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Monitoring the 1996 Drought Using
the Standardized Precipitation Index

:

Michael J. Hayes, Mark. D. Svoboda, Donald A. Wilhite, and Olga V. Vanyarkho
National Drought Mitigation Center, Lincoln, Nebraska

ABSTRACT

Droughts are difficult to detect and monitor. Drought indices, most commonly the Palmer Drought Severity Index
(PDSI), have been used with limited success as operational drought monitoring tools and triggers for policy responses.
Recently, a new index, the Standardized Precipitation Index (SPI), was developed to improve drought detection and
monitoring capabilities. The SPI has several characteristics that are an improvement over previous indices, including
its simplicity and temporal flexibility, that allow its application for water resources on all timescales. In this article,
the 1996 drought in the southern plains and southwestern United States is examined using the SPI. A series of maps
are used to illustrate how the SPI would have assisted in being able to detect the onset of the drought and monitor its
progression. A case study investigating the drought in greater detail for Texas is also given. The SPI demonstrated
that it is a tool that should be used operationally as part of a state, regional, or national drought watch system in the
United States. During the 1996 drought, the SPI detected the onset of the drought at least 1 month in advance of the
PDSI. This timeliness will be invaluable for improving mitigation and response actions of state and federal govern-
ment to drought-affected regions in the future.

1. Introduction Oklahoma and Texas, so that the drought was consid-
ered over in most areas of these four states by the be-
In 1996, a severe drought affected the southagimning of fall. Parts of Arizona experienced drought
Great Plains and the southwestern United States. Sambe early 1997.
regions along the Rio Grande River in southern Texas In general, the 1996 drought was a severe 9-month
had experienced several consecutive years of lowevent that had significant impacts. Agricultural losses
than-expected rainfall, which increased the severityiofTexas in 1996 have been estimated at $2.1 billion,
the 1996 drought in these areas. Meanwhile, mawhile overall the drought cost the state more than
parts of Texas and Oklahoma had not experienced “$8-billion (WGA 1996). One of the most important de-
vere” or “extreme” drought conditions according to theelopments was a movement toward better drought
Palmer Drought Severity Index (PDSI) during the pagteparedness across the western United States (WGA
decade and were caught unprepared as the drou¥86). This paper will follow the development and
reached its full intensity during the spring monthgrogression of the 1996 drought using a relatively new
Plentiful rains during May in Kansas, and during Jurdzought index developed at Colorado State University,
in New Mexico, relieved the drought conditions ther¢he Standardized Precipitation Index (SPI; McKee
and rains during July and August brought relief tet al. 1993; McKee et al. 1995). A series of maps will
be provided to demonstrate the versatility of the SPI
in monitoring the dynamics of the drought both na-
E— tionally and regionally.
Correspoqding_ author addresdlichael J. Hayes, _National The most widely used drought index in the United
Drought Mitigation Center, 239 L. W. Chase Hall, Lincoln, NEStateS was developed by W. C. Palmer in 1965. Palmer

68583-0749. : L

E-mail: mhayes@enso.unl.edu recognized the need for a better monitoring tool that
In final form 4 November 1998. could identify drought in terms of its intensity, dura-
©1999 American Meteorological Society tion, and spatial extent. Palmer’s index became known
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as the Palmer Drought Severity Index or PDSdepending on the location in the country. If a drought
Although there are several variations of the index, ednoldex is going to be spatially comparable and useful
variation has characteristics similar to the PD%dr policy decisions, extreme and severe classifications
(Palmer 1965; Karl and Knight 1985; Heddinghausust occur consistently and with low frequency
and Sabol 1991). Palmer based the PDSI on anorf@uttman et al. 1992). An additional concern is that
lies in the supply and demand concept of the watbe PDSI does not do well in the mountainous west,
balance equation. Inputs into the weekly or monthéspecially since a majority of that region’s precipita-
calculations include precipitation, temperature, and ttien falls during the winter as snowfall. It also can re-
local antecedent soil moisture conditions. The data amond slowly to developing drought conditions and,
standardized to account for regional differences so tbate a region is in drought, the PDSI can retain val-
PDSI values can be compared from one locationues reflecting drought well after a climatological re-
another. Therefore, PDSI values, in theory, indicate tbe@very from drought has occurred (T. B. McKee 1996,
same severity of drought in both western Ohio apersonal communication). All of these limitations re-
western Texas, for example, even though the actuahl the importance of caution when using the PDSI
rainfall deficiencies would be completely different dbr drought monitoring and policy decisions, and why
the two locations. the new Standardized Precipitation Index, or SPI, was
Weekly maps of a modified PDSI (Heddinghaudeveloped as an attempt to address some of the prob-
and Sabol 1991) are produced by the Climate Predems inherent in using the PDSI.
tion Center (CPC) of the National Oceanic and Atmo-
spheric Administration (NOAA) and are frequently
used in assessments of agricultural conditions arol2dWhat is the SPI?
the United StatesThe PDSI is also used as a factor
in policy decisions by the U.S. Department of Agri- Researchers at Colorado State University (McKee
culture (USDA) regarding states’ requests for drougét al. 1993; McKee et al. 1995) designed the SPI in
relief and by states themselves as “triggers” for r&993 to be a relatively simple, year-round index ap-
sponse as part of their state drought plans. plicable to the water supply conditions important to
However, the PDSI has limitations that diminisolorado and as a supplement to information provided
its application and bring into question the practice by the PDSI and a second drought index, the Surface
basing policy decisions solely on the PDSI. The¥gater Supply Index (Shafer and Dezman 1982). The
limitations have been well documented (Alley 1984PI is based on precipitation alone. Its fundamental
Karl and Knight 1985; Smith et al. 1993; Willeke et aktrength is that it can be calculated for a variety of
1994; Kogan 1995; McKee et al. 1995; Guttmatimescales. This versatility allows the SPI to monitor
1998). The most significant limitations of the PD3hort-term water supplies, such as soil moisture, im-
related to monitoring drought include 1) an inherepbrtant for agricultural production, and longer-term
timescale that makes the PDSI better suited for moniater resources such as groundwater supplies,
toring agriculturally related impacts rather than longestreamflow, and lake and reservoir levels. The ability
term hydrological impacts; 2) the characteristic that &l examine different timescales also allows droughts
precipitation is treated as rain so that snowfall, sndwbe readily identified and monitored for the duration
cover, and frozen ground are not accounted for, maif-the drought. Colorado has now used the SPI infor-
ing real-time winter PDSI values of questionable relmation as part of the Water Availability Task Force
ability; 3) the characteristic that the natural lagince 1994—including 1996, when drought affected
between precipitation and runoff is not considered apdrtions of the state.
that no runoff occurs until the water capacities of the Calculation of the SPI for a specific time period at
surface and subsurface soil layers are full, leadingaoy location requires a long-term monthly precipita-
an underestimation of runoff; and 4) the “extreme” aritbn database with 30 yr or more of data. The prob-
“severe” classifications of PDSI values vary widelgbility distribution function is determined from the
long-term record by fitting a function to the data. The
cumulative distribution is then transformed using
These maps are available in near—real time on the World Wﬁgual probability to a norma_l distribution with a mean
Web: http://nic.fb4.noaa.gov/products/analysis_monitorin@f Z€ro and standard deviation of one so the values of
regional_monitoring/usa.html. the SPI are really in standard deviations (Edwards and
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McKee 1997). A particular precipitation total for @ased only on precipitation and not on soil moisture
specified time period is then identified with a particizonditions as is the PDSI, the SPI is just as effective
lar SPI value consistent with probability. Positive SEluring winter months and is also not adversely affected
values indicate greater than median precipitatiolny topography.
while negative values indicate less than median pre- Although developed for use in Colorado, the SPI
cipitation. The magnitude of departure from zero repan be applied to any location with a dataset of 30 yr
resents a probability of occurrence so that decisiomslonger. Montana, Wyoming, New Mexico, South
can be made based on this SPI value. Because G&iolina, and Nebraska have investigated or are us-
values fit a typical normal distribution, one can expeirtg the SPI as part of their statewide efforts to moni-
these values to be within one standard deviation apr drought. Meanwhile, researchers in Mexico, Costa
proximately 68% of the time, within two standardRico, Argentina, Brazil, Chile, Turkey, Hungary,
deviations 95% of the time, and within three standagbuth Africa, and Kenya have either considered or are
deviations 99% of the time. A related interpretatiomsing the SPI for projects in their respective countries.
would be that an SPI value of less thdrD occurs 16 At the National Drought Mitigation Center
times in 100 yr, an SPI of less the? 0 occurs two to (NDMC), we have been creating national maps of the
three times in 100 yr, and an SPI of less tHa@ oc- SPI at the climatic division level for the continental
curs once in approximately 200 yr. United States since February 1996. The precipitation
McKee et al. (1993) and McKee et al. (1995) origdataset comes from the CPC and the SPI values are
nally used an incomplete gamma distribution to calalculated by the Western Regional Climate Center
culate the SPI. Efforts are now in progress {®/RCC) in Reno, Nevada. These are the same data
standardize the SPI computing procedure so that camed to create the near-real-time PDSI values used in
mon temporal and spatial comparisons can be madeekly maps created by the CPC. The data are
by SPI users (Guttman 1998). archived at the National Climatic Data Center
(NCDC), and the archive extends from 1895 to the
present, making it possible to examine both historical
3. Advantages and limitations of the SPI and PDSI values for all climatic divisions. The
SPI NDMC has been making the near-real-time SPI maps
available over the World Wide Web, with links to
What gives the SPI an advantage over the PD®NEZDC, CPC, and the regional climate centelrs.
The first advantage is its simplicity. The SPI is based
only on precipitation. The PDSI calculations are com-
plex, and 68 terms are actually defined as part of the spI maps are located at http:/enso.unl.edu/ndmc/watch/
calculation procedure (Soulé 1992). In spite of theatch.htm#sectionla.
complexity of the PDSI, T. B. McKee (1996, personal
communication) believes that the main driving force
behind the PDSI is precipitation. Second, the SPI iSTage 1. Classification scale for SPI values.
versatile: it can be calculated on any timescale, which
gives the SPI the capability to monitor conditions

important for both agricultural and hydrological ap-

SPI values

Category

plications. This versatility is also critical for monitor-
ing the temporal dynamics of a drought, including its

2.00 and above

Extremely wet

development and decline, which have always be 1.5010 1.99 Very wet
difficult to track with other indices. The third advan- L 14 |
tage of the SPI is that, because of its normal distribu- 0010 1.49 Moderately wet
tion, the frequencies of the extreme and severe drou ~0.99 t0 0.99 NERR e
classifications for any location and any timescale &. -

consistent. McKee et al. (1993) suggest an SPI classi-  -1.00 to-1.49 Moderately dry
fication scale (Table 1). An extreme drought accorr’

ing to this scale (SP42.0) occurs approximately two LB SEvEREl ey
to three times in 100 yr, an acceptable frequency for  _, 15 4d less Extremely dry

water management planning. Finally, because it_s
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February 1997, the WRCC also made near-real-timmount. Understanding the climatology of these re-
SPI maps, and associated products, available on gitens improves the interpretations of the SPI values.
World Wide Web in the form of a matrix that allows-or this reason, the NDMC has included an interpre-
the user the opportunity to choose the SPI map for dagion of regional climatology in its presentation of
time period® monthly SPI maps on its World Wide Web site.
The SPI has several limitations and unigue char-
acteristics of its own that must be considered when it
is used. For example, the SPI is only as good as #eThe 1996 drought and the SPI
data used in calculating it. Up through July 1996, the
preliminary data used by NCDC, which were the same The 1996 drought really began in October 1995.
data used to calculate the PDSI, were gathered fr&mfore then, conditions in the southern plains and
approximately 600 stations each month across tBeuthwest were relatively moist. The 9-month SPI
nation. After 2—3 months, when all data had been cotap (Fig. 1a) through the end of September, compar-
lected and quality controlled, the final database coing the January through September precipitation totals
tained approximately 6000 stations (R. Heim 1998, 1995 with the same period throughout the dataset
personal communication). Since July 1996, howevét,895-1996), showed SPI values greater thhQ
all monthly station data come from the CPC’s datfrom northern Missouri into northern Texas. Most of
set, which contains approximately 6000-8000 statiatie western United States, including all of California,
in any given month (T. R. Heddinghaus 1998, persoi@tegon, Nevada, Utah, and Colorado, also had SPI
communication). Coverage is still somewhat limitedalues greater thafl.0. Meanwhile, climatic divi-
in the western United States where terrain differencgens in the Northeast had SPI values in the moderate
increase the spatial variability of climatic variableg< —1.0) to extreme(—2.0) dryness categories. In fact,
Colorado, Montana, Nebraska, and South Carolit895 was considered a drought year in the Northeast.
have improved the data coverage by using station nEfte period from October 1994 through September
works within their states to calculate the SPI on a sitE995 was the driest for the Northeast region in 100 yr
by-site basis. of data (Brown 1995). The Northeast drought peaked
The timeliness of the preliminary data is also a faicrintensity and spatial extent during August and ended
tor. National SPI maps for the previous month are uabruptly during a very wet October (Fig. 1b). The
ally not available until the second or third weeks of tHemonth SPI map for October shows wet conditions
month. Efforts are under way to improve this timelinesasxtending from Florida to New England and across the
Another SPI feature to remember is that becauggper Midwest. Dry conditions for the month stretched
of characteristics associated with the normal distribfrem the central and southern plains to California.
tion, severe and extreme droughts measured by the SBhough dry 1-month SPIs do not mean there is
occur with the same frequency for all locations acrodeought, in this case the dry values during October
the country over a long time period. Thus, the SPI kere reflecting the beginning of drought in the south-
itself cannot identify regions that may be morern plains.
“drought prone” than others. From late 1995 into January 1996, very little pre-
Before the SPI is applied in a specific situation,@pitation fell in the southern plains and Southwest.
knowledge of the climatology for that region is ned-ebruary 1996 was a very dry month from southern
essary. At the shorter timescales (1, 2, or 3 monthglinnesota and South Dakota to the Texas—Mexico
the SPI is very similar to the percent of normal repreerder (Fig. 1c). The 5-month SPI map (Fig. 1d), for
sentation of precipitation, which can be misleading precipitation from October 1995 through February
regions with normally low seasonal precipitation tdt996, indicated that most climatic divisions from
tals (i.e., seasonal rainfall regime). For example, southern Nebraska to California had SPI values of less
California during the summer or the Great Plains than—1.0. The SPI was less tha.0 (extreme dry-
winter, low precipitation totals are normal. As a resultess category) in eight of nine climatic divisions in
large positive or negative SPI values may be caud€ansas.
by a relatively small anomaly in the precipitation By the end of February, the SPI clearly indicated
that drought was occurring in the southern plains and

SThe WRCC'’s SPI matrix is located at http:/iww.wree.sage.dri.ed@outhwest, especially in Kansas, Oklahoma, New
spil. Mexico, and northern Texas (Fig. 1d). Other indica-
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9-month SPI through the end of September 1995
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Fic. 1. Index values for the climatic divisions of the 48 contiguous states. The legend for the SPI maps: {d-@e) tar,1.49;
light red,-1.50 t0o—1.99; dark red;2.00 and less; light green1.00 to+1.49; dark greent1.50 to+1.99; black+2.00 and above.
The legend for the PDSI map: (f) pink2.0 to—2.9; dark pink;-3.0 t0-3.9; red,-4.0 or less; light greer2.0 to+2.9; dark green;

+3.0 to+3.9; black,+4.0 and above.

tions were also beginning to confirm the existence awkeekly Weather and Crop BulleiNOAA/USDA

severity of this drought. On 12 March 1996, the Joihi®96a) showing that precipitation for the October
Agricultural Weather Facility published a chart in th&995—February 1996 period for the major region of
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hard red winter wheat production, from southern Neost of the drought-affected regions during July, Au-
braska to northwest Texas, was the second lowesgust, and September. Figure 3 shows how the drought
101 yr (Fig. 2). Wheat farmers, particularly in Kandecreases in intensity and spatial extent with the June
sas, Oklahoma, and Texas, already knew their wh8amnonth, July 10-month, August 11-month, and Sep-
crops were in trouble, and this was verified in USDfember 12-month SPI maps. The next section will look
reports (Associated Press 1996; Edwards 1996).anhow well the SPI detected and monitored the 1996
Texas and Oklahoma, wildfires caused by hot, windlyought for Texas. Similar case studies could also be
conditions burned across dry rangeland. These fireade illustrating the versatility of the SPI for any of
received considerable national media attention atin# states impacted by the drought, demonstrating how
prompted Texas Governor George W. Bush to requds#ferent timescales reveal important information
that the entire state be declared a disaster area omigue to each case.
February Los Angeles Timek996).

March 1996 was again dry across most of the
United States. The 6-month SPI map for the Octobr Texas and the 1996 drought
1995 through March 1996 period (Fig. 1e) shows that
the SPI values generally declined during March in the Although October, November, and December were
drought regions of the southern plains and Southwetity across northern Texas in 1995, the drought did not
The PDSI map for 30 March (Fig. 1f), meanwhile, igeally hit the entire state with full force until January
only beginning to show that drought might be a prott996 (Fig. 4a). Both January and February were ex-
lem in parts of this region. However, it completely failsemely dry statewide (Figs. 1c, 4b), which was also
to reveal the drought’s severity in the winter wheat béltie in Oklahoma. It was during February and early
from Kansas to Texas. The PDSI continued to show/arch that wildfires broke out because of dry, warm,
deterioration of conditions throughout April and inteand windy conditions, causing major problems in both
May and June for most of the region. The true sevstates. Some of the worst fires occurred just west of
ity of the drought was not reflected by the PDSI untihe Dallas—Fort Worth metropolitan area, with one fire
mid-May. However, the month or more delay betweelestroying homes and injuring 49 people (O’'Hanlon
the SPI and the PDSI identification of the drought 1996). Ranchers in Texas began to experience diffi-
especially noteworthy. culties during February. One of the problems ranch-

Conditions remained dry during April 1996 in thers experienced throughout the drought, especially in
drought-affected regions. However, in May 1996, raiff®exas, was that beef prices were very low while grain,
returned to Kansas, although it remained dry elssad therefore feed, prices were extremely high
where. Plentiful rains then fell in parts of New Mexic@Fairbank 1996). This problem meant that ranchers
during June 1996. Finally, generous rains fell acrosgher got very little return for selling their cattle or had

to pay the high grain prices to feed
the cattle they would have preferred

6 to sell.
il R Conditions across Texas dete-
E 4 riorated through June for most of
g ! the state. This is reflected in the
-l I March 6-month SPI map (Fig. 1e)
E and the June 9-month SPI map
=al ! ! 1 ]- e . (Fig. 3a). The June 6-month SPI
E ' map (Fig. 4c) highlights the fact
g -2 - | that very little precipitation fell be-
a y 1966-67 = 1.691n. _ | 1995-96 = 1.83in., | |  tyween the beginning of January and
-4 - . T T T 1 1 | . | T the end of June across most of the
1896 1906 1916 1926 1936 1946 1956 1966 1976 1986 1996 siate. Seven of the state’s 10 cli-
Joint Agricultural Weather Facility matic divisions were in the extreme
Data provided by the National Climatic Data Center dryness category. In the far western
Fic. 2. Precipitation for the October 1995-February 1996 period for the major Ha@t Of the state, precipitation is
red winter wheat production region from Nebraska to Texas. typically low throughout the year.
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9-month SPI through the end of June 1996 10-month SPI through the end of July 1996
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Fic. 3. SPI values as in Fig. 1. Legend: tah00 to-1.49; light red;-1.50 to—1.99; dark red;-2.00 and less; light greenl.00 to
+1.49; dark greent1.50 to+1.99; black;+2.00 and above.

However, above-normal precipitation events did occtlire Rio Grande River at the International Armistad and
during April and June in the Trans-Pecos Climatiaternational Falcon Reservoirs (NOAA/USDA
Division, which includes the city of El Paso, putting thi$996b). Tourism was also affected by these low lev-
division into the near-normal category. Meanwhilels, as well as by low streamflows in rivers, such as
beneficial rains also fell in June in the Panhandline Guadalupe River, where rafting is an important
including Amarillo, diminishing the severity of theindustry (Arrillaga 1996; Curliss 1996). About 280
6-month SPI values in this region. public water systems around the state were considered
By the end of June, impacts from the drought to be at risk of water shortages because of the drought
Texas reached across the state and across many(Jetisen 1996). The Edwards Aquifer, which provides
tors of the state’s economy. Winter wheat productievater for San Antonio and five surrounding counties,
was estimated to be down 24% from 1995 productiomas approaching its record-low level. This impact also
which was also poor (UPI 1996). Vegetable, fruit, arthd environmental consequences involving endan-
cotton production in the Rio Grande Valley was alggered species within the aquifer and along the Comal
severely affected, with impacts in harvesting, transp@and San Marcos Rivers (Holmes 1996). Finally, the
tation, processing, and marketing lasting into 19@fought was having an impact on forests, and the sur-
(Antosh 1996; Fohn 1996). Production in this regionval rate for new commercially planted seedlings in
normally totals $447 million annually (Lee 1997)the state was expected to be only 60% (Jensen 1996).
Across the state, ranchers and the dairy industry wereln July, it began raining again across portions of
hit hard, and more than 130 counties applied for emaorthern Texas, with abundant rains falling in most of
gency federal subsidies (Smith 1996). Reservoir lehe drought-stricken regions of the state in August
els fell to record-low levels by May, especially alon@~ig. 4d). Departures from the normal August precipi-
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3-month SPI through the end of December 1995 2-month SPI through the end of February 1996
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6-month SPI through the end of June 1996 1-month SPI through the end of August 1996

3-month SPI through the end of September 1996 [12- month SPI through the end of December 1996

Fic. 4. SPl values as in Fig. 1. Legend: tah00 to—1.49; light red;-1.50 to—1.99; dark red;-2.00 and less; light greefl.00 to
+1.49; dark greent1.50 to+1.99; black;+2.00 and above.

tation ranged from 113% in San Antonio to 410% iareas. San Antonio and Del Rio, along the Rio Grande
Austin, with most of the state greater than 200% Bfiver, were near normal for the month. At the end of
normal (NOAA/USDA 1996c¢). September, the 3-month SPI map (Fig. 4e) shows the
During September, abundant precipitation contifisur climatic divisions across northern Texas either in
ued for the hard-hit Houston, Austin, and Brownsvillthe moderately, very, or extremely moist categories.
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Eight of nine climatic divisions in Oklahoma are alsduced by the National Climatic Data Center, so that the
in the same categories. The 12-month SPI map at tiagpability now exists to monitor drought conditions
end of September 1996 (Fig. 3d) indicates that lor@gross the country using timely SPI values.
term drought conditions may still have existed across The 1996 drought also demonstrated that the SPI
southern and eastern Texas. The 12-month SPI nidgntified the onset and severity of the drought at least
for December 1996 (Fig. 4f), which captures the month in advance of the PDSI. This is very impor-
drought’s January 1996 start across southeast&nt because most policy decisions involving drought
Texas, demonstrates that long-term drought was stiid drought relief up to this point have been based on
a concern in that part of the state. This is an area ttie PDSI. In 1996, attention focused on the drought
includes the cities of Houston, Austin, San Antoni response to certain highly visible events, such as the
Del Rio, and Brownsville. Levels in the Amistad andiildfires in Texas and Oklahoma during February and
Falcon International Reservoirs were still far beloMarch and the severe impact on the winter wheat crop.
what they normally are for the end of Decembdie PDSI values significantly lagged these drought-
(USGS 1997). By the end of January 1997, state offelated impacts. Using the SPI as a drought-monitoring
cials were still declaring that drought existed in the Riool will improve the timely identification of emerg-
Grande Valley and that the continuing low reservaing drought conditions that can trigger appropriate
levels could have a major impact on crop productiatate and federal actions.
and municipal water supply during the rest of 1997 One aspect of the SPI not included in this study is
(Lee 1997). how the SPI might be able to monitor conditions lead-
ing up to a major flooding event. For the northwest and
northeast part of the United States, 1996 was a very
6. Conclusions wet year, with damaging floods observed in both re-
gions (Fig. 4f). It is possible that the SPI could also
When the SPI was developed in 1993, it filled lae used as a tool to monitor the development of con-
void in the capability to monitor the onset and durdalitions with excess moisture.
tion of droughts. The PDSI is widely used because it In the future, the SPI will receive much more vis-
has been the best drought index available, but there ibdgy as water resources managers and policy mak-
always been dissatisfaction with its limitations and iesys become aware of its existence. Research will
complexity. In comparison to the PDSI, the SPI is releentinue on the SPI to see if improvements to the in-
tively simple and versatile and does not have manyd#Xx, or its interpretation, can be made. A possible
the limitations associated with the PDSI. The most irimprovement might be to calculate it on a weekly or
portant characteristic of the SPI is its flexibility tdiweekly basis rather than by the month, as it is cur-
observe different timescales. This characteristic makestly done. Even with the current optimism about the
the SPI a valuable tool for all water resource managPl, it must be remembered that the SPI cannot solve
ers interested in either short- or long-term moistuadl moisture monitoring concerns. Rather, it is one tool
supplies. that can be used in coordination with other tools, such
During 1996, the SPI demonstrated that it would haae the PDSI or remote sensing data, to detect the de-
been a beneficial tool for detecting and monitoring tivelopment of droughts and monitor their intensity and
drought in the southern plains and southwestern Unitdatration.
States. Although the drought was regionwide, the dynam-
ics of the drought varied by location. This paper has il-
lustrated how the SPI could have been used operationfliferences
to follow both the regional and local progression of the
drought from its development in late 1995 to its conclidpey, w. M., 1984: The Palmer Drought Severity Index: Limita-
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] o . fArn aga, P., 1996: Drought drains lake, economy of border town.
grown, and near-real time maps are available on hegouthwest Sundag? August.
NDMC and Western Regional Climate Center Web Sit&Ssociated Press, 1996: Grains, soybeans finish mixed as fresh
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