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CHAPTER 6 

Arizona Climate and Riparian Areas 
By Mike Crimmins 

 
Introduction 

 
Despite its notoriety as a dusty and dry place, Arizona possesses an exceptional diversity 
in landscapes, ecosystems, and even riparian areas.  Its dramatic topographic features and 
geographic position bring a range of temperatures and precipitation equivalent to the 
range experienced between Mexico and Canada.  Topographic features create steep 
gradients in temperature and precipitation that support ecological community types from 
mixed conifer at high elevations to desert scrub at lowest elevations.  Riparian system 
composition and function varies within these community types and are further linked to 
climate through seasonal and interannual variability in precipitation type (rain vs. snow) 
and amount and temperature regimes.  
 
This exceptional variability in Arizona temperatures and precipitation amounts affects 
riparian areas in complex ways.  Patterns in temperature and precipitation related to 
topography directly impact riparian areas by controlling the amount of water available for 
streamflow and length of growing season for riparian vegetation.  Upper elevation 
locations are often wetter than lower elevation locations but cooler with shorter growing 
seasons.  Lower elevation locations are the opposite with less direct precipitation, but 
with warmer and longer growing seasons.  Many lower elevation riparian areas in 
Arizona rely on upper elevation precipitation to produce perennial streamflow.  Slow 
springtime snowmelt and groundwater movement can provide a stream with a baseflow 
that extends well into the summer season.  Riparian vegetation can flourish when this 
water is available through the dry and hot spring and early summer season.  Interannual 
variability in winter precipitation amounts can disrupt spring streamflows and impact 
riparian vegetation.  Dry winters with low snow pack levels can cause streams that 
normally flow perennially to run dry even in the early spring. 
 
 
Background on Arizona Climate 

 
Coarse climate classifications label Arizona as a hot, mid-latitude to subtropical desert. 
This classification is correct in labeling Arizona as generally arid, but misses the fine-
scale variability in precipitation and temperature regimes induced by topography across 
the state.  Elevations range from 20 meters above sea level in the southwest corner of the 
state to over 3000 meters in the San Francisco Peaks north of Flagstaff. Temperatures 
decrease with elevation, so upper elevation sites will experience substantially cooler 
annual average temperatures than low desert locations (Figure 1a).  Precipitation amounts 
are also strongly tied to topography (Figure 1b) with higher elevation locations generally 
receiving more annual precipitation.  The term ‘orographic lifting’ describes the process 
by which moist air is forced upward over mountains, inducing the formation of 
precipitation.  Winter storm systems coupled with orographic lifting can deliver relatively 
large  
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amounts of both rain and snow to Arizona’s mountains during the winter season 
(Sheppard et al., 2002).  Lower elevation areas downwind of large mountain ranges in 
Arizona can also experience decreases in precipitation related to this orographic effect. 
Large-areas of northeastern Arizona are in the ‘rain shadow’ of the Mogollon Rim 
mountain range that runs from northwest to southeast across central Arizona.  Storm 
systems that move in from the west or southwest are stripped of moisture by orographic 

 
Figure 1. a) Annual average temperature (top) and b) annual average 

precipitation for period of 1971-2000 (bottom) (data source: PRISM Oregon 

Climate Service).  
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lifting and subsequent precipitation that occurs along the Rim.  This limits the moisture 
available for precipitation to the north and east of the Rim.   
 
Patterns in temperature and precipitation affect riparian areas by controlling the amount 
of water available to enter streams.  The intensity, duration and frequency of precipitation 
events all govern how quickly and how much water is available to stream systems. 
Temperature adds an additional dimension to the hydrologic cycle by controlling the rate 
of evapotranspiration within the system.  Higher temperatures lead to higher rates of 
evapotranspiration and a flux of water out of the system and into the atmosphere.  
 
Looking at large-scale patterns in precipitation and temperature can lend insight into 
where perennial water may be found.  The combination of higher precipitation and cooler 
temperatures at higher elevations can create the situation where water entering the system 
through precipitation exceeds water leaving the system through evapotranspiration.  This 
surplus in water is shed as runoff or as the movement of water in soil to streams.  The 
slow movement of water in soil to streams can help sustain the baseflows in perennial 
streams.  Low desert areas where annual precipitation amounts are low and temperatures 
are high often have deficits in available water for streams.  High temperatures and 
plentiful sunshine drive high potential evapotranspiration rates.  Actual 
evapotranspiration rates are in fact quite low due to the low annual precipitation amounts 
and subsequent low soil water amounts in the low desert areas of Arizona.  
 
 
Large-scale atmospheric controls on AZ Climate 

 
Topography is not the only reason Arizona has an exceptionally diverse range of climatic 
regimes.  Its location near the west coast of North America and its position near 30o north 
latitude are critical determinants of a semi-arid climate.  Global circulation patterns cause 
a semi-permanent circulation feature called a subtropical high to form around 30o north 
and south of the equator around the globe (Figure 2).  There are many of these 
subtropical high pressure systems and almost all of them are associated with limiting 
annual rainfall and creating arid conditions.  Deserts in places like northern Africa and 
Australia are associated with the position of subtropical high pressure systems.  Arizona 
is influenced by two subtropical high pressure systems, the Pacific High and the Bermuda 
High. 
 
Arizona receives most of its annual precipitation in two distinct seasons, winter and 
summer (Figure 3).  Winter precipitation comes from large-scale low pressure systems 
that traverse the Southwest, drawing in moisture from the Pacific Ocean and producing 
widespread rain and snow.  Energy to fuel these large-scale low pressure systems comes 
from the mid-latitude and subtropical jet streams that can be active in proximity to the 
southwestern United States during the winter (Woodhouse, 1997). 
 
Summer precipitation in Arizona is the result of very different atmospheric dynamics. 
The mid-latitude jet stream retreats far north during the summer and the subtropical jet 
stream is replaced by a large high pressure system anchored over the eastern Pacific  
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Figure 3. Average Arizona precipitation and temperature by month. 

 
Figure 2. Conceptual model of global circulation patterns in the subtropics. 



 76 

Ocean.  The mechanism that produces summer precipitation is not associated with large-
scale jet streams or strong low pressure systems, but from convective thunderstorms that 
arise through the combination of solar heating and moisture.  Sunshine and solar heating 
are plentiful across Arizona during the spring and summer, but moisture levels adequate 
for thunderstorm development are not always present.  A subtle change in circulation 
patterns during the summer opens up a flow of moisture from the south that dramatically 
increases convective thunderstorm activity across the state.  That shift in circulation 
marks the beginning of the Arizona monsoon season.  
 
Arizona is situated between strong low pressure systems occurring to the north in the 
wintertime and strong monsoonal thunderstorms occurring to the south during the 
summer months (Figure 4).  The energy and atmospheric dynamics responsible for 
producing precipitation during each of these seasons are far to the north and south during 
each of these seasons.  The moisture needed to produce precipitation in conjunction with 
these dynamical systems is also far to the north during the winter and to the south during 
the summer (Figure 4).  
 
The fact that Arizona is on the periphery of the dynamics and moisture sources necessary 
to produce precipitation in any given season can help explain why it is an arid place.  
This creates large amounts of variability in precipitation amounts geographically and 
temporally.  Subtle shifts in the position and strength of the mid-latitude and subtropical 
jet streams during the winter or the Bermuda subtropical high pressure system during the 
summer can bring the dynamics and moisture necessary for precipitation right over 
Arizona or move it far away.  Variability in large-scale circulation and sea surface 
temperature patterns can cause these subtle shifts to occur, especially during the winter, 
and they can persist for months to years impacting precipitation amounts over Arizona.    
 
 
El Niño – Southern Oscillation 

 

Arizona climate and hydrology are strongly influenced by sea surface temperature 
patterns in the equatorial Pacific region.  These patterns can disrupt the location and track 
of jet streams that bring winter weather systems to the southwestern United States.  
Winter precipitation and subsequent streamflow from snowmelt can be dramatically 
above or below average depending on conditions in the Pacific.  The variability in 
equatorial Pacific sea surface temperatures is controlled by a phenomenon called the El 
Niño-Southern Oscillation.  
 
Pacific sea surface temperatures tend to oscillate between warm and cold along the 
equator in the eastern Pacific every two to seven years.  This oscillation is called the El 
Niño-Southern Oscillation (ENSO).  Atmospheric pressure and circulation patterns are 
strongly tied to these changes in sea surface temperatures.  Weak surface low pressure 
systems and broad areas of thunderstorms form in response to areas of warm ocean water, 
while cool water reinforces surface high pressure systems and clear and dry weather. 
Within ENSO, El Niño refers to periodic changes in sea surface temperatures while the  
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Figure 4. Average flow patterns and moisture airmass boundaries for a) winter 

(top) and b) summer (bottom). 
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Southern Oscillation is the atmospheric response to these patterns.  Periods when sea 
surface temperatures are above-average at the equator along the coast of South America 
are called El Niño events.  When the pattern is reversed and temperatures are cold it is 
called a La Niña event. 
 
El Niño and La Niña events create disruptions in the winter mid-latitude and subtropical 
jet streams that favor and hinder precipitation across Arizona.  The circulation pattern 
associated with El Niño is a strengthened subtropical jet that delivers moisture and wet 
weather directly to Arizona.  La Niña events tend to create a blocking high-pressure ridge 
(strengthening of Pacific subtropical high) over the western U.S. that directs winter 
storms towards the Northwest coast leaving Arizona dry.  
 
The Southern Oscillation Index (SOI) is used to track whether the Pacific is experiencing 
an El Niño or La Niña event or just neutral conditions.  The SOI is an atmospheric index 
that is calculated by measuring the pressure differences between two weather stations 
located in the Pacific, Tahiti (an island in the east-central Pacific) and Darwin (a city in 
northern Australia).  If the pressure in Tahiti is much lower than Darwin, the index will 
be a relatively large negative number.  This indicates an El Niño event.  The warm waters 
around Tahiti will cause the atmospheric pressure to be lower than the Darwin location.  
When Darwin has warmer waters and lower pressures than Tahiti it is a La Niña event. 
 

Figure 5 shows mean annual flow for a gauging station in eastern Arizona and the state of 
ENSO in the Pacific using SOI.  Note the connection between the frequency of strong La 
Niña events during the 1940’s and 1950’s and the low flows at the gauging station.  The 
persistent La Niña events are believed to have caused many years of below-average 
winter precipitation over Arizona and the broader western U.S. region leading to the 
1950’s drought (Cole and Cook, 1998).  In contrast, the period from the mid 1970’s 
through the late 1990’s was a wet period associated with an increased frequency of El 
Niño activity.  
 
The connection in Arizona between below-average winter precipitation and La Niña 
events is much stronger than the one between above-average winter precipitation and El 
Niño events.  Figure 6 is a scatterplot depicting the relationship between ENSO state and 
statewide winter precipitation for Arizona.  Note how most La Niña events (positive SOI 
values/blue dots) are related to below-average winter precipitation while there is a large 
spread in precipitation amounts associated with El Niño events (negative SOI values/red 
dots).  This difference is important when using climate forecasts based on ENSO state for 
upcoming winter precipitation amounts.  La Niña events will typically bring below-
average winter precipitation while El Niño events can bring either very wet or dry 
conditions depending on subtle variations in jet stream position and moisture availability.  
Also, note the high variability in precipitation during ENSO neutral conditions (green 
dots).  Variability in winter precipitation is normally very high for Arizona due to its 
relatively unfavorable geographic position with respect to the mid-latitude winter storm 
track.  
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Pacific Decadal Oscillation 

 
The historical and reconstructed paleo-records for precipitation in Arizona show 
variability in precipitation at much longer timescales than the 2-7 year period 
characteristic of ENSO.  Persistent multi-decade wet and dry periods are present 
throughout Arizona’s climate records.  The famous 1950’s drought was a persistent dry 
period, while the latest period from the 1970’s to late 90’s was a persistent wet period. A 
potential culprit for this long-term variability in precipitation is a phenomenon called the 
Pacific Decadal Oscillation (PDO).  The PDO manifests itself as decadal changes in sea 
surface temperature and circulation patterns in the north Pacific.  During the positive 
(negative) phase of PDO, sea surface temperatures along the northern North American 
Coast are above (below) average with a stronger (weaker) persistent low pressure system 
in the Gulf of Alaska.   
 
The phase of PDO is important to Arizona because of its apparent relationship with 
ENSO activity and broader atmospheric teleconnection patterns (Brown and Comrie 
2004).  An atmospheric teleconnection occurs when a meteorological event (e.g. 
thunderstorms associated with warm water during an El Niño event) induces a related 
atmospheric response (e.g. change in jet stream position and storm track) at a distant 
location.  The teleconnection pattern of wet conditions during El Niño events tends to be 
stronger when the PDO is in its positive phase.  The opposite is true during negative 
PDO, when the La Niña’s dry winter teleconnection is more evident. There is controversy  

 
Figure 5. Mean annual Gila River flow at Calva and ENSO state. 
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over the origin and mechanisms of PDO.  There is growing consensus that PDO is 
nothing more than a long timescale reflection of ENSO variability in northern Pacific 
(Schneider and Cornuelle, 2005).  Nonetheless, it does appear to represent a real 
phenomenon that affects winter precipitation across the southwestern United States.  
Many La Niña events and a negative PDO were present during the 1950’s drought and 
may have been the cause of the persistent below average winter precipitation during that 
period. 
 
 
Characteristics of precipitation in Arizona 

 
Some of the major large-scale mechanisms that control winter and summer precipitation 
from year to year have been discussed, but not the nature of precipitation during each 
season.  The intensity, duration, frequency and type of precipitation are all critical to how 
much water is available and when it is available for riparian processes.  Wintertime 
precipitation is typically associated with large-scale circulation features like low pressure 
systems.  These systems usually produce broad areas of precipitation at low intensities for 
extended periods of time (hours to days).  Precipitation can often fall and accumulate as 
snow at higher elevation locations.  These low-intensity, long-duration events can allow 

Arizona Winter Precipitation vs. Previous Summer SOI
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Figure 6. Scatterplot of Arizona statewide total winter precipitation versus 

previous summer ENSO state represented by the Southern Oscillation Index 

(SOI). Data points represent the period from 1951-2004. Red dots represent 

El Niño events, green dots neutral conditions, and blue dots La Niña events. 
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precipitation to infiltrate more deeply in areas with soil and reduce runoff rates.  Snowfall 
is held in storage until melting occurs from the warm ground below or a combination of 
above freezing air temperatures and direct solar radiation.  Melting from these 
mechanisms is typically slow and allows water to enter streams over extended period of 
time.  It is not uncommon in Arizona for snow levels (elevation at which snow falls) to 
vary from storm to storm.  One storm may bring heavy snowfall to an area and the next 
heavy rainfall.  Accumulated snow can be rapidly melted during storms with heavy 
rainfall, producing large amounts of runoff and flooding. 
 
Summertime precipitation, in contrast, is characterized by localized, high-intensity short-
duration events.  The North American Monsoon System pulls moisture into Arizona, 
creating an environment that is favorable for ‘airmass’ thunderstorms.  Airmass 
thunderstorms are not initiated or focused by large-scale circulation features, but by 
small-scale topographic features.  These convective thunderstorms can produce high 
rainfall rates (> 25 mm/hr), but are often short-lived (< 5 hours) and small in extent (< 
10km wide).  Watershed areas that receive rainfall from a convective storm can 
experience flash flooding that recedes quickly after the storm has dissipated. 
 
 
Conclusions  

 

Arizona’s dramatic extremes in climate can be explained by its varying topography and 
unique geographic location.  Spatial patterns in temperature and precipitation are strongly 
constrained by topography with highest elevations possessing the coolest and wettest 
climatic regimes in the state.  Arizona’s hottest and driest locations are in lowest parts of 
the state in the western deserts along the Colorado River.  Most of the water available for 
streamflow in perennial streams originates in these upper elevation areas that receive the 
most precipitation.  Winter precipitation in the form of snow is an especially important 
source of water through the spring and summer for streamflows and riparian vegetation.  
 
Precipitation amounts can vary widely from year to year because of Arizona’s location 
with respect to large-scale circulation features.  A sub-tropical high pressure system with 
warm and sunny conditions can dominate the weather over the southwestern United 
States in almost every month of the year.  Winter precipitation comes from low pressure 
systems that ride along a jet stream that is displaced south over Arizona.  This type of 
storm system is relatively infrequent during most years.  Summer precipitation is 
dependent on the strength and position of the expanded Bermuda high.  If the high 
weakens or moves slightly during the summer season, the flow of moisture to Arizona 
can be cut off.  
 
Variability in Pacific sea surface temperatures patterns can influence these large-scale 
circulation patterns important to Arizona precipitation mechanisms.  This is especially 
true during the winter months when ENSO can influence circulation patterns that favor 
(El Niño) or hinder (La Niña) winter precipitation.  These relationships can even persist 
for many years to decades, as shown by the effect of PDO on winter ENSO 
teleconnection patterns. 
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Arizona riparian areas are especially sensitive to the interannual climatic variability 
discussed above.  Winter and summer precipitation amounts vary widely from year to 
year under ‘average’ conditions not influenced by ENSO activity.  ‘Normal’ 
thunderstorm activity can bring extremely heavy rain and flooding to small watershed 
areas over the course of a summer, altering stream channels and impacting riparian 
vegetation.  El Niño events can produce exceptionally wet winters beneficial to riparian 
areas, while La Niña winters are typically dry for Arizona and can negatively impact 
streamflows and riparian function.  Years of persistent below-average winter 
precipitation are not uncommon in Arizona and are typically related to persistent La Niña 
events and long-term variability in the PDO.  Drought conditions can negatively impact 
riparian areas by stressing vegetation and limiting or eliminating baseflows critical to 
maintaining riparian habitat.     
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