
The Reclamat ion Drought lndex:
Guidel ines and Pract ical  Appl icat ions

Karen Weghorstl

Abstract

Drought is a fami l iar  occurrence that lacks the drama and
immediacy of  other natural  d isasters such as hurr icanes, f loods, and
earthquakes, but the economic repercussions can be equally devastating.
The Reclamation States Drought Assistance Act of 1988 was passed in
response to the widespread drought conditions that much of the United
States experienced in 1987 and 1988. The act allowed individual states
to seek assistance in the form of f inancial aid and resource management
from the federal government for the purpose of mitigating the effects of
drought.  Thq Index (RDl)  was develope4 for
p_gss1ple tglg1q gs€i-qa trigger in determininq when a drouqht is severe
eloggh fglan_ area to rg_qgiv_e _e_ll_qlg_en9ll_dl9qghl_relief funds from the
fe-O eil I g o";n qgnt - Thii-pipE i prese nts an ex a m p f e@
RDlJncIth--e guidel ines that should be fol lowed when calculat ing and
apply ing the index.

lntroduction

Drought is an insidious occurrence that has a tendency to "sneak
up" on a community or region. Cl imate and water supply data can be
used as drought indicators; however, these variables typically behave too
erratically to be used effectively. In most situations, scrutinizing the
deviations of a single drought indicator is not effective. Even months of
tracking several climatic and water supply indicators often will not aid in
defining the onset of a drought due to the erratic month-to-month
behavior. The Reclamation Drought Index was developed to account for
and overcome these obstacles.
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The area of the country selected
to i l lustrate the calculation and use of
the RDI for this paper is the Salt-Verde
River Basin (Figure 1).  The Sal t -Verde
Basin is located in central Arizona; and
includes the Salt River and the Verde
River Basins. This area is typical of a
very dry region that uti l izes multiple
water supply sources.

The RDI

The RDI was derived after
examining the theories, procedures,
and components involved in the
calculation of several existing drought
indexes. lt is a regressive index that is
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a funct ion of  supply,  demand, and durat ion.  The computat ional
procedures are the result of combining original ideas with techniques and
input data that have been consistently and favorably uti l ized in existing
indexes, most notably in the Palmer Hydrologic Drought lndex (PHDI)
(Palmer, 1965) and in the Surface Water Supply lndex (SWSI) (Shafer et
al . ,  1982l . .  The RDI equat ion is as fo l lows:

Reclamation Drought lndex = Supply Element + Demand Element (Eqn. 1)

where:

Supply _ a o ( Precipitation 1?-month\ u ( Precipiteri^- \ 1'2
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Supply components vary depending on the situation. For the Salt-Verde
Basin, precipitation, reservoir storage, streamflow, and snowpack were
included in the supply element. The sum of the supply component index
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coefficients a. b. c, and d equals O.5. The demand component index
coefficient is o.5. The value assigned to each supply coefficient was
dependent both on data availabil ity and the relative importance
(subjective) of the components to the water supply. When particular
components were unavailable, the remaining component coefficients
were adjusted to make up for the missing component. A l ist of the
coefficients used is not included here, but can be obtained from
Weghors t  (1996) .

Calculation of the RDI is achieved by performing five steps: define
the boundaries of the area in question; collect the pertinent climatological
and water supply data; calculate non-exceedance probabil it ies for the
historic monthly data; calculate twelve-month moving average non-
exceedance index values for all of the various components; and combine
the various twelve-month non-exceedance index values into a single RDI
value.

For each component, monthly historic data are tabulated and the
non-exceedance probabi l i ty  is  calculated for each month of  data.  The
non-exceedance probabil ity gives an indication of where each data value
ranks in relat ion to al l  of  the histor ic data.

The non-exceedance probabil it ies for the supply components are
multiplied by 1OO and then fifty is subtracted from the result to obtain
positive and negative index values that center around zero and fall
between -5O and 50. These values are cal led the monthlv non-
exceedance index values. Above normal monthly supply values produce
posi t ive monthly non-exceedance index values. The demand
(temperature) element is calculated in a similar fashion, except that the
monthly non-exceedance probabi l i t ies are mult ip l ied by 1OO and the
result is subtracted from 5O. This procedure produces negative monthly
non-exceedance index values for above normal temperatures.

Next, moving twelve-month averages (composed of the current
month plus the previous eleven months) of the monthly non-exceedance
index values are calculated. This is called the twelve-month averaqe
index value. The moving average is developed so that a pattern of
drought can be discerned. Without the moving twelve-month average
calculation, the index moves back and forth across zero with l itt le to no
discernable pattern.

The component index value is calculated by the fol lowing
equat ion:

'12-month

index value (Eqn.4)

For each component, the number of months out of the past twelve that
have had posi t ive monthly non-exceedance index values are counted,

Component _
lndex Value 

-
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and the number of  months that have had negat ive monthly non-
exceedance index values are counted. Counts of  less than six are
replaced with a minimum value of six. The index duration factor is equal
to the positive number of months if the monthly non-exceedance index
value and the twelve-month average index value are posi t ive.  l f  the
monthly non-exceedance index value and the twelve-month average
index value are negat ive,  then the index durat ion factor is equal  to the
negat ive number of  months.  When the monthly non-exceedance index
and the twelve-month average index are not both positive or negative,
then the index durat ion factor is equal  to the minimum value, s ix.

Next the supply components are combined to produce the suoplv
element (eqn. 21, and the demand element (eqn. 3).  The RDI resul ts
from combining the supply and demand elements using equat ion 1.

Comparison with Def ined Per iods of  Drouqht

The RDls for the Salt-Verde Basin were compared with periods of
d rough t  de f ined  in  USGS {1991) ,  and  Keane  e t  a l .  (1991) .  Keane 's
paper def ines drought as " three or more consecut ive years of
s igni f icant ly below average inf lows to the reservoirs" because the Sal t
River Project generally has not had to reduce water deliveries in drought
periods of two years or less. Therefore, RDI drought periods of less than
three years wil l not correspond to Keane's drought periods. An example
of how the RDl,  PHDI (WeatherDisc,  1990),  and the def ined drought
per iods compare is graphical ly displayed in f igure 2.

6
4

2
0

-2

4
-6
-8

-10

-12

1940

Year

- RDI - PHDI l-f Previously Deftned Drought Peiod

Figure 2. Compaison of the RDI and the PHDI
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For an extended period of drought, the RDI generally compares favorably
with the the previously identified drought periods. The RDI and the PHDI
tend to follow the same patterns; however. the PHD|gglera_ily_glCg_

, and it also jurnps around more
than the RDl.

RDI Severitv Desionation.

Simply speaking, an RDI of below zero indicates a drought period,
and an RDI above zero indicates a wet period. However, drought has
varying degrees of severity, and the term "normal" should encompass a
certain level of wetness or dryness. The following table lists the severity
designat ions establ ished in Weghorst  (1996):

RDI
Drought I

Severity Designations
Designat ion I Wetness

O to  -1 .5
-1 .5  to  -4 .O

<-4

Normal to Mi ld
Moderate
Extreme

O to  1 .5
1 .5  to  4

>4

Estimation of Drouqht Cvcle Duration

The estimation of how long a present drought period is going to
last can never be perfect due to the unpredictable nature of the earth's
climate. Determining whether a drought is about to occur or end is at
best a guessing game, played by combining analyses of past drought
patterns and cycles, and current and prospective weather forecasts.
When using the RDl, two methods of estimating the total duration.of a
current drought are possible. The first method involves estimating the
duration through the use of a historic analysis of past droughts and
durations. The second method involves calculating future RDI values
from assumed future values of the RDI components and then calculating
the total duration based on when in the future the RDI indicates wet
conditions. The assumed future RDI component values could be average
values, or they could be estimates that are based on future weather and
hydrologic model predictions.

Conclusions

The RDI is a function of supply, demand, and duration. The supply
element is composed of all of the renewable supply components that an
area relies on for its water supply. lt was developed for possible future
use as a trigger in determining when a drought is severe enough for an
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area to receive emergency drought relief funds from the federal
government.

Use of the RDI for defining the onset, termination, and severity of
a drought is recommended for the following reasons: . the RDI is a
flexible drought index customized for each individual area; the RDI uses
all of an areas supply components, not just precipitation;'and dry and
wet trends are more recognizable with the RDl, as opposed to the PHDI
which tends to jump around more.
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The Reclamation Drought Index (RDl)

The RDI was developed for the purpose of defining drought severity and
duration and also as aid in predict ing the onset and end of drought periods.
The RDI incorporates the theories, procedures, and components that have
been successful ly used in the calculation of other drought indexes, most
notably the Surface Water Supply lndex (SWSI) and the Palmer lndices. The
RDI is a regressive index that is a function of supply, demand, and duration,
As with the SWSI, supply components can vary depending on the situation
and may include precipitat ion, reservoir storage, streamflow, and snowpack.
Also l ike the SWSI, supply components are weighted as to their relative
importance to the system's water supply. Unlike the SWSI, the RDI
incorporates a demand element and duration components in i ts calculation.

Calculation of the RDI is achieved by performing six steps: define the
boundaries of the area in question; define and collect the pert inent
cl imatological and water supply data; calculate non-exceedance probabil i t ies
for the historic monthly data; calculate twelve-month moving average non-
exceedance values for al l  of the various components; apply the duration
factor to the 12-month moving average values; and combine the supply and
demand values into a single RDI value. The non-exceedance probabil i ty gives
an indication of where each data value ranks in relation to al l  of the historic
data. Above normal water supply non-exceedance values produce posit ive
results and indicate wet condit ions. Negative temperature (demand) monthly
non-exceedance values indicate above normal temperatures. A 12-month
moving average is developed so that a pattern of drought can be discerned.
The duration factor al lows the index to react when there is a sudden change
in an exist ing drought or wetness pattern. The duration factor is applied as
fo l lows:

( non-exceedance 12-month \ u ( duration \ 
t z

Component _\ moving average ) 
^\ factor )

Value 
- 

60

The duration factor is a function of the number of months out of the past
twelve that have had posit ive monthly non-exceedance index values
and the number of months that have had negative monthly non-exceedance
index values.

The supply components are combined to produce the supply element as
fo l lows:

ty Etement = os x1",("i,#i!!l"nt),* ",(":;F::tr",,),. * e,(":li:i,



Combining the supply and demand elements produces the RDI:

Demand Etement = 0.5 x I oemand ,l
lL;omponentl

RDI = Supply Element + Demand Element

RDI Examole. The RDls for the Salt-Verde River Basin in Arizona are
compared with the Palmer Hydrologic Drought Index (PHDI) in the fol lowing
figures:

RD lvs  Pa lmer
S a l t  V e r d e  R i v e r  B a s i n .  A r i z o n a

Y e a r
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RDI Severity Designation. An RDI of below zero indicates a drought period,
and an RDI above zero indicates a wet period. However, drought has varying
degrees of severity, and the term "normal" includes a certain level of
wetness or dryness. The fol lowing table l ists the severity designations
previously established :



Drouohf I
RDI Severity Designations

f)csinnafinn I W"t.r""*

O to  -1 .5
-1 .5  to  -4 .0

<-4

Normal to Mild
Moderate
Fxtreme

O to  1 .5
1 .5  to  4

>4

Estimation of Drought Cycle Duration. Two methods of estimating the total
duration of a current drought are possible using the RDl. The f irst method
involves estimating the duration through the use of a historic analysis of past
droughts and durations. The second method involves calculating future RDI
values from assumed future values of the supply and demand components
(based on weather forecasts).
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