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OBJECT : We aim to uncover and visualize
abnormal climate changes.

1. INTRODUCTION

Fj:gure 1A: Centeral America with elevation informaion Figure 1B: Data Missing Locations 55W and 37,45N ~ 22.453 On 24 by 24 grid
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VARIABLES AND UNITS : Variables are

NoTE: ALL VARIABLES EXCEPT FOR

ELEVATION HAVE IDENTICAL VALUES month'y averages from Jan 1995 tO DeC

IN 2 AND 3.

2000 except for elevation.

1. Elevation - Meter

ol Ty 2. Surface & Air Temperature - Kelvin
| 3. Ozone - Dobson

4. Cloud Low & Mid & High - %

DATA MISSING : Cloud low has missing
observations [Figure 1B].
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We considered a nonparametric spatial model
to impute the missing data in cloud low, using
location and elevation information.

Location 3 Location 4

MODEL : Smoothing Spline ANOVA

Cloud Low = fi(lati) + fo(long) + f1 2(lati, long)
1+ f3(elevation) + Error again, including the imputed values.
4.Update the imputed values.
where f1, f2, 3 are nonparametric functions 5.Repeat 3 and 4 step until imputed
for main effects and /1,2 for an interaction, values converge.

respectively.
RESULT : We selected nearby locations

PRQCEDURE - | showing temporal trends similar to the

1.Fit a Smoothing Spline ANOVA for each month, trends at the missing locations during the
excluding missing values. observed time period.

2.Predict the missing values, using the fitted The imputed values are close to the values
model. at the selected nearby locations during

3.Fit a Smoothing Spline ANOVA for each month the missing time period [Figure 2].
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Figure 3C: Sea Surface Temperature Time Trend at Location 2

Latitude: 8.7S - 6.2S Latitude: 8.7S - 6.2S, Longitude: 86.25W
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We utilized nohparametric time series and spa_tial models to ob-
tain general trends of sea surface temperature (SST).

U
U
razi
w
~ L 1

MoDELs :
1. Seasonal Decomposition of Time Series by Loess
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Figure 3B: Sea Surface Temperature Time Trend at Location 1
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Figure 3D: Sea Surface Temperature Time Trend at Location 3
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SST(n) = Trend(n) + Seasonal(n) + Error(n)

wheren =1,2,--- ,72, each month from Jan 1995 to Dec 2000.
2. Smoothing Spline Anova

Mean SST = f;(lati) + fo(long) + f1 2(lati, long) + Error

Latitude: 1.2N - 1.2S, Longitude: 98.75W

11-1997

Latitude: 21.2S - 18.7S, Longitude: 76.25W

2000 Din

where /1, /2 are
nonparametric functions for
main effects and and /1,2 for
an interaction, respectively.

PROCEDURE :

1. SST values were
decomposed into three parts
- trend, seasonal effect and
error.

2. SST values adjusted

for seasonal effect were
averaged over time on each
grid location and then were
smoothed by Smoothing
Spline ANOVA.

RESuLTS :

1. The time periods at

the highest and lowest
surface temperature levels
on location 1, 2 and 3
correspond with ErL Nino
(1997 - 98) and LA NiNna (1995
- 96, 1998 - 99) periods,
respectively [Figure 3B, C,
D].

2. The location 3 showed

the lowest mean surface
temperature and the
constant trend over time
[Figure 3A, D]. The location 3
corresponds with so-called
COLD- WATER UPWELLING
AREAS along the Peru and
Chile coasts.




4. OzoNE DEPLETION AREAS

Figure 4A: Ozone Linear Trend Figure 4B: Interesting Locations

1 | Mexico — Chihuahua

Figure 5: Relatoinship among 5 variables on selected regions
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Adj. Temp. = 0.218Adj. Surf. Temp. — 0.037Adj. Cloud Low + Error Error ~ AR(1),where Auto Correlation = 0.883
(0.0002) (0.0032)

where the numbers inside the parenthesis are p-values.
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We tried to find cloud effect on tempera-
ture by considering the linear relationship
among temperature, surface temperature
and clouds.

MoDELs :
1. Seasonal Decomposition of Time Series by
Loess

2. K-means Clustering Algorithm
3. Linear model with AR(1) Error

PROCEDURE :

1.For each variable, nonlinear trends were
obtained by using Seasonal Decomposition
of Time Series by Loess and were classified
by using K-means clustering algorithm.

2. Two overlapped regions were selected

where region 1 was most and region 2 least
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surface temperature

Figure 4C: Surface Temperature Linear Trend

influenced by El Nino.
3.Fit a linear model with AR(1)
error to values adjusted for

seasonal effects to find a rela-

tionship between temperature
and other variables on region
1 and 2 where values within
each region were averaged.

RESULTS :
1. Cloud mid and Cloud low
showed the negative correla-
tion on both regions.

2. On region 1, the positive
linear relationship between
temperature and surface tem-
perature and the negative lin-
ear relationship between tem-
perature and cloud low were
found.

3. On region 2, no statisti-
cally significant model was
found. Note that the variability
of temperature is very small.
Confounding may exist among
covariates.

We considered a linear model and a nonlinear
time-series model to find abnormal ozone trends.

MoDELs :
1. Linear Model with AR(1) Error

Adjusted Ozone = [y + B1Time + Error

where Error ~ AR(1).
2. Seasonal Decomposition of Time Series by
Loess

Ozone(n) = Trend(n) + Seasonal(n) + Error(n)

wheren =1,2,---,72, each month from Jan 1995 to
Dec 2000.
3. K-means Clustering Algorithm

PROCEDURE :

1. Linear models with AR(1) error were fitted
to ozone and surface temperature adjusted
for their seasonal effects on each grid
location over time, and both linear trends
were compared on location 1 and 2 [Figure 4A, C].
2. Nonlinear ozone trends were obtained by
Seasonal Decomposition of Time Series by Loess,
and K-means clustering algorithm was utilized to
cluster these nonlinear ozone trends, minimizing
within-cluster dissimilarity [Figure 4D].

6. SUMMARY AND CONCLUSION

1. Missing values in cloud low were imputed
by using spatial smoothness.

2.El Nino and La Nina were detected by using
nonparametric trend estimation.

3.ln ozone depletion areas, ozone and sur-
face temperature showed opposite trends.

4. Statistically significant linear relationships
among temperature, surface temperaure
and cloud low were found.

Figure 4D: Ozone Nonlinear Trend Clustering

REsuLTS :

1. Two interesting locations were found from
Figure 4A and Figure 4C. Location 1, surrounded
by locations in linear increasing trends, showed
a linear decreasing trend. Location 2 showed the
fastest linear decreasing trend.

Inside location 1, there is a city, Chihuahua,
where air and water pollution have been severe,
and inside location 2, there is a city, La Paz
where an ozone hole has been reported.

In these two locations, surface temperature
showed opposite linear trends [Figure 4C].
Figure 4B shows more details on trends.

2. Location 1 and 2 were also identified as
distinct groups with nonlinear trends by using K-
means clustering algorithm [Figure 4D].
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