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Desert vs Drought
Desert:
N

orm
al condition is less precipitation than evaporation 

on an annual basis.



Rainfall            +3.62”
Evaporation  -58.15”
N

et                 -54.53”

Rainfall          +52.59”
Evaporation  -23.48”
N

et                +29.11”



Desert vs Drought
Desert:
N

orm
al condition is less precipitation than evaporation 

on an annual basis.

Drought:
Drier than norm

al conditions.  C
an have Hydrologic 

im
pacts, A

gricultural im
pacts, Ecological im

pacts or 
Socio-econom

ic im
pacts 

In w
et regions, like the East C

oast or the G
ulf C

oast, this 
could be a w

eek w
ithout rain.

In dry regions, like the W
estern U.S., this w

ould be 
consecutive years w

ithout rain –
a cum

ulative effect.



Rainfall            +3.62”
Evaporation  -58.15”
N

et                 -54.53”

Rainfall          +52.59”
Evaporation  -23.48”
N

et                +29.11”



Short-term
 Drought vs 

Long-term
 Drought

Short-term
 Drought:

A
 drier than norm

al season that results in significantly 
reduced vegetation grow

th –
rangeland grass, forage, 

crops.

O
r an unusually dry spring or sum

m
er that results in dead 

vegetation and increased brushfire risk.

Long-term
 Drought:

C
onsecutive dry years resulting in reduced w

ater 
resources.  Low

 stream
flow

, low
 reservoir levels, stressed 

forests that can lead to m
ajor forest fires.  



W
hen does it start and 
w

hen does it end?
Droughts are slow

 m
oving disasters that w

e 
rarely recognize until after they have taken 
hold.  W

e usually have to look back to 
determ

ine w
hen a drought started.

Droughts have no set length or cycle.  The next 
rainstorm

 or snow
storm

 m
ay not signify the end 

of the drought.  

Tim
ing is critical –

did the rain com
e at the right 

tim
e?



Im
pacts are everything

.

W
ho is affected and how

 are they 
affected?

Rangeland, W
ildlife,  Livestock, C

rops, 
Stream

flow
, Riparian System

s, 
A

quifers, W
ater Supplies



Droughts have Secondary 
Im

pacts
Stressed 
Forests

Dry 
Rangeland

Dry Lakes & 
Stockponds

Poor A
ir 

Q
uality

Flash 
Flooding

Poor W
ater 

Q
uality

W
ildfires

Dust 
Storm

s

Hauling 
W

ater

O
verpum

ping
G

roundw
ater

Land 
Subsidence/
sinkholes

Supplem
ental 

Feed

Econom
ic 

Losses in 
A

ll Sectors

Loss of 
Recreation

Reduced 
W

ater 
Supply

W
ells 

Running Dry



How
 Do W

e Detect a Drought?
•

There are m
any Drought Indices.  Here are a few

:
•

Palm
er Drought Severity Index

(PDSI), relative dryness based on 
tem

perature & precipitation
•

Variations include Palm
er Hydrological Drought Index, 

Palm
er M

odified Drought Index, Palm
er Z-Index –

sim
ilar but 

at different tim
e scales.

•
Standardized Precipitation Index

(SPI) based on precipitation 
ranking –

w
orks at m

any tim
es scales

•
Standardized Precipitation Evaporative Index

(SPEI) based on 
precipitation and evaporation –

w
orks better in the w

estern US.
•

Evaporative Dem
and Drought Index

(EDDI) a m
easure of how

 
anom

alous the atm
ospheric evaporative dem

and is for a 
location over a tim

e period 1-w
eek to 12-m

onth.
•

C
rop M

oisture Index
(C

M
I) based on w

eekly tem
perature & 

precipitation.
•

Surface W
ater Supply Index

(SW
SI) based on prediction of 

available surface w
ater w

ithin a w
atershed.

•
Vegetation Drought Response Index

(VegDRI) separates drought 
stress from

 other vegetation stressors.







https://d
roughtm

onitor.unl.ed
u/A

bout/W
ha

tistheUSD
M

.aspx 

Im
pacts Vary by State
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D

ry

23/37 W
et

14/37 D
ry

29/37 D
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8/37 W
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13/16 W
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3/16 D
ry

18/25 D
ry

7/25 W
et

H
istorical P

recipitation –
S

tatew
ide Averages

D
ry and

 W
et Period

s 1895-2019



W
Y 2017

W
inter Precipitation %

 A
verage C

olorado RiverBasin
W

Y 2013
W

Y 2012
W

Y 2014

W
Y 2015

W
Y 2016



W
inter 2018, 2019, 2020 (so far)

Precipitation %
 of A

verage







A
rizona Long-Term

 D
rought Status 

O
ctober  2018

D
ecem

ber 2018

Based on 
average of 24-, 
36-, and 48-
m

onth 
SPI & SPEI

June 2019
A

pril 2019



Drought in A
rizona since 2000

Drought M
onitor m

ap produced w
eekly by 

the N
ational Drought M

itigation C
enter is 

used by USDA
 to identify counties that need 

drought relief in the form
 of agricultural 

assistance –
including Livestock Forage 

Program
, and econom

ic relief from
 crop 

failure.
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M
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A
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 DA
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M
A

RC
H 5, 2014
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O
ffTheG

ridN
ew

s
M

ay 17, 2014



Source:  A
rizona Forest Health C

ond
itions 2018,  A

Z. D
ept of Forestry and

 Fire 
M

anagem
ent Bark Beetle Infestation -2018



2018 –
Bark 

Beetle 
infestation 
m

ap.

Increase in 
acres 
affected

 by 
Bark Beetles 
from

 2017 to 
2018 w

as 
3,141%

Source:  A
rizona Forest Health C

ond
itions 2018,  A

Z. D
ept of Forestry and

 Fire 
M

anagem
ent



M
t. 

Bigelow
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The Rod
eo-C

hed
iskiFire b

urns a
cross the M

ogollon Rim
. The m

a
ssive 

2002 b
la

ze b
urned

 468,638 a
cres. USD

A
, A

p
a

che-Sitgrea
ves

N
F

http://w
w

w
.srpnet.com

/w
ater/forest/involvem

ent.aspx

Rod
eo-C

hed
iski 

2002
468,638 acres 
burned



W
allow

 Fire -2011
~538,049 acres, 841 sq. m

i.

Kari G
reer/U. S. Forest Service 

27



C
lim

ate Science Special Report: Fourth 
N

ational C
lim

ate A
ssessm

ent

N
um

ber of Large W
ildfires in W

estern Regions 
from

 1984-2011



A
nnua

l N
um

b
er of A

cres Burned
 in 

W
ild

land
 Fires, 1980-2018





f
Prim

ary air pollutants

•
Particula

te M
atter (PM

)
•

C
O

•
N

O
2

•
Polycyclic arom

atic hyd
rocarb

ons(PA
Hs)

•
V

olatile organic com
p

ound
s(V

O
C

s)

f
Secondary air pollutants

•
Particula

te M
atter (PM

)
•

O
zone

fW
hen vehicles and buildings burn:

•
Structura

l fire sm
oke conta

ins other toxic a
ir conta

m
ina

nts
•

H
C

N
, H

C
l, p

hosgene, m
eta

ls
•

toluene, styrene, d
ioxins

31

C
hem

istry of W
ildfires

Presentation W
ild

fires &
 Health

Kari N
ad

eau, Ph.D
. M

.D
. Stanford

 M
ed

icine
http://m

ed
.stanford

.ed
u/w

ild
fire-and

-health-Presenta
tion-Kari-

2.17.19rev.pp
tx



Flood
w

a
ters ga

ther a
t the Schultz Fire site. Estim

a
tes p

ut the d
a

m
a

ge ca
used

 
b

y the fire a
nd

 sub
seq

uent flood
ing a

t $147 m
illion. Ecologica

l Restora
tion 

Institute, N
A

U
http://w

w
w

.srpnet.com
/w

ater/forest/involvem
ent.aspx



Post-Fire Burn Scar Health Effects:

High fire tem
peratures force hydrophobic 

substances into the soil essentially sealing it 
from

 absorbing w
ater.

Run-off after rainfall becom
es overland flow

, 
causing significant flooding dow

nstream
 of the 

fire.

Debris from
 the burn is also w

ashed 
dow

nstream
 into the w

ashes, stream
s, and 

reservoirs, leading to w
ater quality issues.

Ponding of w
ater that does not infiltrate leads to 

increased populations of potentially disease 
carrying m

osquitos.  



July 5, 2011  M
ajor D

ust S
torm

 50 m
ph w

inds, ~100 m
iles w

ide, 5000-6000 
feet high, traveled 150 m

iles from
 Tucson past W

ickenburg

http://w
w

w.w
rh.noaa.gov/psr/pns/2011/July/D

ustS
torm

.php



Highw
ay Dust Storm

s



A
rizona W

ater Sources



O
verpum

ping
G

roundw
ater –

prevalent in East Valley









Q
UESTIO

N
S?

selover@
asu.edu

480-965-0580


