and the South Pacific ITCZ, and weaker 
heating in the eastern Pacific ITCZ region and in the North Pacific and North Atlantic storm tracks. 
There are also substantial differences in the vertical distributions of heating, including a tendency for 
heating in the Northern Hemisphere storm tracks to be shallower in the GEOS-1 than in NCEP analyses. 

A comparison of PV budgets, computed in isentropic coordinates for the two reanalysis datasets, has 
been completed. The comparison covers the 1985-86 winter season. The results were presented at the 
Climate Diagnostics Workshop in November 1995 and will appear in the proceedings volume (Wnitaker 
and Loughe 1996). Particular emphasis is placed on terms in the budget associated with tropical diabatic 
heating. The GEOS-1 analysis of diabatic heating was found to imply a stronger poleward isentropic 
mass flux, which in turn implies a much stronger tendency for low-PV tropical air to be exported into 
the extratropics by the isentropic mass circulation. If the difference between the two analyses is used 
as a lower bound on uncertainty, then it appears we can only estimate terms in the PV budget associated 
with tropical diabatic heating to within a factor of two. This highlights some of the present difficulty 
in accurately determining tropical heating rates. Work is underway to extend the analysis to cover the 
entire six winter period, and to assess uncertainties in the i n t e r a n n u a l variability of the PV budget. 

We also have examined aspects of the 1988 heat wave/drought evolution obtained from GEOS-1 
analyses and compared these with observational data derived from the Global Climate Perspectives 
System (GCPS) dataset (a quality-controlled subset of Global Historical Climate Network station data 
available at the Climate Diagnostics Center). Although the broad features of the 1988 drought are 
captured by the GEOS-1 analyses, there are also interesting discrepancies from observations (BDW). For 
example, GEOS-1 is relatively warmer and drier in July, and the corresponding reduction in upward latent 
heat fluxes during this period is significantly larger than indicated by the moisture budget results of (Lyon 
and Dole 1995). We speculate that these differences are connected to the absence of a land-surface 
model in the present analysis scheme, so that changes in evapotranspiration and albedo that occur during 
the drought are not adequately captured in the present model. 

4 . I n t r a s e a s o n a l T r a n s i e n t E d d i e s 

Adopting a PV framework in conjunction with the GEOS-1 assimilated data we have also performed 
local, quantitative assessments of the role of specific dynamical and physical processes in maintaining 
intraseasonal eddy variability. We have diagnosed winter-averaged potential enstrophy analyses for 
distinct classes of intraseasonal transient eddies. Eddy potential enstrophy budgets were constructed from 
the conservation relation governing the time evolution of quasigeostrophic (QG) pseudopotential vorticity 
on a sphere (e.g., Black and Dole 1993). Separate budgets were formulated for bandpass (2.5-6 days) 
and lowpass (10-90 days) transient eddies. Possible enstrophy sources include interactions with the winter 
mean flow, nonlinear interactions among eddies of different frequencies, and distinct contributions from 
latent heating, radiation, and turbulent dissipation. This provides a quantitative assessment of the roles 
of nonlinear and nonconservative processes in maintaining the intraseasonal transient eddy activity. These 
results were also presented at the 1995 Climate Diagnostics Workshop (Black 1996). 



We focused on budgets performed at the 400 mb level as this is the level of maximum eddy potential 
enstrophy. The results are not very sensitive to the precise level chosen, however. For bandpass (BP) 
eddies in the storm track regions there are distinct local conversion of enstrophy from the winter-mean 
flow into the BP eddies. Similarly, for the lowpass (LP) eddies there are substantial positive conversions 
from the winter-mean flow in the vicinity of the two primary local maxima in LP eddy enstrophy. For 
both BP and LP eddies positive enstrophy conversions are largely balanced by a nonlinear enstrophy sink. 

For BP eddies latent heat release provides an additional coherent positive enstrophy source over the 
storm track regions. Over the North Pacific this contribution is of the same order as the conversion 
from the mean flow, itself. This is consistent with the notion that latent heat release plays an important 
role in synoptic-scale processes such as cyclogenesis. Radiative processes were found to be weakly 
dissipative of BP eddy potential enstrophy. Unlike BP eddies latent heating plays a weaker and less 
coherent role in the LP enstrophy budget. Both latent heat release and radiative processes are, on 
average, weakly dissipative of LP eddy enstrophy. Turbulent dissipation of heat and momentum are 
both very weak at the 400 mb level. Uncertainties in individual budget terms, particularly contributions 
from diabatic and frictional processes, are being assessed by extending our analyses in order to contrast 
with similar estimates derived from NCEP/NCAR reanalyses. In addition, we will also determine the 
adequacy of the QG approach by contrasting Ertel and QG formulations of the enstrophy budgets. A 
paper on associated diagnostic techniques (Black 1996) was submitted to the Journal of the Atmospheric 
Sciences last fall. We anticipate additional journal submissions on our research efforts to the Journal 
of Climate and/or Monthly Weather Review. 
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1 . INTRODUCTION 

T H E PRIMARY OBJECTIVE OF OUR RESEARCH IS TO EMPLOY THE G E O S - 1 D A S TO STUDY THE DYNAMICS OF SEASONAL 
CLIMATE AND INTRASEASONAL TRANSIENT EDDY VARIABILITY WITHIN A POTENTIAL VORTICITY FRAMEWORK. OUR SCIENTIFIC 
APPROACH FOCUSES ON THE CONTRIBUTIONS OF VARIOUS PHYSICAL PROCESSES TO BUDGETS OF POTENTIAL VORTICITY AND 
EDDY POTENTIAL ENSTROPHY. A N IMPORTANT ASPECT OF THIS APPROACH IS A DETAILED ASSESSMENT OF THE UNCERTAINTIES 
IN INDIVIDUAL BUDGET COMPONENTS. A SECOND GOAL IS TO USE THE ANALYSIS INCREMENTS OF THE D A S TO STUDY THE 
DYNAMICAL CHARACTERISTICS OF SHORT-TERM SYSTEMATIC ERROR DEVELOPMENT. W E SUMMARIZE THE PRIMARY METHODS 
OF OUR PROJECT AND PRESENT PRELIMINARY ANALYSES RELATED TO THE 1 9 8 8 HEAT/WAVE DROUGHT. 

2 . METHODS 

POTENTIAL VORTICITY ( P V ) BUDGETS ARE CONSTRUCTED FOR THE SEASONAL-MEAN FLOW. BECAUSE FRICTIONAL AND 
DIABATIC SOURCES OF P V CAN BE DIRECTLY DIAGNOSED FROM THE ASSIMILATED DATA, MORE COMPLETE BUDGETS CAN BE 
CONSTRUCTED THAN USING CONVENTIONAL OBSERVATIONAL DATA. DIRECT AND INDIRECT MEASURES OF P V FLUXES ARE USED 
TO DEDUCE ERRORS IN THE P V BUDGET DUE TO SYSTEMATIC ERRORS IN THE DIABATIC HEATING AND FRICTIONAL DISSIPATION 
RATES PARAMETERIZED BY THE D A S . POTENTIAL ENSTROPHY AND P V ANALYSES ARE ALSO PERFORMED FOR INTRASEASONAL 
TRANSIENT EDDIES. OUR SCOPE INCLUDES PHENOMENA RANGING FROM SYNOPTIC-SCALE EDDIES TO LOW FREQUENCY 
ANOMALIES. W E ARE VERY INTERESTED I N DEDUCING THE ROLE OF DIABATIC HEATING I N PRODUCING AND MAINTAINING 
INTRASEASONAL EDDY ACTIVITY, PARTICULARLY CYCLONES AND HEAT WAVE/DROUGHTS. UNCERTAINTIES IN INDIVIDUAL BUDGET 
TERMS ARE ESTIMATED BY COMPARING KEY ASSIMILATED QUANTITIES TO SIMILAR FIELDS DERIVED FROM N O A A N M C 
REANALYSES. THESE FIELDS INCLUDE DIABATIC HEATING, FRICTIONAL DISSIPATION, AND POTENTIAL ENSTROPHY. ANALYSIS 
INCREMENTS ARE USED TO CHARACTERIZE SHORT-TERM FORECAST ERROR I N THE G E O S - 1 D A S . T H E DYNAMICAL IMPACT 
OF SHORT-TERM SYSTEMATIC ERROR DEVELOPMENT IS EXAMINED USING A P V APPROACH. 

3 . RESULTS 

OUR INITIAL RESEARCH HAS FOCUSED ON CHARACTERISTICS OF THE DIABATIC HEATING FIELDS DERIVED FROM THE G E O S - 1 
ASSIMILATED DATA. T W O PROJECTS HAVE BEEN INITIATED, THE FIRST COMPARING DIABATIC HEATING FIELDS OBTAINED FROM 
G E O S - 1 AND N M C REANALYSES, AND THE SECOND COMPARING G E O S - 1 ANALYSES WITH OBSERVATIONAL DATA AND 
DIAGNOSTIC ANALYSES OF THE MAJOR U . S . HEAT WAVE/DROUGHT OF 1 9 8 8 (LYON AND DOLE, 1 9 9 5 , HENCEFORTH L D ) . 

I N THE FIRST PROJECT, G E O S - 1 AND N M C ANALYSES OF TOTAL DIABATIC HEATING ARE COMPARED FOR THE 1 9 8 5 - 8 6 
WINTER SEASON. ALTHOUGH DIE DIABATIC HEATING FIELDS FROM THE TWO ANALYSES (NOT SHOWN) ARE BROADLY SIMILAR, 
THERE ARE ALSO SEVERAL SIGNIFICANT DIFFERENCES. SOME OF THE LARGER DIFFERENCES INCLUDE A TENDENCY FOR G E O S - 1 
ANALYSES TO HAVE STRONGER HEATING OVER INDONESIA AND THE SOUTH PACIFIC T T C Z , AND WEAKER HEATING I N THE 
EASTERN PACIFIC T T C Z REGION AND IN THE NORTH PACIFIC AND NORTH ATLANTIC STORM TRACKS. CROSS SECTIONS (NOT 
SHOWN) ALSO DISPLAY SUBSTANTIAL DIFFERENCES I N THE VERTICAL DISTRIBUTIONS OF HEATING, INCLUDING A TENDENCY FOR 
HEATING I N THE NORTHERN HEMISPHERE STORM TRACKS TO BE SHALLOWER I N THE G E O S - 1 THAN I N THE N M C ANALYSES. 
THESE DIFFERENCES PROVIDE A LOWER BOUND ON THE UNCERTAINTY ON DIABATIC HEATING DISTRIBUTIONS AND, HENCE, 
ON THE UNCERTAINTY I N CORRESPONDING POTENTIAL VORTICITY SOURCES. 

I N THE SECOND PROJECT, WE HAVE EXAMINED ASPECTS OF THE 1988 HEAT WAVE/DROUGHT EVOLUTION OBTAINED FROM 
G E O S - 1 ANALYSES, AND COMPARED THESE WITH OBSERVATIONAL DATA DERIVED FROM THE GLOBAL CLIMATE 
PERSPECTIVES SYSTEM ( G C P S ) DATASET (A QUALITY-CONTROLLED SUBSET OF GLOBAL HISTORICAL CLIMATE NETWORK 
STATION DATA AVAILABLE AT THE CLIMATE DIAGNOSTICS CENTER). PRELIMINARY RESULTS ARE ILLUSTRATED IN F IG . 1 . 



Fig. la shows, for a 4° by 5° box centered over the north-central U.S., time series of monthly-mean 
temperature anomalies from March to August 1988 obtained from GEOS-1 and GCPS, where anomalies 
are defined relative to the respective (GEOS-1 or GCPS) climate means for the period 1985-1992. Though 
the GCPS data show positive temperature anomalies throughout the period, GEOS-1 analyses indicate 
negative anomalies for March and April. Following this time, GEOS-1 anomalies are also positive and, 
in fact, become larger than those derived from the station data in July and August. Time series of 
precipitation anomalies (Fig. lb) show that the GEOS-1 and GCPS anomalies are remarkably similar 
throughout the Spring; thereafter, GEOS-1 tends to have larger negative precipitation anomalies than GCPS, 
particularly in July. Corresponding GEOS-1 evaporation anomalies are quite small through June, but 
become large and negative in July and August. Comparisons with evapotranspiration anomalies derived 
from residuals in the atmospheric moisture budget over roughly the same region (LD) show a fairly similar 
evolution, with the exception of July, during which time the negative evaporation anomalies in GEOS-1 
are substantially larger than those derived from the residual calculations. 

The evolution of evaporation anomalies in GEOS-1 provides support for LD's conclusion that 
surface evapotranspiration anomalies were unlikely to have played a significant role in the early stages of 
the 1988 heat wave/drought, but may have done so at later stages. Fig. lc extends LD's work by using the 
GEOS-1 data to examine the evolution of surface anomalies of net downward short wave radiation fluxes, 
and net upward fluxes of long wave radiation, sensible and latent heat. Throughout the period, anomalies 
in downward short wave fluxes are positive, likely due to reduced cloud cover. These are approximately, 
but not entirely, compensated by positive anomalies in upward long wave fluxes, partly due to reduced 
cloud cover and, at later stages, to anomalously warm surface temperatures. Consistent with the evaporation 
anomalies described above, upward latent heat flux anomalies are quite small through June, and then 
become large and negative later in the summer. The latent heat flux anomalies are approximately balanced 
by positive anomalies in upward sensible heat fluxes. The August anomalies in latent heat fluxes are very 
similar in magnitude to those obtained in LD, who estimated a corresponding anomalous boundary layer 
heating to be about 1° C day"1. The GEOS-1 results therefore support LD in indicating that anomalous local 
boundary conditions likely played a significant role in the later stages of the 1988 heat wave/drought, but 
also add to LD's results by providing quantitative estimates of additional terms in the surface heat budget 

Although the broad features of the 1988 drought are captured by the GEOS-1 analyses, there are also 
interesting discrepancies from observations. For example, GEOS-1 is relatively warmer and drier in July, 
and the corresponding reduction in upward latent heat fluxes during this period is significantly larger than 
indicated by the moisture budget results of LD. We speculate that these differences are connected to the 
absence of a land-surface model in the present analysis scheme, so that changes in evapotranspiration and 
albedo that occur during the drought are not adequately captured in the present model. 

To the extent that there is consistency with observable quantities, the GEOS-1 assimilation dataset 
provides a very exciting opportunity to improve our understanding of processes occurring in major weather 
and climate events, such as the 1988 heat wave/drought. To the extent that there are differences, the results 
are also valuable in suggesting possible directions for improving the current data assimilation system. 

Acknowledgments. We gratefully acknowledge the help of Andy Loughe and Kriste Paine of CIRES 
for their help in acquiring the GEOS-1 and GCPS data and for performing analyses on this project Support 
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Reference. Lyon, B., and R. M. Dole, 1995: A diagnostic comparison of the 1980 and 1988 U.S. 
summer heat wave/droughts. J. Climate, 8, in press. 

Figure legend (see next page). Monthly mean anomalies for March to July 1988 in (a) surface 
temperatures from GEOS-1 and GCPS (units = °C); (b) precipitation (P) from GEOS-1 and GCPS, and 
evaporation (E) and evaporation - precipitation (E - P) from GEOS-1 (units mm day"1); and (c) Net 
downward shortwave radiation, net upward long wave radiation, sensible and latent heat fluxes at the 
surface from GEOS-1 (units W m"2). Line patterns for all terms are shown on the figure. 
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THE MAINTENANCE OF INTRASEASONAL TRANSIENT EDDY ACTIVITY 
IN THE GEOS-1 ASSIMILATED DATASET 

Robert X. Black 
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1. Introduction 
A fundamental question in climate dynamics is precisely how the observed spectrum of intraseasonal transient 

wave activity is maintained. Although past observational studies clearly illustrate the importance of processes such 
as heat and momentum fluxes, scale interaction, and diabatic heating, the limitations of observational datasets have 
made it difficult to quantify the contributions of physical processes such as diabatic heating and frictional 
dissipation. Furthermore, in traditional approaches to eddy budgets (e.g., energetics analyses) regional budgets 
are difficult to implement Adopting a potential vorticity framework in conjunction with the multi-year GEOS-1 
assimilated dataset (GEOS-1 DAS) we perform local, quantitative assessments of the role of specific dynamical 
and physical processes in maintaining intraseasonal eddy variability. 

2. Methods 

We diagnose winter-averaged potential enstrophy analyses for distinct classes of intraseasonal transient eddies. 
Eddy potential enstrophy budgets are constructed from the conservation relation governing the time evolution of 
quasigeostrophic (QG) pseudopotential vorticity on a sphere. Separate budgets are formulated for bandpass (2.5-6 
days) and lowpass (10-90 days) transient eddies. Dividing dependent variables into time-average (overbar) and 
perturbation (primes) components, the general form of these budgets is given by: 

( A - 1 ( ? ) 
— + v • V 

( ? ) 
[at j 1

 2J -y'q' • Vq - q'(y' • Vq') + q'S ' «• q'S (1) 

Where q is the QG pseudopotential vorticity, v is the geostrophic velocity, and S„ and SF are diabatic and frictional 
sources of q, respectively. For seasonal averages (zero tendency) there is a balance among horizontal advection 
by the mean flow, cross-gradient eddy fluxes of q, nonlinear eddy_ interactions, and diabatic and frictional 
scHirces/smks of enstrophy. Following Illari and Marshall (1983), if q = tj(i|r) , then part of the cross-gradient 
eddy flux term simply acts to balance enstrophy advection by die mean flow. Subtracting this component results 
in an equation that is now localized both horizontally and vertically (see Black and Dole 1993 for details): 

A 
5r 

' 7 s 

= " f ^ X " V ? " *Y « V?') + q'Sa' + q'SF' (2) 

(A) (B) (Q (D) 
The new residual cross-gradient eddy flux term (A) represents local conversions from the climatological-mean 

flow into the eddies. In applying (2) to particular frequency bands, interactions among different frequencies will 
be manifested by local nonlinear sources or sinks (B). Term (C) includes separate contributions from latent 
heating, radiation, and turbulent dissipation of heat We apply (2) to 8 winters of the GEOS-1 DAS produced by 
the Data Assimilation Office at NASA/GSFC. The GEOS-1 DAS provides dynamically consistent estimates of 
diabatic heating and frictional dissipation (e.g., Schubert et al. 1993). Using the assimilated data we calculate the 
contributions of the individual terms in .(2). This provides a quantitative assessment of the roles of nonlinear and 
nonconservative processes in maintaining the intraseasonal transient eddy activity. Uncertainties in individual 
budget terms, particularly contributions from diabatic and frictional processes, will be analyzed by comparing our 
results to similar estimates derived from NCEP/NCAR reanalyses. By contrasting Ertel and QG formulations, we 
also aim to assess the adequacy of the QG approach. 
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Fig. 2. Wintertime-mean 400-mb eddy potential enstrophy 
(Contour interval: 6xl010 s"2) and vectors of the total 
eddy flux of pseudopotential vorticity for (a) BP and (b) 
LP transient eddies. Enstrophy magnitudes greater than 
12 (18) units are shaded lighdy in a (b). 

Fig. 3. Wintertime-mean 400-mb pseudopotential vorticity 
(Contour interval: 3x103 S 1 ) and the residual eddy flux 
of pseudopotential vorticity for (a) BP and (b) LP 
transient eddies. Pseudopotential vorticity magnitudes 
greater than 18 units are shaded lighdy. 
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Fig. 4. Potential enstrophy budget components for BP 
transient eddies, (a) Potential enstrophy conversions, (b) 
Latent beating contributions (Contour interval: 3x10 15 s'3). 

Fig. 5. Potential enstrophy budget components for LP 
transient eddies, (a) Potential enstrophy conversions, (b) 
Nonlinear interactions (Contour interval: 5xl0"u s% 



POTENTIAL VORTICITY FLUX DIAGNOSTICS OF THE WINTER MEAN 
CIRCULATION USING TWO REANALYSIS DATASETS 

JEFFREY S . WHITAKER AND ANDREW F . LOUGHE 
C I R E S I UNIVERSITY OF COLORADO, BOULDER, C O 

1 . I N T R O D U C T I O N . 

THE CONSERVATION AND INVERTIBILITY PRINICIPLES FOR POTENTIAL VORTICITY ( P V ) MAKE IT A VERY USEFUL TOOL FOR STUDYING 
BALANCED DYNAMICAL PROCESSES IR. THE ATMOSPHERE. HOWEVER, TO DATE, MOST STUDIES HAVE UTILIZED F V DIAGNOSTICS TO 
STUDY SYNOPTIC TIME SCALE PHENOMENA SUCH AS CYCLOGENESIS. ALTHOUGH THE P V APPROACH IS IDEAL FOR STUDYING THE 
GENERA] CIRCULATION (HOSKINS 1 9 9 1 , HAYNES AND MCLNTYRE 1 9 8 7 ) IT HAS RARELY BEEN ATTEMPTED (TO OUR KNOWLDEGE, 
HOCRLING 1 9 9 2 IS THE ONLY SUCH STUDY). PRESUMABLY, THIS IS BECAUSE NONADVECTIVE TERMS IN THE P V BUDGET ASSOCIATED 
WITH DIABATIC AND FRICTIONAL FORCES ARE ESSENTIAL FOR SUCH STUDIES, AND THESE HAVE BEEN DIFFICULT TO ESTIMATE FROM THE 
PREVIOUS GENERATION OF GLOBAL ANALYSES. NEW ASSIMILATED DAMSETS ARC BEING PRODUCED AT VARIOUS CENTERS WHICH INCLUDE 
ESTIMATES OF UNOBSERVED QUANTITIES SUCH AS DIABATIC HEAFTNG RATES. IN THIS STUDY WE COMPARE SOME ASPECTS OF THE 
WINTER MEAN POTENTIAL VORTICITY BUDGETS COMPUTED WITH ASSIMILATED DATASETS PRODUCED AT THE NATIONAL METEOROLOGICAL 
CENTER ( N M C ) AND IHE N A S A ' S GODDARD SPACE FLIGHT CENTER ( N A S A / G S F C ) . OUR GOAL IS TO ASSESS THE UNCERTAINTIES 
IN THE COMPUTATION OF THE BUDGET, ESPECIALLY THOSE TERMS RELATED TO TROPICAL DIABATIC HEATING RATES. 

2. D A T A A N D A N A L Y S I S M E T H O D S . 

THE DATASETS USED WERE PRODUCED BY THE N A S A ' G S F C G E O S - I AND N M C / N C A R C D A S ASSIMILATION SYSTEMS. 
FOR DETAILED INFORMATION ON THESE SYSTEMS, SEE SCHUBERT ET AL ( 1 9 9 3 ) AND KALNAY ET AL ( 1 9 9 . 3 ) . THE FIELDS USED INCLUDE 
THE MODELS' PROGNOSTIC VARIABLES ON SIGMA LEVELS AS WELL AS PARAMETERIZED QUANTITES, SUCH AS CONVECTIVE DIABATIC 
HEATING RATES AND TURBULENT DISSIPATION RATES. THE G E O S - I DATA ARE PROVIDED ON 2 DEGREE LATITUDE BY 2 .5 DEGREE 
LONGITUDE GRID, ON 2 0 SIGMA LEVELS. THE N M C / N C A R PROGNOSTIC VARIABLES ARE STORED AS T 6 2 SPECTRAL COEFFICIENTS ON 
2 8 SIGMA LEVELS, WHILE THE PARAMETERIZEC FIELDS ARE OUTPUT ON THE CORRESPONDING 1 9 2 X 9 4 GAUSSIAN GRID. ALTHOUGH 
BOTH ANALYSES HAVE BEEN COMPLETED FOR THE PERIOD 1 9 8 5 - 1 9 9 3 , OUR COMPARATIVE ANALYSES HAVE BEEN COMPLETED ONLV FOR 
THE PERIOD DECEMBER 1 9 8 5 • FEBRUARY 1 9 8 6 . 

THERE ARE CERTAIN ADVANTAGES TO VIEWING THE P V BUDGET IN ISENTROPIC COORDINATES. IN PARTICULAR, THE FLUX OF P V 
HAS NO CROSS-ISENTROPIC COMPONENT AND THEREFORE IS PURELY TWO-DIMENSIONAL IN ISENTROPIC COORDINATES EVEN IN THE 
PRESENCE OF DIABATIC AND FRICTIONAL EFFECT (HAYNES AND MCLNTYRE 1 9 8 7 ) . FOR THIS REASON, WE HAVE CHOSEN TO INTERPOLATE 
THE DATA FROM SIGMA TO ISENTROPIC COORDINATES. THE INTERPOLATION WAS PERFORMED LINEARLY IN EXNER FUNCTION FOR ALL 
VARIABLES EXCEPT MONTGOMERY POTENTIAL (WHICH WAS TREATED CAREFULLY TO AVOID CREATED SPURIOUS GRADIENTS ON ISENTROPIC 
SURFACES), AND CONSISTENCY WITH THE VERTICAL DISCRETIZATION OF THE ASSIMILATING MODELS WAS MAINTAINED WHERE POSSIBLE. 
THERE ARE 3 7 LEVELS IN THE ISENTROPIC DATASET, SPACED EVERY 5 K BETWEEN 2 2 0 AND 4 0 0 K . FOR THIS STUDY, WE WILL 
CONSIDER ONLY THOSE ISENTROPIC SURFACES WHICH DO NOT INTERSECT THE EARTH'S SURFACE (THE "MIDDLEWORLD' AND "OVA-WORLD" 
IN THE LEXICON OF HOSKINS 1 9 9 1 ) . 

3 . T H E P V B U D G E T I N I S E N T R O P I C C O O R D I N A T E S . 

THE FLUX FORM OF THE P V EQUATION IN ISENTROPIC COORDINATES IS 

0 ) 

WHERE Q = q IS THE P V , a IS THE ISENTROPIC MASS DENSITY, cQ = £t +f IS THE ISENTROPIC ABSOLUTE 

VORTICITY (OR THE AMOUNT OF P V PER UNIT VOLUME) AND JF IS THE TWO DIMENSIONAL P V FLUX VECTOR GIVEN BY 

DERIVATIVES ARE TAKEN HOLDING 9 CONSTANT. 
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W H E R E T H E O V C R B A X D E N O T E S A T I M E M E A N , T H E P R I M E D E N O T E S A T R A N S I E N T , A N D T H E S U B S C R I P T * Y A N D X D E N O T E ROTATIONAL 

A N D D I V E R G E N T P A N S , R E S P E C T I V E L Y . T A K I N G A T I M E M E A N O F T H E I S E N T R O P I C M A S S C O N T I N U I T Y E Q U A T I O N Y I E L D S 

S O THAT T H E D I V E R G E N T PART O F T H E T I M E M E A N I S E N T R O P I C M A S S F L U X V E C T O R I S D I R E C T L Y R E L A T E D T O D I A B A T I C H E A T I N G , I . E . 

( V C T ) = - V 7 - 2 0 

(5) 
T H E LAST TERRA I N (3) R E P R E S E N T S T H E F L U X O F PV B Y T H E D I V E R G E N T M A S S C I R C U L A T I O N I N I S E N T R O P I C C O O R D I N A T E S T H I S T E R M 

I S C L O S E L Y RELATED T O T H E ' B A R O C L M I C R O S S B Y V * A V E S O U R C E D U E TO D I A B A T I C H E A T I N G " D I S C U S S E D B Y H O E R L I N E •' W>) I N 

THAT P A P E R . H O E R H N G S H O W E D THAT A N A L Y S I S O F T H I S TERM C O N C I S E L Y ILLUSTRATES H O W T R O P I C A L D I A B A T I C H E A T I N G REMOTELY 

I N F L U E N C E S THE M I D - L A U C U D E PV B A L A N C E 6 ; 

I N S E R T I N G ( 3 ) I N T O T H E T I M E M E A N O F ( 1 ) , T A K I N G A Z O N A L M E A N , I N T E G R A T I N G O V E R LATITUDE U S I N G T H E B O U N D A R Y 
C O N D I T I O N S A : THE P O L E S Y I E L D S 

(6) 

W H E R E F I S T H E Z O N A L W I N D T E N D E N C Y D U E TO F R I C T I O N A L F O R C E S , A N D T H E A N G L E B R A C K E T S D E N O T E A Z O N A L M E A N . A N I D E N T I C A L 

RESULT C A N B E O B T A I N E D D I R E C T L Y F R O M THE I S E N T R O P I C Z O N A L M O M E N T U M E Q U A T I O N , S O (6) M A Y B E T H O U E H T O ' A S T H E Z O N A L 

M E A N I S E N T R O P I C Z O N A L M O M E N T U M B U D G E T . 
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F I G . 1 shows the zonal mean diabatic heatine R A T E S for D E C - F R H IQSVSA ^ a . a U U . . . 
systems and interpolated to isentropic ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ """J T 
A N D * 1 figures to follow. T H E two assimilation systems' v ^ ^ J ^ ^ ^ ^ ^ ^ ^ Pr&ducinl « ™ « " " F P C R troposphenc convective h e L g in the tropks and th 

N M C / N C A R system producing S L I G H T L Y stronger radiati ve cooling in the subtropics. 
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F I G U R E 2 : Z O N A L M E A N P O T E N T I A L V O R T I C I T Y ( T H I N S O L I D , C O N T O U R I N T E R V A L 1 . 5 X 1 0 ' 6 mV K K G " 1 ) A N D Z O N A L M E A N 
M E R I D I O N A L D I V E R G E N T M A S S F L U X ( T H I C K E R C O N T O U R S , I N T E R V A L 5 0 R N * 1 S ' 1 K * ' K G ) . 
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February 7, 1997 

Dr. Siegfried D. Schubert 
Data Assimilation Office 
Code 910.3 
NASA - Goddard Space Flight Center 
Greenbelt, MD 20771 

Dear Dr. Schubert 

I have enclosed a copy of the performance report for year two of the NASA Grant NAG 

5-2919 performed jointly with Drs. Jeffrey Whitaker and Randall Dole. I have also enclosed 

copies of associated papers and manuscripts. As outlined in the report, we have made continued 

progress in our research efforts and look forward to the third year of our study of seasonal and 

intraseasonal variability using the GEOS-1 assimilated dataset. I will keep you informed of our 

progress. 

Sincerely, 

Robert X. Black 
Research Scientist II 
Phone: (404) 894-1756 
Fax: (404) 894-5638 
Email: rob.black@eas.gatech.edu 
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