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CONCLUSIONS &

MANAGEMENT 

IMPICATIONS

ÅPrior to treatment the two forests

were found to have similar seasonal

trends in ET. (Figure 1)

ÅIn the first year after thinning (2007),

annual ET was 17% lower at the

restored site than the control site

ÅIn the second year after thinning

(2008), annual ET was 15% lower at

the restored site than the control site

(Table 3)

ÅThe largest differences in ET

between restored and control sites

occurred in late spring and early

summer before the monsoon season

ÅSoil water storage was similar for

both sites in 2005 and 2006 prior to

thinning (Figure 2)

ÅSoil water storage was greater at

the restored site than the control site

starting in the first spring after

thinning

Using the eddy covariance

measurement system (Figure

4) this study compared

evapotranspiration (ET)

between an untreated control

site and a site that was

thinned and burned using a

restoration based prescription,

before and after thinning.

Nighttime ET is also assessed

in order to better account for

all ET occurring on both sites.

In the arid Southwest, water

lost through ET is important to

quantify because it helps to

create a more accurate water

balance. Reducing water loss

promotes increased stream

flow and aquifer recharge

rates

The restored site is 8km from the untreated site and

occurs on similar soil, also in the NAU Centennial

Forest. Thinning occurred in September 2006 on

167 ha in the footprint of the eddy covariance

system. Slash produced by the thinning was piled

on site and burned in 2007 (Figure 1).

UNTREATED FOREST

before

Site name CONTROL RESTORED

Coordinates Degree
35 5ô 23.03''  N   

111 45' 44.99'' W

35 8' 35.00'' N 

111 43' 39.04''  W

Soil
Complex of Mollic Eutroboralf and 

Typic Argiboroll
Typic Eutroboralf

Dominant species Pinus ponderosa Pinus ponderosa

Leaf area index m2 m-2 2.3 1.6 to 0.9

Tree density N ha-1 853 471   to 154

Basal area m2 ha-1 30 20.5 to 12.6

Canopy height m 18 18

ÅNighttime evapotranspiration

was approximately 4% of

maximum ET for both sites

ÅThe most common time for

high nighttime ET is predawn

(4-5 am) (Figure 3)

ÅNighttime ET is thought to be

correlated to high vapor

pressure deficit and high soil

water content

ÅReduction of tree basal by 35%

and tree LAI by 40% by thinning

reduced stand-level ET by 17%

in the first year after thinning

and by 15% in the second year

(Table 2)

Table 1:Characteristics of the sites

after

RESTORED  FOREST

Date

1/1/2005  7/1/2005  1/1/2006  7/1/2006  1/1/2007  7/1/2007  1/1/2008  7/1/2008  1/1/2009  
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Figure 2.  Water storage in the top 600 mm of soil for the restored and 

control sites between fall 2005 and the end of 2008.  

Table 2. Annual evapotranspiration (ET) measured with the tower-based eddy covariance technique at the control and 

restored sites in 2006, 2007, and 2008.  The units, kg m- 2 yr-1, are equivalent to L m-2 yr-1, and mm yr-1. The 

percent difference between control and restored sites is shown in parentheses 

Figure 1. Evapotranspiration (ET) measured with the tower-based eddy covariance technique at the control and restored sites in 2006, 2007, 

and 2008.  The units, kg m-2 month-1, are equivalent to L m-2 month-1 and, mm month-1. 

The untreated site was a ponderosa pine stand

excluded from silvicultural treatments or fire in the last

century. This site, located in the Northern Arizona

Centennial forest (elevation 2180 m), represents a

typical example of the forest of the region, with a

continuous canopy cover of ponderosa pine (Pinus

ponderosa), occasional Gambel oaks (Quercus

gambelii), and a sparse understory.

Å Two stands measured

ÅOne restored stand

ÅOne untreated stand

Å Eddy Covariance system 

used to measure 

evapotranspiration from 

each site before (2005-

2006) and after (2006-2007) 

treatment

Å Site measurements used to 

calculate monthly ET
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Figure 3. Monthly average water flux by hour for June/July, August, and 

October.

Year & ET 

kg m-2 yr-1

Site Year 2006 Year 2007 Year 2008

Control 478.5 537.3 556.5

Restored 476.4 446.2 474.6

% Change -0.40% -17% -15%

Figure 4. Eddy covariance system on the control site.  

ÅPreliminary results 

suggest little nighttime 

ET in ponderosa pine 

forests.

ÅRestoration thinning 

reduced ET of the 

ponderosa pine stand 

in our study in the first 

and second years after 

treatment. Longer term 

responses are currently 

being investigated.

ÅThe amount of ET 

reduction (15 to 17%) 

was not congruent with 

the LAI reduction due 

to thinning (40%); this 

suggests a shift in 

water movement in the 

thinned stand.

ÅThinning reduced 

water use for ET and 

increased soil water 

storage. These results 

support thinning as a 

means to increase 

water availability to 

springs and 

groundwater in Arizona 

ponderosa pine 

forests.


