Questions

*Are there diff erences between O, concentrations
for the years 199019967
Yes

*Which factors best accourt for variancein the observed O;?
NO,-NOx
Thisisremarkable considering that NO, oxidation
products are have shorter lifetime for deposition than
O; does.
*Arethere differencesin chemicd processing from year to
yea?
Y es, the apparent O, production efficiency varies by

about a factor of 2
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Compare the distribution mid-day O, concentrations during
the summers of 1990- 1996 Both the concentration duing
extreme events and the values aroundthe median dffer.
Badkground(or clean) condtions are similar aadossthe years
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Likewise, the distribution d NOy (and NO,-NO, , next
panel) concentrations shows some difference from year to
yea. The sameyearsare not higher in bah NO, and O,



NO, - NO,

5000

500

50

10

Quantiles of Standard Deviation




35 -

30 -

<SS X+~ B> O O

10 -

-2 o 2

Quantiles of Standard Deviation

Examine distribution d air temperature to seeyear-to-year
variation
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Theresiduals from a model with noannual terms $iow the
existence of significant interannual variationin Ozone
concentration that is not explained by interannual
variations in the meteorology and reaursor concentrations.



Table 1 Coefficients of aLinea model to explain surfaceOzone
concentrations at Harvard Forest as afunction of meteorology, precursor
concentrations, and temporal badground variation. Different intercepts
and NOy -NOy slopes are dlowed for eat yea.

Oz=ap+ _126alj fp +@2(NOy-NO,) + _926a§ fy+adTa+ Zasjfm
j=10 j=90
a (intercept) = 33 (ppb
a (hour) = -2.2,-13,-0.7,0.4,0.9, 1.1, 1.9 (ppb)
d, (NO,NO,):year ppb pp™* (apparent ozone production efficiency)
1990 0.0035
1991 0.0048
1992 0.0064
1993 0.0033
194 0.0053
19% 0.0072
19% 0.0057
as (year) = (-2.3,-1.2, 2.2, -5.7, 5.7, 2.4, -1.04) ppb
ay(Tair) = 1.83ppbC*
as (month) = 6.29-1.34-4.9 ppb




Table 2 Analysis of Variancefor alinear model of daytime summer
O; concentration at Harvard Forest

Sum of Sq Mean Sq FVaue Pr(F) | fraction of variance
hour 10363.3 1727.2 215 0 0.027
NOy, NO 1746313 1746313 |2175.1 0 0450
yea 68260.3 11376.7(141.7 0 0.176
Tair 34407.4 34407.4|428.5 0 0.089
month 20277.7 10138.9(126.3 0 0.052
NOz:year 11442.4 1907.1(275 0 0.03
Residuals 68363.3 69.2 - - 0.18

Residual standard error: 8.3180on 988degrees of freedom
Multiple R-Squared: 0.8237
F-statistic: 2098 on 2 and B8 degrees of freedom, the p-valueis0



Observed - Predicted O; (ppb)
-20

Quantiles of Standard Normal

Residuals from the linear model are normally distributed over
most of their range



O, trend (ppb)
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The average diel trendisa4 ppbincrease from 1000to 1600
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The intercept (background concentration varies over nealy
20 ppb
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The mean seasond trend in Ozone background gves an
amost 14 ppbdecrease from June to August
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For constant light and NO, -NO,. concentration azone

concentrations vary linearly with temperature. Seasona
and del trends have not been removed from this plot.



predicted O, (ppb)
at mean T and PAR
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For constant light and temperature concentration azone
concentrations vary linearly with NO, -NO, .



Predicted - Observed O, (ppb)
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The variations in O3 concentration associated with wind
sector are largely removed by the fit to NO,-NO,
Including wind direction in the predictive model does not
improve it any further.
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The NO, -NO, coefficient varies from year to year.

R? for the least squares fit for datafrom each year is
givenin ()
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