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ABSTRACT. The purpose of this study is to examine the nature of the concurrent and lagged relationships
among various drought type-specific measures of drought severity. Monthly values of average temperature
(TEMPZ), total precipitation (PREZ), the Palmer moisture anomaly index (ZINX), the Palmer drought severity
index (PDSIY, and the Palmer hydrologic drought severity index (PHDI) were exanuned from a sample of climatic
divisions in the United States for the period 1930-1985. The relationships are examined at -two  levels  through
the use of simple corrclations. Level one utilizes data from the entire study period. Data from sclected drought
events are emploved in level two,

The results show that the strongest rclationships are between  drought indices with similar rates of response
to changes in moisture supply and demand. The correlatiors also show that lageed values of fast-response drought
indices (ZINX, PREZ) arc more strongly correlated with the slow-response PHDI than concurrent values, Inter-
site differences between correlated pairs of indices are generally small and follow consistent trends 2cross the
sample for both level one and level two analyses, Intra-site differences are large for some pairs of correlated indices,
indicating that characteristics of individual droughts can devizte substantially from average or normal conditions.

Key words — Drought, Palmer indices, Concurrent relationships, Lagged relationships, Correlation.

1. Introduction

The phcnomenon of drought has inspired large and
diversificd research efforts. Much of the work has
involved the use of climatic indices 1o examine the
main components of drought : intensity, duration,
length, and spatial coverage. The largest number cf
drought indices are based upon various manipulations
of water balance variables. Since the effects of droughts
are felt by water users at different times, response
times of the various water balance-based indices range
from rapid to slow. Soil moisture deficiencies detri-
mental to agricultural activities can develop in time
spans of a month or less. Thus, agricultural drought

severity indices must be tightly coupled with precipita-
tion and surfacc soil meisture, Conversely, conditions
of hydrologic droughi typicallv take months to develop.
Hydrologic ¢rought indices musi be designed tc respond
slowly to changes in supply (precipiiaiion) and de-
mand (evapotranspiration) of moisture throughout entire
hydrologic systems.

The most popular and wilely used drought index
based on water balance variablcs is the Palmer drought
severity index (PDSI) (Palmcr 1965). The PDSI is
considered to be a meteorological drought index in
that it measures the moisiure abnormality for a place
or an area through spells of dry o1 wet weather. The
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index incorporates current and antecedent moisture
conditions so that a long peried of drought or wetness
produces large absolute values of the index (negative
values relate to dry conditions, positive (o wet). Also,
the index is standardized so that drought conditions
can be compared across dissimilar climatic regimes and
through time. Although it has been applied in other
countries (e.g., Sakamoto 1978, Bhalme and Mooley
1979), the PDSI has been used most ofien to study
drought at a variety of scales within the United States.

_ Although the PDSI is the dominant drought index
in the United States. other water balance-based indices
are frequently used in the study of drought, One
index which is commonly used outside the Unitgd
States is Thornthwaite’s Index of Aridity (I,) (Thornth-
waite 1948). Standard departures ol the I, from
mean yearly values (Krishnan 1979), madian ycurly
values (Subrahmanyam and Sastri 1969), and median
monthly values (Sastri 1984) have all been used to cate-
gorize drought intensities for spatial and temporal
analyses in India. Ancther popular index uses the
ratio of actual to potential evapotranspiration as a
measure of agricultural drought (Sas‘ri et al. 1981,
1982, Mohan et al. 1984). This index has been shown
to be strongly related with crop yield (Chang et al
1963).

Most descriptions of hydrologic drought scverity
are based upon direct measures such as dzpartures from
normal streamflow. lake levels. or water table levels
(Williams 1954, Changnon et al. 1982, Carter 1983).
However, some water balance-based indices have been
used to measure hydrologic drought, with varying
degrees of success (e.g., Alley 1985, Shelton 1982, 1984,
Soule and Shankman 1990),

The existing knowledge of drought characteristics 1s
largely focused on specific tvpes of drought (e.g.
agricultural or hydrologic). The primary objective
of this paper is to determine the strength of simul-
taneous and lagged relationships among various drought
type-specific measures of drought severity. Guiding
research questions include : (i) what is the statistical
relationship among measures of drought severity with
different moisture-response times, (i) do the relation-
ships (among indices) computed exclusively during
established drought events vary from relationships
computed using all available data (thus including
droughts, wet spells, and normal conditions), and (ili)
what is the degree of spatial variability in these relation-
ships within the contiguous United Staics.

2. Data and methods

All data used in this siudy were obiained from the
1986 version of the Naiional Climaiic Data Center’s
(NCDC) magneiic tape file TDY64 (NCDC 1986).
Monthly values of average iemperature, iotal piecipita-
tion, the Palmcr moisiure anomaly index (ZINX). the
Palmer drought severity index (PDSI) and the Palmer
hydrologic drought Severity index (PHDI) were exa-
mined from a sample of climatic divisions in the United
States for the period 1931-1985.

The three Palmer indices were chosen because of

their wide acceptance by climatologists as representa-
A complete

tive measures of drought conditions.

TABLE 1
Severity classes for the PHDI and ZINX

Approx.

cum PHDI value Severity Class ZINX value

freq.

(%)

90 400 Extrema wetness 221,50

90-95  3.00 10 3.99 Severe wetness 2.50 1o 3.49

73-89  1.50to 2.99 Mild to moderate 1.00 10 2,49
. ” “'c“].‘?.js.; 5

273 S 49t0 1490 Near ndrmall b -1.2410 -0.09

=270 - 1.50 10 =2.99  Mikddoymideriite -).25t0 -1.99

) droughe % v it
3-10 =300 10 -3.99  Severe drought -2.00 to,-2.74

<4 <—4.00  Extreme drought <=2.75

After NCDC 1986, p.3

explanation of the indices” calculation procedures is
beyond the scope of this paper.

The methods used to caleulate the PHDI are largely
the same as those for the PDSI. The main difference
in the procedures involves the identification of the
month in which a drought or wet spell ends.  For the
PHDI a drought (wet spell) is not considered to have
¢nded until P, (probability of ending a wet er drought
spell) equals 1009/, resulting in a more slowly respond-
ing index. Complete cxplanations of the procedures
used to calculate the indices are given by Alley (1984),
Karl and Knight (1985) and Karl (1986).

The indices are desizned so that negative values indi-
cate dry spells or droughts, positive values indicate
wet spells, and values near zero represent normal
moisture conditions, Descriptions of drought (wet
spell) severity assigned to different ranges of the PDSI
by Palmsr (1963) are well known.  Similar descriptions
are prov.ded for the ZINX and PHDI (Table 1).

The ZINX measures the departure of the moisture
status in an area from normal in a given month. Large
deviations in supply (precipitation) or demand (evapo-
transpiration) of moisture can elicit large responses in
index values. Because of this trait, the ZINX is often
positive for onc or iwo months during long periods
of metier slogical ¢r hydrological drought. In terms of
drought sub-iypes, the ZINX is mosi appropriately
used s o measure of agriculiural drought intensity
(Karl 1986). Sakamoio (1978) found the ZINX to
be closely correlaied with monibly wheat yields in
Ausiralin,  Karl (1985) feels that the ZINX is a better
measure of agriculiural drought than the mare commeo-
nly used crep maisture index (Palmer 1968).

The PDSI is usually presented as a measure of general,
or meieorological drought intensity, Palmer (1965) de-
signed the index to represent gen:ral moisture conditions
during pericds or spells of abnormaily dry or wet
weather, It tends to respond too slowly to be useful
as a measure of agricultural drought (Steila 1972)
and too rapidly to assess conditions of hydrological
drought accurately (streamflow and ground-water levels)
(Alley 1985).
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A Palouse Blue Mts,, Wash.ngton L R
B North Central, South Dukota \
C Dixie, Utah \
D Low Rolling Plains, Texas

E Southeast, Wisconsin

F Northern, New Jersey

G Southwest, Indiana

H Northwest, South Carolina

Fig. 1. Locations of the sample climatic divisions

Hydrologic conditions are generally not representa-
tive of moisture departures for other uses during the
carly stages of a drought. The PHDI expresses this
by lagging behind both the ZINX and PDSI during
the initial months of a drought. Also, to reflect the
fact that streamflow and reservoir levels are often well
below normal long after a meteorological drought has
ended, values of the PHDI tend to remain nzgative for
up to several months after PDSI values have returned
to normal or above normal levels. In addition to the
Palmer indices, standardized scores (z-scores) of monthly
precipitation (PREZ) and average temperaturc (TEMPZ)
were calculated using the Standard procedure of the
statistical analysis system (SAS) (SAS Institute 1985).

Concurrent and lagged relationships among the four
drought sub-types were examined based on the drought
histories (as measured by the PREZ, ZINX, PDSI
and PHDI) of eight. climatic divisions in the ~ontigucus
United States (Fig. 1). These divisions represent the

core areas of spatially-homogeneous met:orological
drought regions (Soul¢ and Meentemeyer 1089). Al-

though the northern New Jersey, northwest South
Carolina, southwest Indiana, and Low Rolling Plains
Texas divisicns all have climates classified as humid
sub-tropical (Koppen Cfa), there is consicerable cli-
matic variability among thése four locations. Poten-
tial natural veégetation ranges from tall-grass. prairie in
Texas, to broadleaf deciduous forest in Ind ana. The
northcentral south Dakota ard southeast Wisconsin
divisions bave climates classificd as humid continental
(Koppen Dfa). Potential natural vegetation in South
Dakota in short-grass prairic, while Wisconsin supports
a mixture of grasses and oak-hickory fovests. The
two'"western divisions are lccated in mountainous
regions¥and are considerably more arid. The Dixie
Utah division has a cold steppe climate (Koppen BSk).

W& Despite the low mean annual rainfall (45 cm), the
* "¥Palouse Blue Mountain Washington division classifies

as a marine west coast climate (Kippen Csb).

For this study a major drought event was defined as
any span of six or more consecutive months with any
of the Palmer indices =<—1.0. Diaz (1983) gives a
similar definition in which a string of three or more
months with PDSI values<_—2.0is considered a drought
event and six or more consecutive months a major
drought. Including the fast responding ZINX and
slowly responding PHDI in the definition insures that
the beginning and ending periods of long drought
events are included in the analysis.

To determine the nature of the concurrent relation-
ships among the various drought sub-types, Pearson
product moment correlation coefficients were calcu-
lated at two levels for all possible combinations of the
Palmer indices, precipitation z-scores, and temperature
z-scores. First level analyses included all monthly
values for the entire study period. Correlation ana-
lyses in the second level were performed using sub-sets
of the full data set. Thus, each period identified as
a major drought event was analyzed separately. To
examine the nature cf the lagged relationships among
the drought sub-types, simple correlations were com-
puted for all possible combinations of the four drought
indices, temperature z-scores, and one, two and three
month lagged values of the same. All correlations
were completed using the CORR procedure of SAS
(SAS 1985a). -

3. Results and discussion

Concurrent and lagged relationships among the four
drought sub-types and temperatures are preserted from
the two levels of analyses : full data set and major
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TABLE 2

Simple crrelations amens drouzht soverity jades values wsing the full data set at the eizht sample climatic divisions

Varriahles p L RS S P
correlated SW N NW SE

IND NJ SC WISC
PIDIPADIL NG (r 91 0ol —~75 99 n o9t
PHDI/PIHIDILAG? 0 86 0 82 179 0 83
PHDI/PDSI 0 89 1 88 0 =9 0 89
PHDI/PDSHLAG! 0 9.4 ™ 83 ) B8 0 9)
PHDI/PDSILAG2 0 87 0 81 383 0 &8
FHDI/ZINX 052 a sl 30 0 53
PHDI/ZINXLAGH 0_55 0n.52 .49 0,58
PHDI/ZINXLAG?2 0.52 0.49 9,46 .39
PHDUZINXLAG3 0 49 0 42 0.42 0 56
PHDI/PREZ (.38 043 039 0.33
PHDI/PREZLAG! 0 40 (.44 0,39 (.39
PHDIPREZLAG2 0. 3¢ 043 017 0 40
PHDI/PREZLAG3 0,37 0.37 0,34 . 3N
FDSI/PDSILAGI 097 0.87 0,83 0.90
PDSI/PDSILAG2 0.80 0.75 .73 0.79
PDSI/ZINX 0 65 0.6} 0 63 0.67
PDSIZINXLAG! 0.55 0 33 0 49 0 62
PDSI/ZINXLAG?2 047 0.44 0 39 0._55
PDSIPREZ 0.51 .56 0 53 048
PDSI/PREZLAG! 0.43 0.47 (0. 40 0.45
PDSI/PREZLAG?2 0.37 0 40 932 0.39
PDSI TMPZ —N.17 —0.08 -0.22 0,16
PDSI/ TMPZI.AGI 0,17 004 -0.21 0.11
PDSI/TMPZILAG2 —0.13 0.01 —0. 16 .08
ZAINX/ZINXLAGI 0.25 0.18 SR 0.36
ZINX/PREZ 0.96 0.97 .97 0.92
ZINX/PREZLAG! 0.21 0.17 0,06 0,28
ZINX/TMPZ 0.15 0.15 026 918
ZINX/TMPZLAGI —0.07 —0,01 911 —0.02

Climatic division abbreviation

- = L - - R R S =P P
NCEN LRP  DIXIE  PBM  Mean® Range**
SD X UTAH WASH
0oz 094 095 095 {0 01) 0.07
(.62 0 8 0 88 0 87 (0 86 0.13
(.97 0 9 09) 0 88 (0.9 0.07
94 093 091 0 9) (0 91} 0.06
.92 090 0 88 0 88 (0 88) 0.09
0.55 0 54 0 53 0 55 (0 53) 0.06
0 58 060 057 0.61 (0.56) 0.12
0 58 0 59 0.56 .62 (0.55) 0.16
0.55 0.56 0 54 () 60 (0.52) 0.18
0.30 0 28 0.27 026 (0.33) 0.17
-0.12 0.36 -0.32 0.23 (0.37) 0.12
932 0.37 -~ 32 035 (0.37) 0.11
.31 0 36 0.33 035 (0.35) 0.07
0.95 0.92 0.91 0.91 090 - 0,10
.89 0.83 0 82 0.81 (0. 80) 0.16
062 0.66 0.66 .69 (0.63) 0.07
(.39 0.61 0.62 0 65 (0.58) 0.16
0.50 0 56 0.55 0n.59 (0.51) 0.20
0,38 0,43 0.39 0.41 (0.46) 0.1%
—0.36 0.39 0.38 040 (0.41) 0.11
0.33 0,38 0.34 0,38 (0.36) 0.08
(.28 —0.40 ~0,28 —9.21 (—0.23) 0.32
—0.27 4. 36 0237 —0.20 (—0.20) 0.32
—0.26 ) 35 -0.24 08 (—0.18) 0.34
0,32 0.13 0.30 0.41 (0.28) 0.32
0.87 0,90 -0 .86 0 87 (0.92) 0.11
0.18 0.26 0.21 0.2¢ (0.21) 0.23
—(.42 —{1. 5/ 0,32 ~0.28 (—0.28) 0,36
018 0,18 011 — )08 (0,10 0.17

* Average of the correlation values across the climatic divisions, ** Differenze hetween the strongest and weakest corrzlation, regardiess

of sign, Strongest correlation is italicized.

drought evenis.  Simple correlations (r-values) among
sclecied combinations of drought severivy indices and
temperaiurc z-scores based on the Tull data set are
presented  for the cight sample  climatic  divisions

(Tabl> 2).

The average of the r-values across the climatic divi-
sions gives a good indication of the general relation-
ships among the drought sub-iypes and temperature.
The sirong correlation beiween the PHDI and PDSI is
not surprising since these iwo indices will be identical
during the mid-portions of long droughts and wet
spells.  The impact cf the moisture conditions in the
preceding months on hydrological and metecrological
moisture conditions in the current month is illustrated
by the strong correlations between current and one and
two month lagged values of the PHDI and PDSL

Lagged values of the faster responding ZINX tend to
be more strongly related to the PHDI than concurrent
values. In light of the design of the indices, this is an
cxpected result.  Well above or below normal hydio-
logical moisture conditions generally only develop
wiith sustained deviations of moisture supply and de-
mand. Several consccutive months with below nor-
m~! moisture supplies will eventually cause hydrologic
conditions to fall below normal. However, PHDI
va'ues will generally remain negative, indicating conti-
nuzd hydrological drought, for up to several months
afier moisture supplies have returned to normal or
above normal The grepier lagged corrclations con-
firm that th2 indices are behaving in the expzcted fashion.

Alchough ihe ZINX and PREZ are highly related
to each other (average r >-0.90). the PREZ is not uti-
lized in the calculation procedures for ¢ither the PHDL
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or PDSI. The correlations between concurrent and
lagged values of the PREZ and the PHDI are thus lower
than the equivalent ZINX correlations, but they do
follow the same trend in that the lagged relationships
are stronger than the concurrent relationships.

The PDSI calculation procedures allow it to respond
more quickly to monthly changes in supply and demand
for moisture in comparison to the PHDI. Asa result,
r-values for the PDSI/ZINX and PDSI/PREZ corre-
lations are higher than their PHDI countersarts, The
concurrent relationships (PDSI/ZINX, PDSI/PREZ)
are slightly stronger than the lagged relationships,
suggesting that while there is a one to three month
“buffer” for hydrological drought conditions (i.e. there is
generally no immediate response to large deviations
from normal moisture supply ana demand), meteoro-
logical or average drought conditions (indicated by the
PDSI) are more closely linked to weather conditions of
the current month.

It is generally accepted that some drought events (parti-
cularly summer droughts) exhibit the characteristics
of a positive feedback system (Namias 1983, Chang
and Wallace 1987). Once a drought becomes estab-
lished the soil moisture will be depleted, reducing eva-
potranspiration and hence convectional precipitation,
which prevents the soil moisture from being recharged.
If this is true the ZINX, which is only indirectly in-
fluenced by its previous month’s value, should be posi-
tively correlated with lagged values of itself and the
PREZ. Although the one month lagged correlations
(ZINX/ZINX and ZINX/PREZ) are positive, two and
three month lagged correlations (not shown) were
consistently near zero, indicating that monthly moisture
anomalies (and thus positive feedbacks) are only per-
sistent in the short term.

On average, during the summer months there is a
negative relationship between temperature and pre-
cipitation in most of the contiguous United States,
although the strength of the relationship is spatially
variable (Namias 1983, Chang and Wa'lace 1987).
Measures of continentality match up closcly with the
strength of this relationship (i.e., tempera‘ture is more
inversely related with precipitation in the continental
interior) (Barry and Chorley 1987). The overall nega-
tive correlation between TEMPZ and the PDSI and
ZINX, bothconcurrent and lagged, as well as the spatial
variability in the strength of these relaticnships, con-
form to these previous findings. In particular, both
this study and those of Namias (1983) and Chang &
Wallace (1987) found the strongest negative relation-
ships in the southern Great Plains.

As illustrated by the difference between the
strongest and weakest correlation, the overall relation-
ships (both concurrent and lagged) between the drought
sub-types are largely homogeneous across the United
States. While no one climatic division consistently
has the strongest or weakest correlations across all
the variable pairs, certain trends are evident. The stron-
gest relationships between th: PHDI and PDSI (con-
current and lagged) all occur at the northcentral South
Dakota climatic division. This is likely a refléction of
the tendency for both droughts and wet spells to persist

TABLE 3

Minimum, maximum and median values of simple
correlations from fourteen major drought events, Low
rolling plains, Texas climatic division

Variables correlated Median Min Max
PHDI/PHDILAG! 0.80 0.34 0.95
PHDI/PHDILAG2 0.61 —0.29 0,85
PHDI/PDSI 0.67 0.45 .00
DI/PDSILAGI1 0.79 0.65 0.96
PHDI/PDSILAG2 0.69 0.08 0.89
PHDI/ZINX 0.20 —0.44 0.45
PHDI/ZINXLAGI 0.46 0.28 0.91
PHDI/ZINXLAG2 0.55 —0.02 0.84
PHDI/ZINXLAG3 0.33  —0.06 0.79
PHDI/PREZ 0.08 —0.45 0.35
PHDI/PREZLAGI 0.26 —0.18 0.79
PHDI/PREZLAG2 0.36 —~0.15 0.72
PHDI/PREZLAG3 0.32 0.06 0.77
PDSI/PDSILAGI 0.54 0.04 0.82
PDSI/PDSILAG2 0.24 —0.24 0.62
PDSI/ZINX 0.62 0.03 0.89
PDSI/ZINXLAGI 0.42 0.27 0.87
PDSI/ZINXLAG2 0.31 —0.06 0.81
PDSI/PREZ 0.51 0.00 0.77
PDSI/PREZLAGI 0.31 —0.05 0.89
PDSI/PREZLAG2 0.28 —0.08 0.82
PDSI/TEMPZ —0.33 —0.84 0.18
PDSI/ TEMPZLAG1 —0.25 —0.65 0.58
PDSI/TEMPZLAG2 —0.11 —0.71 0.27
ZINX/ZINXLAGI 0.08 —0.23 0.54
ZINX/PREZ 0.94 0.75 0.98
ZINX/PREZLAGI 0.23 —0.28 0.79
ZINX/TEMPZ —0.57 —0.86 0.09
ZINX/TEMPZLAGI —0.10 —0,53 0.75

for long periods (six or more months) in the northern
Great Plains (Diaz 1983). The majority of weakest
correlations among the drought indices occur for the
northwest South Carolina climatic division. The spo-
radic nature of summertime convectional rainfall re-
ceipt in this region is the most likely cause cf this vari-
ability. The northeren New Jersey climatic division
has the majority of the strongest correlations between
the Palmer irdices and PREZ, coupled with the weakest
relationships with TEMPZ. This combination of factors
supports the Namias (1966) finding that droughts in
the middle Atlantic/northeast region are more weakly
“related to persistent anticyclonic activity than in other

areas,
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TABLEFE 4

Median values of simple correlations from all major drought events at the eight sample climatic divisions

Climatic division abbreviation

Yariables e i A e e o
correlated SW N NW SE NCEN LRP
IND NI SC WISC SD X
(1 (13) (15) o7 (8) (14)

PHDI/PHDILAG! 0,85 0.78 0.82 .86 0.73 0. 80
PHDI/PHDILAG2 0.66 0.60 0.63 0.67 —0.57 0.61
PHDI/PDSI 0.78 0.76 —0.57 0.60 (.87 0.67
PHDI/PDSILAGI 0.74 0.72 .84 0.79 0.78 0.79
PHDI/PDSILAG2 0.66 0.66 0.67 0,68 —0.64 .69
PHDI/ZINX 0.35 0.22 —0.04 0,09 0.43 0.20
PHDI/ZINXLAGI1 0.49 —0.37 0.39 0.41 0.38% 0.46
PHDI/ZINXLAG2 0.42 0.43 0.50 0.47 0.45 .55
PHDI/ZINXLAG3 0.36 —0.35 0.42 0.58 0.44 0.38
PHDI/PREZ 0.20 0.10 —. 06 0.17 n.27 008
PHDI/PREZLAGI 0.40 0.26 (.30 0.29 —.22 0.26
PHDI/PREZLAG?2 0,32 0.33 (.40 0.27 0.36 0.36
PHDI/PREZLAG3 0.28 0.29 0.41 (.46 0.36 0.32
PDSI/PDSILAGI 0.67 0,57 0.53 .68 0.57 0.54
PDSI/PDSILAG2 0.46 0, 30 2.20 0.28 0.20 0.24
PDSI/ZINX 0.54 -9.53 0.69 0.57 0.59 0.62
PDSI/ZINXLAGI 0.48 0.42 0.42 0.54 0.35 0.42
PDSI/ZINXLAG2 0,35 0.37 0.33 0.37 0.32 -2.31
PDSI/PREZ 041 0.47 0.39 .34 .57 0.51
PDSI/PREZLAGI 0,36 0.34 0.32 0.43 0,15 0.31
PDSI/PREZLAG2 0.30 0.29 0.24 0.31 0,30 0.28
png[ﬁ'i'MI’Z —0,08 ~0.11 —0.17 0.23 —0.09 —0.33
PDSI/TMPZLAG! —0.05 -0.11 -0.20 0.15 —0.21 —0.25
PDSI/TMPZLAG2 0.06 —0.08 —.14 0.03 0,04 —0.11
ZINX/ZINXLAGI 0.02 0.01 0.006 0.12 0,11 0.08
ZINX/PREZ 0.94 0.97 0.96 0.9 0.93 0.94
ZINX/PREZLAG! 0.05 —0.02 0.05 015 0.21 0.23
ZINX/TMPZ -0.05 —0.33 —N.37 9.17 -0, 36 —0.57
ZINX TMPZIL.AGI 0.01 0.01 —0.09 —0.01 0.04 0,10

(18)

0,

0.

0.

.

0.2

1.

0.

0

-9,

80O

59

.04

.86

01

--1.45

0.

0s

e e LA o it e et e el el A i et o St e

DIXIE
UTAH

PB
WASH
(15)

0.70
0.68
0.66
.69
0.30

0.46

.43
0.46
0.44
.36
0.02
—0.07

—0.09

—0.07

Mean*

(0.81)
(0.63)
(0.71)
(0.76)
(0.67)
(0.23)
(0.43)
(0.46)
(0.42)
(0.07)
(0.28)
(0.32)
(0.32)
(0.58)
(0.30)
(0. 60)
(0.44)
(0.35)
(0,45)
(0.36)
(0.29)
(—0.17)
(—0.15)
(—0.0M
(0.07)
(0.93)
(0.11)

(9,33

(0.01)

Range**

0.20

0.30

—

values in parenthesis above show the No. of major drought events, 1931-1985, * Average of the

divisions ** Difference between the strongest and weakest correlation, regardless of

sign,

median values across

the climatic

Strongest correlation is italicized,
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Correlations between all possible combinations of
concurrent and lagged index values were examined from
each major drought event «t the eight sample climatic
divisions. Both concurrent and lagged relationships
among the index pairs can be highly variable from one
major drought event to the next. To iilusitate this,
the minimum, maximum and median correlations bet-
ween selected pairs of indices from the fourteen major
drought events at the Low Rulling Plains, Texas cli-
matic division are presented (Table 3). Comparing the
median r-values from this analysis to their counter-
parts on the full data set analysis (Table 2) shows that
the general trends among the indices are the same, even
though only time periods with below normal moisture
conditions are now being examined. However, it is
clear that the relationships are not always stable from
one drought event to another. Namias( 1983) has shown
that the causes of drought can vary greatly, both
spatially and temporally, within the contiguous United
States. It is highly probable that the extreme cases of
variability in drought sub-type relationships (from one
event to the next) resuli because ih2se drought events
are caused by vastly different seis of synogtic controls.

The mediar values from the correlation analysis
of major droughts for each climatic divisicn are presen-
ted to provide an overall impression of the concurrent
and lagged relationships among the indices during major
drought events (Table 4). Although average correla-
tions across the eight divisions are consistenily weaker
than their counterparis for the full data sei analysis
(Table 2), tne relationship beiween the averages is strongly
linear (r=0.94), an indication that the indices behave
similarly during droughts, wet spells and spells c¢f normal
weather.

The resulis reveal both inter and intra-sile vari-
ability in the temporal relationships amoeng the drought
sub-types, as expressed through the drought severity and
temperature indices. The highdegree of intra-site variabil-
ity supports the notion that each drought event is related
to a unique mix of synoptic conditions. However, over the
climatic record the general synoptic conditions causing o 1e
drought in a giver arca are likely to recur scveral times,
and this recurrence will be reflecied in the general re-
lationships among drought sub-iypes, tempzrature and
precipitation.

4. Conclusions

This study focused on the statistical relationships
among four main drought types (as measured by the
Palmer drought indices and precipitation z-scores), the
relationship between drought severity and temperature,
and the spatial variability of these relationships in the
United States. The primary findings are : (1) the stron-
gest relationships (all positive) are consistently bziween
drought indices with similar rates of response to changes
in supply for moisture ie.g., PHDI/PDSI), (2) there
are stronger relationships bciweer lagged values of ths
fast-response indices (ZINX, PREZ) and the PHDI
than concurrent values, (3) on averagz there is a negative
relationship between temperature and precipitation
(measured through ZINX); however the magnitude of
this relationship varies spatially, (4) intersits diffe rences
between ccrrelated pairs of indices are generally small
and follow consistent trends across the sample for both

the full data set and major drought event analyses, and
(5) irtra-site differences (as measured by the range
between minimum and maximum r-values for all major
drought evenis) were large for some index pairs, indi-
cating that the characteristics of individual drought
events can deviate subsiantially from average or normal
conditions.
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