
Notes:
The Water Year begins on 
October 1 and ends on 
September 30 of the following 
year. As of October 1, we are in 
the 2003 water year.

‘Average’ refers to arithmetic 
mean of annual data from 1971-
2000.

The data are in degrees 
Fahrenheit (°F).

Departure from average 
temperature is calculated by 
subtracting current data from 
the average and can be positive 
or negative.

These maps are derived by 
taking measurements at 
meteorological stations (at 
airports) and estimating a 
continuous map surface based 
on the values of the 
measurements and a 
mathematical algorithm. This 
process of estimation is also 
called spatial interpolation.

The red and blue numbers 
shown on the maps represent 
individual stations. The contour 
lines and black numbers show 
average temperatures.

Highlights: The 2002-2003 water year began on October 1, 2002; temperature shown in Figures 1a-b are based on 
the first 16 days of the new water year. Temperatures for the new water year and for the previous 28-days (Figures 1a 
and 1c) have been much closer to average in southern Arizona and New Mexico than during previous months but 
remain below average in parts of northern Arizona and New Mexico.  In the past 28 days, average temperatures have 
cooled by about 10°F in the Southwest. Phoenix and southwestern Arizona continue to stand out in the region for 
having the most above average temperatures for the period.

For these and other maps, visit: http://www.wrcc.dri.edu/recent_climate.html

For information on temperature and precipitation trends, visit: http://www.cpc.ncep.noaa.gov/trndtext.htm

1a.  Water year '02-'03 (through 10/16) departure from average

       temperature (°F).
1b.  Water year '02-'03 (through 10/16) average temperature (°F).

1c.  Previous 28 days (9/19 - 10/16) departure from average

       temperature (°F).

1d.  Previous 28 days (9/19 - 10/16) average temperature (°F).
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1. Recent Conditions: Temperature (up to 10/16/02) Source: Western Regional Climate Center
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H
ighlights:A

lthough w
e are only at the beginning of the new

 w
ater year, precipitation in our region is already 

(and still!) below
 average (Figure 2a). M

uch of A
rizona and N

ew
 M

exico has received either less than an inch or 
zero precipitation in the past 28 days (Figure 2d). Last m

onth, sum
m

er rainfall brought relief to northeastern 
A

rizona and northern N
ew

 M
exico. Both A

rizona and N
ew

 M
exico experienced m

uch w
etter conditions, 

com
pared to the 1971-2000 average for Septem

ber. H
ow

ever, this m
onth, these regions return to deficit status. 

A
reas in southernm

ost A
rizona and N

ew
 M

exico continue to experience the largest deficits in precipitation.

For these and other m
aps, visit: http://w

w
w

.w
rcc.dri.edu/recent_clim

ate.htm
l

N
otes:

The W
ater Y

ear begins on 
O

ctober 1 and ends on 
Septem

ber 30 of the follow
ing 

year. A
s of O

ctober 1, w
e are in 

the 2003 w
ater year.

‘A
verage’ refers to the 

arithm
etic m

ean of annual data 
from

 1971-2000.

The data are in inches of 
precipitation. N

ote: T
he scales 

for Figures 2b &
 2d are non-

linear.

D
eparture from

 average 
precipitation is calculated by 
subtracting current data from

 
the average and can be positive 
or negative.

These m
aps are derived by 

taking m
easurem

ents at 
m

eteorological stations (at 
airports) and estim

ating a 
continuous m

ap surface based 
on the values of the 
m

easurem
ents and a 

m
athem

atical algorithm
. This 

process of estim
ation is also 

called spatial interpolation.

The red and blue num
bers 

show
n on the m

aps represent 
individual stations. The contour 
lines and black num

bers show
 

average precipitation.
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N
otes:

The U
.S. D

rought M
onitor is 

released w
eekly (every 

Thursday) and represents data 
collected through the previous 
Tuesday. This m

onitor w
as 

released on 10/17 and is based on 
data collected through 10/15 (as 
indicated in the title).

The best w
ay to m

onitor drought 
trends is to pay a w

eekly visit to 
the U

.S. D
rought M

onitor 
w

ebsite (see left and below
).

The U
.S. D

rought M
onitor m

aps 
are based on expert assessm

ent 
of variables including (but not 
lim

ited to) PD
SI, soil m

oisture, 
stream

flow
, precipitation, and 

m
easures of vegetation stress, as 

w
ell as reports of drought 

im
pacts. 

H
ighlights:C

om
pared to a m

onth ago, the drought designation for m
uch of A

rizona and N
ew

 M
exico rem

ains unchanged; m
oderate to exceptional 

drought conditions persist over the entire region due to m
inim

alsum
m

er and early fall precipitation. H
ow

ever, the arealextent of “exceptional” 
drought conditions in northern A

rizona has dim
inished som

ew
hat; note that som

e parts of the area have been dow
ngraded to “extrem

e.” A
gricultural 

drought im
pacts continue to affect A

rizona and N
ew

 M
exico. H

ydrological im
pacts are also im

portant in northern parts of both states and w
ildfire 

danger is present in w
estern A

rizona.  

Anim
ations of the current and past w

eekly drought m
onitor m

aps can be view
ed at: http://w

w
w

.drought.unl.edu/dm
/m

onitor.htm
l

3. U
.S. D

rought M
onitor (10/15/02)

C
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4. D
rought: R

ecent D
rought Status D

esignation for N
ew

 M
exico

Notes:The N
ew

 M
exico drought m

ap above, provided by the N
ew

 M
exico N

atural R
esource C

onservation Service (N
M

N
R

C
S), has not been updated 

since Septem
ber 12, 2002 and is the sam

e m
ap as the one provided

in the Septem
ber EN

D
 Insight packet. A

n updated N
ew

 M
exico D

rought M
ap w

ill be 
available on the N

M
N

R
C

S w
eb site (http://w

w
w

.nm
.nrcs.usda.gov/snow

/D
efault.htm

) by O
ctober 30. W

e w
ere unable to determ

ine if the A
rizona 

D
ivision of Em

ergency M
anagem

ent (A
D

EM
) had updated the A

rizona drought m
ap from

 the m
ost recent one obtained (M

ay 31, 2002) and, therefore, 
the A

rizona m
ap w

as again not included. The A
D

EM
 m

ap can be obtained by contacting M
att Parks at A

D
EM

 at (602) 392-7510.

The N
ew

 M
exico m

ap currently is produced m
onthly, but w

hen near-norm
al conditions exist, it is updated quarterly. The

A
rizona drought declaration 

m
ap, a recent product of the A

D
EM

, is not yet produced on a regular basis.

L
E

G
E

N
D

N
o

rm
a

l

A
d

v
is

o
ry

 D
ro

u
g

h
t

A
le

rt:  M
ild

 D
ro

u
g

h
t

W
a

rn
in

g
:  M

o
d

e
ra

te
 D

ro
u

g
h

t
E

m
e

rg
e

n
c
y
: S

e
v
e

re
 D

ro
u

g
h

t

S
o

u
rc

e
:  N

M
 N

a
tu

ra
l R

e
s
o

u
rc

e
s
 C

o
n

s
e

rv
a

tio
n

 S
e

rv
ic

e
 (2

0
0

2
)

N
o
te

:  N
M

 m
a
p
 is

d
e
lin

e
a
te

d
 b

y clim
a
te

 zo
n
e
s.

N
e

w
 M

e
x
ic

o
 D

ro
u

g
h

t M
a

p

D
ro

u
g

h
t S

ta
tu

s
 a

s
 o

f S
e

p
te

m
b

e
r 1

2
, 2

0
0

2

N
o
t U

p
d
a
te

d
 F

ro
m

 L
a
s
t E

N
D

 P
a
c
k
e
t

N
o
t U

p
d
a
te

d
 F

ro
m

 L
a
s
t E

N
D

 P
a
c
k

C
L
I
M
A
S



5
a

.  C
u

rre
n

t w
e

e
k
ly

 P
a

lm
e

r D
ro

u
g

h
t S

e
v
e

rity
 In

d
e

x
 (P

D
S

I),

       fo
r th

e
 w

e
e

k
 e

n
d

in
g

 1
0

/1
2

/0
2

 (a
c
c
e

s
s
e

d
 1

0
/1

7
/0

2
).

5
b
.  P

re
c
ip

ita
tio

n
 n

e
e
d
e
d
 to

 b
rin

g
 c

u
rre

n
t w

e
e
k
ly

 P
D

S
I a

s
s
e
s
s
m

e
n
t

       to
 'n

o
rm

a
l' s

ta
tu

s
, fo

r th
e
 w

e
e
k
 e

n
d
in

g
 1

0
/1

2
/0

2
 (a

c
c
e
s
s
e
d
 1

0
/1

7
).Z

e
ro

 in
c
h

e
s

T
ra

c
e

 to
 3

 in
c
h

e
s

3
 to

 6
 in

c
h

e
s

6
 to

 9
 in

c
h

e
s

9
 to

 1
2

 in
c
h

e
s

1
2

 to
 1

5
 in

c
h

e
s

O
v
e

r 1
5

 in
c
h

e
s

-n
o
 d

a
ta

-

-n
o
 d

a
ta

-

-4
.0

 o
r le

s
s

(e
x
tre

m
e

 d
ro

u
g

h
t)

-3
.0

 to
 -3

.9

(s
e

v
e

re
 d

ro
u

g
h

t)

-2
.0

 to
 -2

.9

(m
o

d
e

ra
te

 d
ro

u
g

h
t)

-1
.9

 to
 +

1
.9

(n
e

a
r n

o
rm

a
l)

+
2

.0
 to

 +
2

.9

(u
n

u
s
u

a
l m

o
is

t s
p

e
ll)

5. PDSI M
easures of R

ecent Conditions (through 10/12/02)
Source: N

O
AA C

lim
ate Prediction C

enter

N
otes:

The PD
SI (Palm

er D
rought 

Severity Index) attem
pts to 

m
easure the duration and intensity 

of long-term
 conditions that 

underlie drought.

‘N
orm

al’ on the PD
SI scale is 

defined as am
ounts of m

oisture 
that reflect long-term

 clim
ate 

expectations.

A
rizona and N

ew
 M

exico are 
divided into clim

ate divisions. 
C

lim
ate data are aggregated and 

averaged for each division w
ithin 

each state. N
ote that clim

ate 
division calculations stop at state 
boundaries.

These m
aps are issued w

eekly by 
the N

O
A

A
 C

PC.

H
ighlights:PD

SI values rem
ain virtually unchanged for som

e parts of N
ew

 M
exico and A

rizona, com
pared to last m

onth (Figure 5a). H
ow

ever, conditions 
in southeastern A

rizona have w
orsened, resulting in “extrem

e” m
eteorological drought status. N

ew
 M

exico continues to show
 im

provem
ent, w

ith conditions 
in the north-central part of the state dow

ngraded to “severe” from
 “extrem

e” drought status. M
ost of N

ew
 M

exico is experiencing near-norm
al conditions and 

even positive PD
SI values for parts of the R

io G
rande valley. R

io G
rande w

ater levels, how
ever, rem

ain below
 average, due to dry

conditions in its 
headw

aters to the north.  Figure 5b show
s that all of A

rizona continues to require an extraordinary am
ount of precipitation to bring our drought status back to 

norm
al w

ithin one w
eek. M

uch of N
ew

 M
exico, how

ever, is already at “norm
al” status and does not require additional precipitation

to rem
ain at near-norm

al 
m

eteorological drought status.

For a m
ore technical description of PD

SI, visit: http://w
w

w
.cpc.noaa.gov/products/analysis_m

onitoring/cdus/palm
er_drought/ppdanote.htm

l

For inform
ation on drought term

ination and am
elioration, visit: http://lw

f.ncdc.noaa.gov/oa/clim
ate/research/drought/background.htm

l
C
L
I
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Notes:R
eservoir reports are updated m

onthly and are provided by the N
ational W

ater and C
lim

ate C
enter of the U

.S. D
epartm

ent of A
griculture’s 

N
atural R

esource C
onservation Service. R

eports can be accessed at their w
ebsite (http://w

w
w

.w
cc.nrcs.usda.gov/w

ater/reservoir/resv_rpt.htm
l). 

A
rizona’s report w

as updated through the end of Septem
ber, as of10/17/02.

H
ighlights:N

ot surprisingly, reservoir levels in A
rizona continue to be below

 average and low
er than last year at this tim

e. A
ll reservoirs are below

 
capacity, although the dam

 lakes in northw
estern A

rizona are notas badly affected as the other basins. C
om

pared to last m
onth, reservoir levels 

continue to decline and w
ill not begin to im

prove until fall and
w

inter precipitation begins. 

6. Arizona R
eservoir Levels (through end of Septem

ber 2002)
Source: U

SD
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Notes:R
eservoir reports are updated m

onthly and are provided by the N
ational W

ater and C
lim

ate C
enter of the U

.S. D
epartm

ent of A
griculture’s 

N
atural R

esource C
onservation Service. R

eports can be accessed at their w
ebsite (http://w

w
w

.w
cc.nrcs.usda.gov/w

ater/reservoir/resv_rpt.htm
l). 

N
ew

 M
exico’s report w

as updated through the end of Septem
ber, asof 10/17/02.

H
ighlights: Sim

ilar to A
rizona, N

ew
 M

exico reservoir levels continue to be below
 average although levels at a few

 reservoirs in the R
io G

rande Basin 
are higher than last year at this tim

e. Im
provem

ents in reservoir levels w
ill not occur until fall and w

inter precipitation is recieved.

7. N
ew

 M
exico R

eservoir Levels (through end of Septem
ber 2002)

Source: U
SD
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8. Tem
perature: M

onthly (N
ov.) and 3-M

onth (N
ov ’02 -Jan. ‘03) O

utlooks
Source: N

O
AA C

PC

N
otes:

The N
O

A
A

 C
PC (N

ational O
ceanic and A

tm
ospheric A

dm
inistration 

C
lim

ate Prediction C
enter) outlooks predict the “excess” likelihood 

(chance) of above average, average, and below
 average tem

perature, 
but notthe m

agnitude of such variation. The num
bers on the m

aps do 
notrefer to degrees of tem

perature.

In a situation w
here there is no forecast skill, one m

ight look at 
average

conditions in order to get an idea of w
hat m

ight happen. 
U

sing past clim
ate as a guide to average conditions and dividing

the 
past record into 3 categories, there is a 33.3%

 chance of above 
average, a 33.3%

 chance of average, and a 33.3%
 chance of below

 
average tem

perature.

Thus, using the N
O

A
A

 C
PC excess likelihood forecast, in areas w

ith 
light brow

n shading (0-5%
 excess likelihood of above average) there 

is a 33.3-38.3%
 chance of above average, a 33.3%

 chance of average, 
and a 28.3-33.3%

 chance of below
 average tem

perature.

The term
 average

refers to the 1971-2000 average. This practice is 
standard

in the field ofclim
atology.

C
lim

atology
(C

L) indicates areas w
here reliability (i.e., the ‘skill’) of 

the forecast is poor and no prediction is offered.

These forecasts are based on a com
bination of factors, including

the 
results of statistical m

odels, m
oderate El N

iño conditions, and long-
term

 trends.

H
ighlights:The C

PC
 tem

perature outlook for N
ovem

ber (Figure 8a) and for the next three m
onths (N

ovem
ber–January; Figure 8b) indicates increased 

probabilities of above average-tem
peratures for northern areas of the U

nited States. W
hile no forecast (“C

L”) is m
ade for the Southw

estern U
nited States 

for N
ovem

ber or for N
ovem

ber through D
ecem

ber, this is no assurance that tem
peratures are likely to be “average.”

Indeed, for the past 28 days (Figure 
1c), A

rizona and N
ew

 M
exico have experienced w

arm
er than average

conditions in the south and cooler than average conditions in the north. These 
predictions are based chiefly on long-term

 tem
perature trends in our region, along w

ith results of statistical m
odels. N

O
A

A
 C

PC
 clim

ate outlooks are 
released on the Thursday, betw

een the 15
thand 21

stof each m
onth.

For m
ore inform

ation, visit:
http://w

w
w

.cpc.ncep.noaa.gov/products/predictions/m
ulti_season/13_seasonal_outlooks/color/churchill.htm

l
Please note that this w

ebsite has m
any graphics and m

ay load slow
ly on your com

puter.
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9. Tem
perature: M

ulti-season O
utlooks

Source: N
O

AA C
lim

ate Prediction C
enterN

otes:
The N

O
A

A
 C

PC (N
ational O

ceanic 
and A

tm
ospheric A

dm
inistration 

C
lim

ate Prediction C
enter) outlooks 

predict the “excess” likelihood 
(chance) of above average, average, 
and below

 average tem
perature, but 

notthe m
agnitude of such variation. 

The num
bers on the m

aps do not
refer to degrees of tem

perature.

In a situation w
here there is no 

forecast skill, one m
ight look at 

average
conditions in order to get an 

idea of w
hat m

ight happen. U
sing 

past clim
ate as a guide to average 

conditions and dividing the past 
record into 3 categories, there is a 
33.3%

 chance of above average, a 
33.3%

 chance of average, and a 
33.3%

 chance of below
 average 

tem
perature.

Thus, using the N
O

A
A

 C
PC excess 

likelihood forecast, in areas w
ith light 

brow
n shading (0-5%

 excess 
likelihood of above average) there is 
a 33.3-38.3%

 chance of above 
average, a 33.3%

 chance of average, 
and a 28.3-33.3%

 chance of below
 

average tem
perature.

The term
 average

refers to the 1971-
2000 average. This practice is 
standard

in the field ofclim
atology.

C
lim

atology
(C

L) indicates areas 
w

here reliability (i.e., the ‘skill’) of 
the forecast is poor and no prediction 
is offered.

H
ighlights:The C

PC
 tem

perature outlooks for D
ecem

ber 2002-M
ay 2003 show

 increased probabilities of above-average 
tem

peratures for m
ost of the northern U

nited States in the w
inter and early spring (Figures 9a-b). The area of increasingly 

probable above-average tem
peratures becom

es concentrated on the w
estern U

nited States as spring begins (Figures 9c-d). 
Springtim

e conditions in the southeastern U
nited States have an increased probability of below

-average tem
peratures. For the 

Southw
est, the late w

inter and spring show
 increased probabilities of above-average tem

peratures, especially in A
rizona (Figures 

9c-d). N
o prediction (“Clim

atology”) is offered for m
uch of the region until January and even into February for N

ew
 M

exico. 
These predictions are based on a com

bination of factors, including long-term
 trends, soil m

oisture, and m
oderate El N

iño 
conditions. Long-term

 trends favor higher probabilities of increased tem
peratures, but forecasters have balanced this w

ith the 
tendency for low

er than average tem
peratures in the Southw

est during an El N
iño event. N

O
A

A
 CPC clim

ate outlooks are 
released on the Thursday, betw

een the 15
thand 21

stof each m
onth.

For m
ore inform

ation, visit:
http://w

w
w

.cpc.ncep.noaa.gov/products/predictions/m
ulti_season/13_seasonal_outlooks/color/churchill.htm

l
Please note that this w

ebsite has m
any graphics and m

ay load slow
ly on your com

puter.
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N
otes:

The N
O

A
A

 C
PC (N

ational O
ceanic and A

tm
ospheric A

dm
inistration C

lim
ate 

Prediction C
enter) outlooks predict the “excess” likelihood (chance) of above-

average, average, and below
-average precipitation, but notthe m

agnitude of 
such variation. The num

bers on the m
aps do notrefer to inches of precipitation.

In a situation w
here there is no forecast skill, one m

ight look at average
conditions in order to get an idea of w

hat m
ight happen. U

sing past clim
ate as a 

guide to average conditions and dividing the past record into 3 categories, there 
is a 33.3%

 chance of above-average, a 33.3%
 chance of average, and a 33.3%

 
chance of below

-average precipitation.

Thus, using the N
O

A
A

 C
PC excess likelihood forecast, in areas w

ith light green 
shading (0-5%

 excess likelihood of above average) there is a 33.3-38.3%
 chance 

of above-average, a 33.3%
 chance of average, and a 28.3-33.3%

 chance of 
below

-average precipitation.

The term
 average

refers to the 1971-2000 average. This practice is standard
in 

the field of clim
atology.

C
lim

atology (C
L) indicates areas w

here reliability (i.e., the ‘skill’) of the 
forecast is poor and no prediction is offered.

These forecasts are based on a com
bination of factors, including

the results of 
statistical m

odels, m
oderate El N

iño conditions, and long-term
 trends.

H
ighlights:The C

PC
 has reserved judgm

ent (i.e., “C
lim

atology”) regarding N
ovem

ber precipitation in A
rizona and N

ew
 M

exico (Figure 10a). The 
lack of forecast certainty during the fall reflects the com

plexity of forecasting w
hen m

any factors m
ust be taken into account. In this case, factors include 

not only El N
iño influences but also late fall tropical storm

s and shifts in the jet stream
 track. W

hile the effects of a m
oderate El N

iño on the 
southw

estern U
nited States are uncertain (‘C

L’) for N
ovem

ber, a related increase in the probability of below
-average precipitation for the northw

estern 
U

nited States is indicated (Figure 10a). The probability for above-average precipitation is 33.3-38.3%
 for A

rizona and N
ew

 M
exico for N

ovem
ber 

through January (Figure 10b). Forparts of Texas and Florida, the probabilities are as high as 53.3-63.3%
 for above-average precipitation (Figure 10b). 

For m
ore inform

ation, visit:
http://w

w
w

.cpc.ncep.noaa.gov/products/predictions/m
ulti_season/13_seasonal_outlooks/color/churchill.htm

l
Please note that this w

ebsite has m
any graphics and m

ay load slow
ly on your com

puter.

10. Precipitation: M
onthly (N

ov.) and 3-M
onth (N

ov. ’02 -Jan. ‘03) O
utlooks

Source: N
O

AA C
PC
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11. Precipitation: M
ulti-season O

utlooks
Source: N

O
AA C

lim
ate Prediction C

enterN
otes:

The N
O

A
A

 C
PC (N

ational O
ceanic 

and A
tm

ospheric A
dm

inistration 
C

lim
ate Prediction C

enter) outlooks 
predict the “excess” likelihood 
(chance) of above-average, average, 
and below

-average precipitation, but 
notthe m

agnitude of such variation. 
The num

bers on the m
aps do not

refer to inches of precipitation.

In a situation w
here there is no 

forecast skill, one m
ight look at 

average
conditions in order to get an 

idea of w
hat m

ight happen. U
sing 

past clim
ate as a guide to average 

conditions and dividing the past 
record into 3 categories, there is a 
33.3%

 chance of above-average, a 
33.3%

 chance of average, and a 
33.3%

 chance of below
-average 

precipitation.

Thus, using the N
O

A
A

 C
PC excess 

likelihood forecast, in areas w
ith light 

green shading (0-5%
 excess 

likelihood of above-average) there is 
a 33.3-38.3%

 chance of above-
average, a 33.3%

 chance of average, 
and a 28.3-33.3%

 chance of below
-

average precipitation.

The term
 average

refers to the 1971-
2000 average. This practice is 
standard

in the field ofclim
atology.

C
lim

atology
(C

L) indicates areas 
w

here reliability (i.e., the ‘skill’) of 
the forecast is poor and no prediction 
is offered.

H
ighlights:The effects of a m

oderate El N
iño are indicated by the increased probability of above-average precipitation in the 

southern U
nited States in the w

inter and early spring (Figures 11a-c). The greatest confidence in these predictions is centered 
over central Texas and Florida, w

ith probabilities reaching 63.3-73.3%
 for above-average precipitation. The probabilities for 

above average precipitation in A
rizona and N

ew
 M

exico range betw
een 33.3 and 43.3%

 from
 N

ovem
ber through A

pril. B
y m

id-
spring, no forecast (“C

lim
atology”) is offered for m

ost of the w
estern U

nited States (Figure 11d).These predictions are based 
chiefly on the historical tendency for above-average precipitation in the Southw

est during an El N
iño event. H

ow
ever, El N

iño-
related w

inter precipitation in the Southw
est is highly variable. W

hile m
any high-precipitation w

inters in the Southw
est have 

occurred during El N
iño events, El N

iño also has produced below
-average precipitation in our region. D

ecision m
akers are 

advised to m
onitor the strength of the El N

iño event as it progresses. N
O

A
A

 C
PC clim

ate outlooks are released
on Thursday, 

betw
een the 15

thand 21
stof each m

onth.

For m
ore inform

ation, visit:
http://w

w
w

.cpc.ncep.noaa.gov/products/predictions/m
ulti_season/13_seasonal_outlooks/color/churchill.htm

l
Please note that this w

ebsite has m
any graphics and m

ay load slow
ly on your com

puter.
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N
otes:

The PD
SI (Palm

er D
rought Severity 

Index) attem
pts to m

easure the duration 
and intensity of the long-term

 drought.

‘N
orm

al’ on the PD
SI scale is defined 

as am
ounts of m

oisture that reflect 
long-term

 clim
ate expectations.

The delineated areas in the Seasonal 
D

rought O
utlook are defined 

subjectively and are based on expert 
assessm

ent of num
erous indicators 

including outputs of short-and long-
term

 forecast m
odels.

12. D
rought: PDSI forecast and U

.S. Seasonal D
rought O

utlook
Source: N

O
AA C

PC

H
ighlights:The short-term

 PD
SI forecast (Figure 12a) indicates extrem

e to severe drought conditions for all of A
rizona and north-central N

ew
 M

exico; by 
contrast m

uch of the rest of N
ew

 M
exico is at near-norm

al conditions for this tim
e of year. W

hile the m
iddle R

io G
rande basin in central N

ew
 M

exico 
received good sum

m
er rains, the PD

SI is likely overstating the conditions on the R
io G

rande (green clim
ate division in Figure 12a). The seasonal drought 

outlook (Figure 12b) reflects the relief brought on by sum
m

er precipitation and by expectations of El N
i ño-related precipitation in the late fall and w

inter. 
Even

so, drought conditions are likely to persist, as m
uch of the Southw

est is m
any inches below

 average precipitation for the calendar year.

For m
ore inform

ation, visit:http://w
w

w
.drought.noaa.gov/
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13. N
ational W

ildland Fire O
utlook (valid O

ct. 1–31, 2002) 
Source: N

ational Interagency Fire C
enter

Notes: The N
ational W

ildland
Fire O

utlook (Figure 13) considers clim
ate forecasts and surface-fuels conditions to assess fire potential. It is issued 

m
onthly by the N

ational Interagency Fire C
enter. 

H
ighlights: The high fire danger present in the Southw

est during the sum
m

er m
onths further dim

inished in Septem
ber and is near-norm

al for all of 
A

rizona and N
ew

 M
exico. A

ccording to the Southw
est C

oordination C
enter, w

eather conditions have allow
ed fire m

anagem
ent agenciesto resum

e 
prescribed burning throughout the Southw

est. A
s of O

ctober 17, there w
ere 7 and 10 prescribed burns underw

ay or planned for N
ew

 M
exico and 

A
rizona, respectively, for O

ctober. A
dditional prescribed burns are planned for the spring, contingent upon average or above-average w

inter 
precipitation levels. 

For m
ore detailed discussions, visit the N

ational W
ildland Fire O

utlook w
eb page: http://w

w
w

.nifc.gov/new
s/nicc.htm

l
For m

ore detailed inform
ation on regional fire danger, visit the

Southw
est A

rea W
ildland

Fire O
perations w

eb page: http://w
w

w
.fs.fed.us/r3/fire/
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14. U
.S. H

azards Assessm
ent Forecast

Source: N
O

AA C
lim

ate Prediction C
enter

N
otes:

This hazards forecast is for the period 
O

ctober 18 through O
ctober 29, 2002.

The hazards assessm
ent incorporates 

outputs of N
ational W

eather Service 
m

edium
-(3-5 day), extended-(6-10 

day) and long-range (m
onthly and 

seasonal) forecasts and hydrological 
analyses and forecasts.

Influences such as com
plex topography 

m
ay w

arrant m
odified local 

interpretations of hazards assessm
ents.

Please consult local N
ational W

eather 
Service offices for short-range forecasts 
and region-specific inform

ation.

H
ighlights:The U

.S. H
azards A

ssessm
ent indicates long-term

, persistent drought for A
rizona and for northw

estern N
ew

 M
exico. This m

ap show
s fire 

danger as a continuing threat in w
estern A

rizona. W
esterly w

ind shear (often associated w
ith El N

iño events) is expected to continue to inhibit the 
developm

ent of high-intensity tropical storm
s on the W

est C
oast, as w

e m
ove into the

end of the official hurricane season. 

For m
ore inform

ation, visit: http://w
w

w
.cpc.ncep.noaa.gov/products/predictions/threats

C
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15. Tropical Pacific SST and El N
iño Forecasts

Sources: N
O

AA C
PC

, IR
I

N
otes:

The graph (Figure 15a) show
s sea-surface tem

perature 
(SST) departures from

 the long-term
 average for the 

N
iño 3.4 region (Figure 15b). This isa sensitive indicator 

of EN
SO

 conditions. 

Each line on the graph represents SST departures for 
previous El N

iño events, beginning w
ith the year before 

the event began (Y
r. –1), continuing through the event 

year (Y
r. 0), and into the decay of the event during the 

subsequent year (Y
r. +1). 

This year’s SST departures are plotted as a thick red line. 
The m

agnitude of the SST departure, its tim
ing during 

the seasonal cycle, and its exact location in the equatorial 
Pacific O

cean are som
e of the factors that determ

ine the 
degree of im

pacts experienced in the Southw
est.

The probability of an El N
iño is based on observations of 

sustained w
arm

ing of sea surface tem
peratures (SSTs) 

across a broad region of the eastern and central 
equatorial Pacific O

cean, as w
ell as the results of El N

iño 
forecast m

odels.

H
ighlights:Forecasts by both the International R

esearch Institute for C
lim

ate Prediction (IR
I) and the N

O
A

A
 C

lim
ate Prediction C

enter (C
PC) have 

not changed m
uch since last m

onth. The IR
I concludes, in their O

ctober 16
thforecast, that there is nearly 100%

 probability that El N
iño conditions w

ill 
continue for the rem

ainder of 2002 and into early 2003 and that this w
ill be a m

oderate El N
iño event. The C

PC
 forecast concurs w

ith the IR
I forecast 

and confirm
s that oceanic, atm

ospheric, and m
eteorological indicators of El N

iño conditions have been present during the past m
onth. B

oth the IR
I and 

the C
PC

 caution that the effects of this El N
iño event are expected to be w

eaker than those associated w
ith the

1997–98 El N
iño event, though strong 

im
pacts are still possible in som

e locations. 

For a technical discussion of current El N
iño conditions, visit: http://w

w
w

.cpc.ncep.noaa.gov/products/analysis_m
onitoring/enso_advisory/ 

For m
ore inform

ation about El N
iño and to access the graphics found on this page, visit: http://iri.colum

bia.edu/clim
ate/EN

SO
/
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The Standardized Precipitation Index (SPI) w
as form

ulated in 1993 by Tom
 M

cK
ee, N

olan
D

oesken, and 
John

K
leistof the C

olorado C
lim

ate C
enter. The SPI w

as designed to expressthe fact that it is possible to 
sim

ultaneously experience w
et conditions on one or m

ore tim
e scales and dry conditions at other tim

e scales 
(and vice-versa). C

onsequently, a separate SPI value is calculated for each clim
ate division for a selection of 

tim
e scales, from

 one m
onth to 72 consecutive m

onths, ending on the last day of the latest m
onth.

In calculating an SPI value, the historical “norm
al” (i.e., average) for each tim

e scale listed above m
ust be 

determ
ined first by transform

ing the distribution of the historical data from
 its typical distribution to a 

norm
al, or bell-curve distribution (Figure 16a) using a m

athem
atical function. H

aving data that are norm
ally 

distributed is a prerequisite for statistical operations such ascalculating the SPI. O
nce the data are norm

ally 
distributed, standard deviations (S.D

.) can be used to express the range of values in the distribution. It is this 
concept that is used for the SPI index and color schem

e (Figure 16b). For exam
ple, one S.D

. from
 the m

ean 
(in both directions) represents approxim

ately 68%
 of all observations in a norm

al distribution and tw
o S.D

.’s 
aw

ay from
 the m

ean represents approxim
ately 95%

 of all observations. Thus, the chance of a having an SPI 
value greater than +2 or less than –2 is only 5%

. 

16. The Standard Precipitation Index: A Prim
er and Exam

ples

The SPI is especially useful for com
paring recent conditions to historical conditions and com

paring 
conditions across tim

e scales. Figure 16c show
s SPI values for the m

onth of Septem
ber 2002 and 

Figure 16d show
s SPI values for the 12-m

onth period O
ctober 2001 to Septem

ber 2002. These tw
o 

figures show
 that average to above-average precipitation received in the region during Septem

ber 
(Figure 16c) does not m

ake up for the lack of precipitation overlonger tim
e scales (Figure 16d). This 

type of inform
ation is difficult to ascertain using the PD

SI index (see next page). 

M
aps of SPI for each clim

ate division 
are created by the N

ational C
lim

ate 
D

iagnostics C
enter (N

C
D

C
) and are 

available at the follow
ing w

ebsites:

W
estern R

egional C
lim

ate C
enter:

http://w
w

w
.w

rcc.dri.edu/spi/spi.htm
l

N
ational C

lim
ate D

iagnostics C
enter:

http://lw
f.ncdc.noaa.gov/oa/clim

ate/
research/prelim

/drought/spi.htm
l
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17. Explaining The Palm
er D

rought Severity Index (PDSI)

The Palm
er D

rought Severity Index (PD
SI) is w

idely used as a tool to m
onitor and assess long-term

 m
eteorological drought in the U

nited States and 
elsew

here. H
ow

ever, as dem
onstrated on page 15, it is clear thatusing the PD

SI for locations other than w
here it w

as originally
derived (i.e., K

ansas) can 
produce less-than-accurate assessm

ents of m
oisture conditions. The PD

SI w
as specifically designed for sem

i-arid and dry
subhum

id
clim

ates w
here local 

precipitation is the prim
ary source of m

oisture. A
s w

ith any m
odel, extrapolation to areas w

ith different conditions can produce
unreliable results.

D
eriving PD

SI values involves the use of tim
e-

averaged (typically w
eekly or m

onthly but can 
also be daily) hydrological data to calculate 
potential and actual precipitation, 
evapotranspiration, and soil m

oisture-transfer 
estim

ates. D
ifferences betw

een potential and 
actual values are used to determ

ine the am
ount 

of m
oisture required for “norm

al” w
eather 

during each tim
e period. The difference betw

een 
actual precipitation and that w

hich is required 
for “norm

al” m
oisture conditions (based on 

m
odeled results) is used to derive indices of 

m
oisture anom

alies (Figure 17). To determ
ine 

the beginning, ending, and severity of drought 
(and w

et) periods, the m
oisture anom

aly index 
for the current tim

e period is evaluated against 
the drought severity (and its trend) over the 
previous 9 tim

e periods. From
 this, a 

probabilistic statem
ent is form

ulated (ranging 
from

 0%
 to 100%

) indicating the likelihood that 
a w

et or dry ‘spell’ has started or ended.

M
aps of the PD

SI values, delineated by clim
ate division, are currently available from

 both the N
ational C

lim
ate 

Prediction C
enter (C

PC
) (http://w

w
w

.cpc.ncep.noaa.gov/index.htm
l) and the C

lim
ate D

iagnostics C
enter (C

D
C

) 
(http://w

w
w

.cdc.noaa.gov/index.htm
l). The C

PC
 releases m

aps w
ith w

eekly PD
SI values and the C

D
C

 provides 
a w

eb-interface to create custom
 m

onthly PD
SI m

aps (http://w
w

w
.cdc.noaa.gov/U

Sclim
ate/U

Sclim
divs.htm

l). 
Figures 5a, 5b and 17 w

ere provided by C
PC

, and Figure 18a (follow
ing page) w

as provided by C
D

C
.   

C
L
I
M
A
S



F
ig

u
re

 1
8

c
. S

P
I v

a
lu

e
s
 fo

r A
p

ril - S
e

p
te

m
b

e
r 2

0
0

2
.

18. C
om

paring PDSI and SPI Indices for D
rought Assessm

ent

B
ecause the SPI and the PD

SI are derived using different m
ethodologies, yet both are used to represent m

oisture conditions, a com
parison of the tw

o 
indices is useful. W

hile both the PD
SI and SPI indices assess current conditions w

ith respect to longer-term
 ‘average’ conditions, the SPI considers only 

long-term
 average and recent precipitation (up to last 72 m

onths). The PD
SI relies on hydrological m

odeling using m
easured precipitation calculations 

as inputs. In selecting w
hich case to use, different factors should be considered. For exam

ple, the PD
SI gives a snapshot in tim

e of m
oisture conditions, 

but doesn’t allow
 analysis across tim

e. The SPI provides insightinto m
oisture conditions for different tim

e periods, but to obtain inform
ation about 

recent trends, m
ultiple calculations across nested tim

e scales m
ust be m

ade.

F
ig

u
re

 1
8

b
.  S

P
I v

a
lu

e
s
 fo

r S
e

p
te

m
b

e
r 2

0
0

2
.

F
ig

u
re

 1
8
d
.  S

P
I v

a
lu

e
s
 fo

r J
a
n
u
a
ry

 - S
e
p
te

m
b
e
r 2

0
0
2
.

Exam
ple: Figure 18a show

s clim
ate division PD

SI values for the 
U

nited States for Septem
ber 2002. Incorporated into the m

onthly PD
SI 

values are the m
oisture conditions of the past 9 m

onths. H
ow

ever, the 
trend over the past nine m

onths is not necessarily evident in the index 
values. Figures 18b-d are SPI values for Septem

ber, A
pril through 

Septem
ber, and January through Septem

ber 2002, respectively. 
C

reating such ‘nested’ SPI m
aps allow

s for the exam
ination of trends 

in m
oisture availability over tim

e. Each index provides useful 
inform

ation that the other m
ay not provide or reveal clearly. A

 useful 
w

ay to determ
ine appropriate use of PD

SI and SPI m
aps is to evaluate 

the inform
ation provided by each over several m

onths in light oflocal 
conditions.  
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19. The Pacific D
ecadal O

scillation (PD
O

)
Source: JISAO

N
otes:

Figure 19a show
s typical 

w
intertim

e anom
aly patterns for 

sea-surface tem
perature (SST) 

in color, sea level pressure 
(SLP) in contours, and surface
w

indstressw
ith arrow

s during 
the w

arm
 and cool phases of the 

PD
O

.

Figure 19b is based on 
seasonally averaged PD

O
 Index 

values for N
orth Pacific O

cean 
SSTs from

 1900 through 2002. 
The solid black line depicts the 
5-year running average of the 
index. The Pacific D

ecadal 
O

scillation Index is statistically 
constructed from

 m
onthly SST 

data in the Pacific O
cean

polew
ard

of 20°N
 and is based 

on 1900–1993 average SST 
conditions.

M
uch of the inform

ation 
presented here has been draw

n 
from

 the w
ork ofN

ate
M

antua 
and Steve H

are of the 
U

niversity of W
ashington’s 

Joint Institute for the Study of 
the A

tm
osphere and O

cean 
(JISA

O
). Figures 19a-b w

ere 
obtained from

 the W
W

W
, U

RL 
http://jisao.w

ashington.edu/pdo/
im

g
on O

ctober 15, 2002.

H
ighlights:

The Pacific D
ecadal O

scillation (PD
O

) refers to variability in sea-surface tem
perature (SST) in the northern Pacific O

cean, 
w

hich m
ay be anom

alously cool or w
arm

 depending on location and tim
e. Figure 19a show

s typical conditions during w
hat 

researchers have term
ed the “w

arm
 phase”

and the “cool phase,”
respectively, of the PD

O
. D

uring the w
arm

 phase, SSTs are 
above average along the N

orth A
m

erican Pacific C
oast; during the

cool phase, the Pacific C
oast is cooler than average. 

These basin-w
ide tem

perature patterns are accom
panied by characteristic sea-level pressure (SLP) and w

ind anom
aly 

patterns (Figure 19a). The N
orth Pacific rem

ains in each phase for 20 to 30 years at a tim
e (Figure 19b; notice the solid black 

line); how
ever, w

ithin each cool or w
arm

 phase, there are often rapid tem
perature changes of short duration (Figure 19b; 

notice the abrupt changes betw
een red and blue). R

ecent conditions in the northern Pacific suggest a possible reversal to cool 
PD

O
 conditions in 1998; how

ever, this m
ay be a short-term

 reversal. O
nly tim

e w
ill tell! The PD

O
 w

as first docum
ented

in 
the 1990s, and this is the first tim

e that w
e m

ight actually observe a shift.

PD
O

 phase has been linked to m
ajor patterns in northeast Pacific

m
arine ecosystem

s. W
arm

 phases correspond w
ith 

enhanced coastal ocean biological productivity (in other w
ords, m

ore fish and other critters, and concom
itantly, higher catch 

levels for com
m

ercial fisheries like salm
on) off A

laska and inhibited productivity off the U
.S. W

est C
oast, w

hile cool PD
O

 
phases show

 the opposite pattern. PD
O

 phase also is linked to N
orth A

m
erican (and Southw

est) clim
ate; this is discussed in 

the next background page.

Please see
N

ate M
antua and Steve H

are’s w
ebsite at http://tao.atm

os.w
ashington.edu/pdo/for m

ore inform
ation about 

the PD
O

.

Figure 19b. M
onthly values of the PD

O
 Index 

from
 1900–2002.

Figure 19a. Typical SST, SLP, and w
indstress conditions for 

w
arm

 and cool phases of the PD
O

.
W

arm
 phase

C
ool phase

W
arm

 phase

C
ool phase

C
L
I
M
A
S



20. The PD
O

 and C
lim

ate Variability in the Southw
est

Table 20a. C
om

bined EN
SO

/PD
O

 im
pacts on Southw

est 
w

inter precipitation (afterG
ershunov

and Barnett, 1998).

N
otes:

Table 20a is sum
m

arized from
G

ershunov, A
lexander, and T.P. 

Barnett, 1998.Interdecadalm
odulation of EN

SO
 teleconnections. 

Bulletin of the Am
erican M

eteorological Society 79:2715–2725.

Figures 20b and 20c, as w
ell as m

uch of the m
aterial presented in the 

H
ighlights section, is based on the w

ork of Charles Liles, N
ational 

W
eather Service (A

lbuquerque office) and is used w
ith his perm

ission. 

H
ighlights:PD

O
 phase has strong im

pacts on Septem
ber–M

ay precipitation and tem
perature in N

orth A
m

erica. W
ith respectto the Southw

est, these 
im

pacts vary betw
een A

rizona and N
ew

 M
exico and w

ith season. In N
ew

 M
exico, PD

O
 im

pacts on precipitation are m
ost pronounced in the spring. Based 

on an analysis of clim
ate division precipitation and the PD

O
 Index from

 1900–1999, cool phases of the PD
O

 are associated w
ith 79%

 of average 
precipitation and w

arm
 phases, w

ith 142%
. This effect increases from

 north to south in N
ew

 M
exico. G

enerally speaking, PD
O

 phase
is not as strongly 

correlated w
ith precipitation in A

rizona, although m
ore precipitation tends to fall w

hen the PD
O

 is in a w
arm

 phase and less w
hen it is in a cool phase.

EN
SO

 also im
pacts precipitation and tem

perature in N
orth A

m
erica

(e.g., w
et w

inters during El N
iño events), so a logical question is, how

 are EN
SO

 and 
the PD

O
 related to one another? This m

onth’s new
sletter article on the PD

O
 discusses som

e of the current scientific ideas on this subject. Table 20a show
s 

the com
bined effects of EN

SO
 and the PD

O
 on precipitation in the

Southw
est during the w

inter. W
hen the PD

O
 is in its w

arm
 phase,El N

iño im
pacts on 

precipitation are strong and stable—
in other w

ords, it is m
uch m

ore likely that the Southw
est w

ill experience a w
et w

inter. Possibly, the SST patterns 
associated w

ith both El N
iño and w

arm
 PD

O
 phase are related to atm

ospheric conditions that steer m
ore and w

etter Pacific storm
s into the Southw

est. 
C

ool PD
O

 phases strengthen La N
iña im

pacts on w
inter precipitation in the Southw

est—
you can pretty m

uch count on dry w
inters. By contrast, 

w
intertim

e precipitation is variable w
ith La N

iña/w
arm

 PD
O

 and El N
iño/cool PD

O
 com

binations, m
aking it difficult to predict w

inter rainfall in these 
cases. Figures 20b-c illustrate the confounding influence that PD

O
 conditions (in this case, the cool PD

O
 phase) can have on El N

iño precipitation im
pacts 

in N
ew

 M
exico.

For m
ore inform

ation about the PD
O

 and N
orth A

m
erican clim

ate variability, see
N

ate
M

antua and Steve H
are’s w

ebsite at 
http://tao.atm

os.w
ashing.edu/pdo
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Figure 20b. Percent of average 
Septem

ber–M
ay precipitation in N

ew
 

M
exico during El N

iño events (1900–
2000).

Figure 20c. Percent of average 
Septem

ber–M
ay precipitation in N

ew
 

M
exico during com

bined El N
iño events 

and PD
O

 cool phases (1900–2000).
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