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ABSTRACT

This study attempts to provide new information on seasonal and annual trends, on a regional scale,
using records of daily air temperature over Idaho, USA, through the analysis of the Growing Season
Length (GSL), and maximum and minimum air temperature data from multiple stations in the region,
as well as, to obtain the temporal correlation between the daily air temperature and Sea Surface
Temperature (SST) indices. The analyses were conducted using long-term and high quality data sets
for 35 meteorological stations for the period between 1970 and 2006. The results suggest that both
daily maximum and minimum temperatures had increasing trends, but the minimum air temperature is
increasing faster than the maximum air temperature. On average, the GSL has increased by 7.5 days/
decade during the period 1970-2006, associated with increasing temperatures. Trends in regional air
temperature and their indication of climate change are of interest to Idaho and the rest of the world.
The trends obtained herein corroborate with the general idea that during the last century the globe
has warmed.

Keywords: Climate change; sea surface temperature; global warming; environmental impact;
agriculture

RESUMO: TENDENCIAS DA TEMPERATURA E COMPRIMENTO DA ESTACAO DE CULTIVO
EM IDAHO-EUA DURANTE AS ULTIMAS DECADAS

Este estudo pretende fornecer novas informagdes sobre as tendéncias sazonais ¢ anuais, em uma escala
regional, utilizando os registros de temperatura do ar diaria sobre Idaho, EUA, através da analise da
GSL, ¢ os dados de temperatura do ar maximos ¢ minimos para varias estagdes da regido, bem como,
obter a correlagdo temporal entre os indices de temperatura do ar diaria e temperatura da superficie
do mar (TSM). As analises foram realizadas utilizando um conjunto de dados de alta qualidade e de
longo prazo para 35 estagcdes meteoroldgicas no periodo entre 1970 e 2006. Os resultados sugerem
que ambas as temperaturas diarias minimas ¢ maximas tem demonstrado tendéncias crescentes, mas
a temperatura minima esta aumentando mais rapidamente do que a temperatura maxima. Em média, o
Comprimento do Crescimento Sazonal (GSL, sigla em inglés) aumentou em 7,5 dias/década, durante
o periodo de 1970-2006, associado ao aumento das temperaturas do ar. As tendéncias regionais na
temperatura do ar ¢ suas indicagdes da mudanga no clima sdo de interesse para Idaho ¢ o demais
regides do planeta. As tendéncias obtidas corroboram a idéia geral de que, durante o século passado,
o globo se aqueceu.

Palavras-chave: altera¢des climaticas; temperatura da superficie do mar; aquecimento global,
impacto ambiental; agricultura.
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1. INTRODUCTION

Studies show increasing evidences of changes in air
temperatures and thus the growing season length (GSL) has
been extended during the 20th century, beyond doubt, for most
of the Northern Hemisphere (Frich et al., 2002; IPCC, 2007,
Song et al., 2010). Evidences of the increase in GSL have
been noted in the late 20" century through satellite data, and
phonological and meteorological observations (Linderholm,
2006). The GSL variability appears as an important indicator
of climate change. Some studies show an association between
air temperature and variations in the timing and amplitude of
the seasonal cycle of atmospheric CO, and the extension of
the growing season (Keeling et al., 1996). Myneni et al. (1997)
showed that increases in the photosynthetic activity of terrestrial
vegetation, as seen in satellite data, have also been associated
with the lengthening of the growing season.

IPCC (2007) affirms that the projected climate change
would further increase GSL. Thus, in some areas, such as high
northern latitudes, an increased GSL together with a warmer
climate could have a positive effect on crop production and
possibly increase the harvests and seasonal yields. It can also
create favorable conditions for growing fruits and vegetables
(ACIA, 2004; Song et al., 2010).

White et al. (1999) affirm that persistent increases in
the GSL may lead to long-term increases in carbon storage,
because GSL variability is one of the driving mechanisms
behind seasonal and annual fluctuations in the uptake of CO,
in northern forests (Barford et al., 2001). However, some
studies show that these positive effects may be counteracted
by negative effects on ecosystems, such as extension of species
range boundaries by establishment of new local populations
causing extinction of former populations, increased risk
of ozone damages (Karlsson et al., 2007) and progressive
decoupling of species interaction (e.g. plants and pollinators)
because of out-of-phase phenology (Hughes, 2000; Penuelas
and Filella, 2001).

The mountain ranges over the western United States
have a marked influence on the climate of Idaho. Also, the
climate features of Idaho are determined by its distance from
the Equator, elevation above sea level, and distance from
the Pacific Ocean. The economy of Idaho relies heavily on
the water supply, of which the majority comes from winter
precipitation (Harshburger et al., 2002). Most of Idaho’s
winter precipitation is stored as snow at high elevations
and contributes to streamflow during the spring season.
According to Harshburger et al. (2002) the winter precipitation
and consequent spring streamflow have experienced large
interannual and decadal variations. Abatzoglou (2011) shows
that the climate variability across the Western US is dominated
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by a set of spatially fixed, recurrent perturbations to the large-
scale flow field spanning decadal (Pacific Decadal Oscillation,
PDO), interannual (EI Nifio-Southern Oscillation, ENSO)
and intramonthly (Pacific-North American pattern, PNA)
timescales. In order to gain an understanding of Idaho climate,
a study using weather station data to analyze the local climate
variability of air temperature is warranted to establish which
areas of this region are being more affected by the possible
global warming.

Studies show increasing evidences of changes in air
temperatures and thus the Growing Season Length (GSL;
freeze-free period). The spatial variations of the GSL are
also considerable in many areas, ranging from approximately
200 days to 125 days. A few high valleys have no month
without freezing temperatures and the land is used entirely
for grazing (WRCC, 2011). To Robeson (2002) systematic
changes and natural variations in GSL have important
implications for natural and managed ecosystems, because
many plants and insects are sensitive to the duration of the
extreme cold events. Idaho has large areas of both irrigated
and non-irrigated farmland. At some of the higher elevations
in the eastern part of the State, the land is used primarily for
livestock ranches and wheat farms. At lower elevations, the
principal crops cultivated are: potatoes, beans, sugar beets,
alfalfa, onions, lettuce, spring wheat, various seed crops,
cherries, prunes, peaches, and apples. All contribute to the
area’s agricultural income. Dairy products also constitute
an important part of the area’s output (WRCC, 2011).
Approximately two million acres of forest lie within the
eastern part of the State, mostly in the higher mountainous
areas. The southwestern portion of the State has a greater
forested area, running into several million acres. The northern
part of Idaho, because of its higher annual precipitation, is
more thickly forested than the southern portion of the State.
Thus, due to the importance of Idaho to the economy of
USA (especially, the Northwestern region) and because the
climate has strong influence on its agricultural activities, it
is evident the need of information about the extreme climate
behavior over Idaho.

This study attempts to provide new information
on seasonal and annual trends, on a regional scale, using
records of daily air temperature over Idaho, USA, through
the analysis of the GSL, and maximum and minimum air
temperature data from multiple stations in the region, as well
as, to obtain the temporal correlation between the daily air
temperature and Sea Surface Temperature (SST) indices. This
analysis is important for Idaho since any change in climate
can have large impacts on the daily life of the population
and environment dependent on scarce water resources for
agricultural and municipal use.
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2. MATERIAL AND METHODS
2.1 Data and Quality Control

Daily maximum and minimum surface air temperatures
data were taken from 35 meteorological (weather) stations
across Idaho, USA, between 41 - 49° N latitude and 109 - 118°
W longitude for the period between 1970 —2006. This period has
been chosen because it characterizes a fairly long-term dataset
for each station. The map of station locations and elevations
is shown in Figure 1; the numbers indicating the stations with
their names and coordinates is shown in Table 1. The dataset
was provided by National Climatic Data Center. The data of
SST and its anomalies were provided by National Oceanic
& Atmospheric Administration (NOAA) through the website
(http://www.esrl.noaa.gov/psd/data/climateindices/).

An exhaustive data quality control was conducted
because indices of extremes are sensitive to changes in station
location, exposure, equipment, and observer practices (Haylock
et al., 2006). Data Quality Control (QC) is a prerequisite for
determining climatic indices. The quality control in this study
has been done: 1) replacing all missing values (currently
coded as -99.9) into an internal format that the software used
(RClimdex) recognizes, and 2) Replacing all unreasonable
values. Those values include daily maximum air temperature
less than daily air minimum temperature. In addition, the QC
also identified outliers in daily maximum and minimum air
temperatures. The outliers are daily values outside a range
defined by the user. Currently, this range is defined as 4 times
standard deviation (sdf) of the value for the day, that is, (mean— 4
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X std, mean + 4 X std), where std for the day and 4 is the input
from the user (Zhang and Yang, 2004; Vincent et al., 2005).
Initially, data from 60 meteorological stations were available,
and after the QC, only stations with less than 10% of missing
data for a period of at least 30 years were considered, resulting
in the 35 weather stations used in this analysis (Table 1).

2.2. Methodology

The RClimdex software developed by Xuebin Zhang
and Feng Yang from Canadian Meteorological Service (Zhang
and Yang, 2004) was used in this study to obtain the air
temperature extremes indices, following methodologies of
Zhang et al. (2005) and Haylock et al. (2006). In order to run
the RClimdex software, the format of the input data file has
several requirements: 1) ASCII text file; 2) Column sequence:
Year, Month, Day, TMAX, and TMIN. (NOTE: Temperature
units = degrees Celsius); 3) the format as described above was
space delimited (e.g. each element was separated by one or more
spaces); 4) for data records, missing data were coded as -99.9
and data records were in calendar date order (Zhang and Yang
2004). RClimdex provided 10 extreme climate indices, but only
four (Tmax, Tmin, DTR and GSL) were chosen for discussion
here (Table 2), because they better explain the goals of this
study. The resulting series were analyzed through trends. The
slopes of the seasonal and decadal trends of the air temperature
indices were calculated based on a least square linear fitting.
Trends were obtained for each index at the 35 locations and
the statistical significance of the trends were assessed through
the Student’s t-test and the number of degrees of freedom was

Elevation
(meters)

4000

200

-116

Figure 1 - (a) Map of the USA with the state of Idaho highlighted; and (b) map of elevation of Idaho with the locations of the stations used in this
study. The numbers relate to the name, latitude, longitude and elevation of the selected stations presented in Table 1. The time series used in this

study is from 1970 to 2006.
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Table 1 - Meteorological stations used for the analysis of maximum and minimum daily air temperatures in Idaho, USA for the period from 1970
to 2006.

ID STATION LAT LON ELEVATION (m)
1 Aberdeem 4295 -112.82 1342
2 American Falls 4279 -112.92 1318
3 Boise 43.57 -116.24 871
4 Bonners Ferry 48.69 -116.32 563
5 Cambridge 4457 -116.67 808
6 Cascade 4452  -116.05 1485
7 Chilly Barton Flat 4398 -113.83 1908
8 Couer Dalene 47.68 -116.80 658
9 Dubois 4424  -112.20 1665
10 Elk River 46.77 -116.18 888
11 Grace 43.05 -114.16 1315
12 Grand View 43.02 -116.18 720
13 Grangeville 4594 -116.12 1021
14 Hazelton 42,59 -114.14 1238
15 Headquarters 46.63 -115.81 958
16 Idaho City 43.84 -115.83 1202
17 Island Park 4442 -111.37 1922
18 Jerome 42.73  -114.52 1140
19 Kellogg 47.53 -116.13 703
20 Lewiston 46.37 -117.02 433
21 Lifton Pumping 42.12  -111.31 1809
22 May 44.57 -113.89 1546
23 Minidoka Dam 42.67 -113.50 1269
24 Moscow 46.72 -116.96 802
25 Newport 48.18 -117.05 653
26 Parma 4380 -116.94 698
27 Porthill 4899 -116.50 541
28 Potlatch 46.96 -116.85 778
29 Richfield 43.05 -114.16 1305
30 Saint Anthony 4397 -111.71 1516
31 Saint Maries 47.32  -116.60 653
32 Salmon - KSRA 45.19 -113.90 1211
33 Swan Falls 4324 -116.38 708
34 Twin Falls 42.54 -114.35 1207
35 Weiser 4424 -116.97 644

Table 2 - Definition of extreme air temperature indices used in this study.

Indices Name Definition Units
Tmax Max Tmax Monthly maximum value of daily maximum °C
temp
Tmin Min Tmin Monthly minimum value of daily minimum °C
temp
DTR Diurnal Temperature Range Monthly mean difference between TX and °C

TN
GSL Growing Season Length Annual (1* Jan to 31" Dec) count between  Days

first span of at least 6 days with mean
temperature >5 °C and first span after July 1
of 6 days with mean temperature <5 °C
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obtained based on the length of the data set, i.e., 37 years for
the 1970-2006 (Haylock et al., 2006; Dufek and Ambrizzi,
2008). Monthly values were averaged to obtain seasonal values.
Seasons have been considered as follows: winter = December—
February; spring = March—May; summer = June—August; and
fall = September—November.

Linear trend analyses were performed for the air
temperature indices used in this study. The slopes of the linear
trends are calculated by least squares fitting. Since a normal
frequency distribution may not necessarily fit very well to
indices data, a non-parametric Mann-Kendall test (Sneyers,
1990) is used to identify whether or not trends are significant.
The method is simple and robust, and it also has the advantage
of being able to deal with missing values.

The null hypothesis (H)) states that the deseasonalized
data (x;, x5,..., x,,) is a sample of n independent and identically
distributed random variables. The null hypothesis that standard
normal variable (Z,) is not statistically significant or has no
significant trend is accepted if —Z,_,, < Z.<Z, 5, where Z|_,»
is the standard normal deviate and p is the significance level
for the test. Or, Z, is statistically significant if Z, < —Z,_,, or if
Z. > Z,_,p (Partal and Kahya, 2006). Kendall’s statistic (S) is
computed as follows:

n—1 n
S= ngn(xj—xk) (D
k=1 j=k+1

The variance of S is given by

n(n—1)2n+5)— i e (e, —D(2e +5)

var(S) = 1’;1 )

where, x; , x; are sequential data values; 7 is the length of the
dataset; m is the number of tied groups; and e, is the size of the
ith tied group. Z, is obtained as follows:

7 =371 (s>0

< Jvar(S)

Z =0 (S=0)

c

Zc:i (S<0)

JJvar(S) (3)

Positive values of Z, indicate increasing trends while
negative Z, shows decreasing trends. When testing either
increasing or decreasing monotonic trends at a significance
level p, the null hypothesis was rejected for absolute value of
Z, greater than Z,_,, (Partal and Kahya, 2006). In this study,
significance level p of 0.05 is applied.

The spatial distribution of the indices decadal trends
was represented using the symbols (A) for positive trends,

Revista Brasileira de Meteorologia 363

and (V) for negative trends, statistically significant at 95%
level, i.e. p<0.05. The representation of the trends which are
statistically non-significant at the 95% level used the symbols
(A) for positive trends, and (V') for negative trends.

To verify the correlation between the air temperature
indices and SST variables, Spearman correlation coefficient
(p) at a significance level of 5% (p<0.05) were computed.
The Spearman correlation coefficient is a measure of non-
parametric correlation. It is different of the Pearson correlation
coefficient because does not require the assumption of linearity
between variables. Thus, it is not sensitive to asymmetries in
the distribution or the presence of outliers, not demanding,
that data come from two normal populations. The statistically
significant tests for correlations were performed using a two-
tailed Student’s t test. The degree of freedom was calculated by
subtracting the total sample size minus 2.

3. RESULTS

Table 3 shows the decadal trends of the extreme indices
of air temperature in Idaho for 35 weather stations. The
highlighted values represent significant level of 5% (p<0.05).
The discussions presented in this study are only for those trends
that showed significant level. The daily maximum temperature
(Tmax) index presented 11 stations with positive trends and 3
stations with negative trends, showing a predominant increase in
the value of daily maximum temperature in the southern region
of Idaho (Figure 2a). The daily minimum temperature (Tmin)
index presented predominant positive trends (25 stations),
indicating that the minimum temperature is also increasing
in this region (Figure 2b). These results show an unfavorable
situation because the water to human consumption and
agriculture in Idaho is provided by the snow on the mountains
and with the air minimum temperature increasing the melting
will be accelerated hindering the water management in the State,
as well as, if these trends continue, the evapotranspiration rate
will increase significantly. The increase of the air temperature
in the study area was also previously identified by Karl et al.
(1996), Alexander et al. (2006) and Meehl et al. (2009). Sohrabi
et al. (2013) remember that one of the important questions is
how these trends are going to evolve in the future due to climate
change and variability.

In addition, Diurnal Temperature Range (DTR) index
shows negative trends at 12 stations and positive trends at 8§
stations (Figure 2¢), indicating that the monthly mean difference
between maximum and minimum temperature is decreasing
in the northern part of the studied area. These results are in
agreement with the results obtained for Tmax and Tmin indices
and are similar to the results obtained by Alexander et al. (2006)
and Sohrabi et al. (2013). These results are also in concordance



364 Santos et al.

Volume 30(4)

Table 3 - Decadal trends of the extreme indices of air temperature for Idaho, USA. The highlighted values represent significance at 5% level (p<0.05).

STATION Tmax Tmin DTR GSL
(°C/10 yr) (°C/10yr) (°C/10yr) (days/10 yr)

Aberdeem 0.60 1.74 0.54 7.02
American Falls -0.46 1.22 0.00 5.12
Boise 0.45 2.57 -0.09 -3.67
Bonners Ferry -0.17 1.16 -0.26 8.47
Cambridge 0.95 1.53 -0.14 4.58
Cascade 0.17 1.23 0.26 -2.63
Chilly Barton Flat 0.86 2.07 0.02 2.01
Couer Dalene -0.75 3.35 -0.77 1.83
Dubois 0.58 1.60 0.37 7.02
Elk River -0.60 1.32 -0.40 5.18
Grace 1.61 1.60 0.68 7.56
Grand View -0.22 1.93 -0.59 -3.90
Grangeville -0.02 1.62 -0.36 8.71
Hazelton 0.59 1.70 -0.15 5.05
Headquarters -0.36 0.92 -0.33 3.75
Idaho City 0.46 0.87 0.22 1.20
Island Park 0.22 2.19 0.24 6.46
Jerome 0.43 1.69 0.24 0.35
Kellogg -0.52 1.43 -0.31 1.53
Lewiston 0.10 1.54 -0.09 0.02
Lifton Pumping 0.65 1.21 0.38 4.45
May 0.27 1.50 0.08 7.13
Minidoka Dam 0.97 1.80 0.44 3.87
Moscow 0.09 1.64 0.24 8.93
Newport -0.07 2.12 -0.07 1.78
Parma 0.10 2.45 -0.25 -2.66
Porthill 0.29 1.61 0.15 6.13
Potlatch 0.17 2.55 -0.25 6.51
Richfield 1.37 1.34 0.01 7.68
Saint Anthony 0.64 2.37 0.43 4.61
Saint Maries -0.67 1.30 -0.53 3.16
Salmon — KSRA -0.32 2.22 -0.41 5.23
Swan Falls 0.30 1.71 -0.19 -3.82
Twin Falls 0.35 1.39 0.09 5.11
Weiser 1.06 3.12 -0.69 2.57

with Folland et al. (2001) showing that the minimum temperature
increased faster than the minimum temperature over global
land areas since 1950, resulting in a broad decline in the DTR.
These changes can be associated with changes in cloud cover,
precipitation, soil moisture and atmospheric circulation. Also
these findings are in general agreement with a number of recent
regional-analyses, which documented increases in maximum
and minimum air temperatures and decreases in the DTR during
the recent decades as presented in Vose et al. (2005).

Many studies have reported both increases and
decreases in the GSL, depending on location and period of
record. However, more recent studies suggest that along with
increasing temperatures, the GSL has been extended during
the 20th century for most of the Northern Hemisphere (Frich

et al., 2002; Robeson, 2002; Menzel et al., 2003; IPCC, 2007).
Satellite data and phenological and meteorological observations
indicated the lengthening of the growing season, most notably in
the late 20" century (Linderholm, 2006). The GSL variability is
an important indicator of climate change. Keeling et al. (1996)
showed an association between temperature and variations in
the timing and amplitude of the seasonal cycle of atmospheric
CO,, where an increase in the annual amplitude of the seasonal
CO, cycle since the early 1960s was linked to a 1-week
extension of the growing season. In addition, increases in the
photosynthetic activity of terrestrial vegetation from 1981 and
onwards, as seen in satellite data, have also been associated with
the lengthening of the growing season (Myneni et al., 1997). In
this study, the GSL index has shown increasing trends in almost
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Figure 2 - Spatial distribution of annual temperature extreme trends for Idaho, USA. The symbol ( A ) means positive trends, and ( ¥ ) means negative
trends, statistically significant at 5% level (p<0.05), while the symbols (A) means positive trends, and (V ) means negative trends statistically non-
significant. (a) Tmax index, (b) Tmin index, (c¢) Diurnal Temperature Range (DTR) index and (d) GSL index.

the entire State (Figure 2d), except to five stations located in the
southwestern portion of Idaho. These results corroborate with
previous studies of Frich et al. (2002), Robeson (2002), Menzel
et al. (2003) and IPCC (2007) which identified an extension
of the GSL during the 20th century for most of the Northern
Hemisphere. It is interesting to evidence that how the maximum
and minimum air temperatures have shown increasing trends,
elevated evapotranspiration rate are expected during the growing
season. This scenario indicates that the irrigation activities
during the growing season will contribute to the water losses
(Sohrabi et al., 2013). In some areas, such as high northern
latitudes, an increased GSL together with a warmer growing
season could have a positive effect on crop production and
possibly increase the harvests and seasonal yields. Thus, this

predominant increase of the GSL for Idaho is important for its
economy, because longer growing seasons can be particularly
beneficial for perennial crops (alfalfa and other hay crops) which
are important cultivated crops in the study area. Additionally,
persistent increases in the GSL may lead to long-term increases
in carbon storage, provided that GSL variability is one of the
driving mechanisms behind seasonal and annual fluctuations
in the uptake of CO, in northern regions (Barford et al., 2001;
Song et al., 2010).

To assist with the interpretation of figures that involve
analyses of temperature extremes indices, the percentage of
stations with statistically significant and insignificant trends at
the 5% level were calculated and are shown in Table 4. It can be
observed that 35.3% in Tmax, and 71.4% in Tmin, indicating an
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Table 4 - The percentage of stations showing significant and not significant trends at the 5% level for the temperature indices for Idaho, USA.

Positive significant

Positive not

Negative significant

Negative not

INDICE trend significant trend trend significant trend
(%) (%) (%) (%)

Tmin 71.4 28.6 0.0 0.0

Tmax 34.3 342 8.6 22.9

DTR 22.9 25.7 34.3 17.1

GSL 28.6 57.1 0.0 14.3

increase of temperature. While there is a significant decrease of
34.3% in DTR, indicating a decrease in these indices, consistent
with the results previously showed. About 29% of the stations
have shown increasing trends in the GSL as observed by Frich
et al. (2002), Linderholm (2006) and IPCC (2007).

Figures 3 to 5 show the seasonal behavior of the averaged
Tmin (Figure 3), Tmax (Figure 4) and DTR (Figure 5) indices
for Idaho and the statistical significance of the seasonal trends
has been analyzed by using Mann-Kendall test. In Figure 3,
the winter, spring and summer seasons presented statistical
significance at 5% level trends of 1.223 °C/10 year, 0.447 °C/10
year and 0.363 °C/10 year, respectively, and the fall season
showed a non-statistical significant decadal trend 0f 0.257 °C/10
year for the minimum air temperature. These results suggest that
the minimum air temperature has increased in all the seasons,
but the most important Tmin increase was detected in winter.

However, according with Figure 4, only the spring has shown
statistically significant increase in the maximum air temperature
evidencing that this parameter presents more spatial variation.
No significant seasonal trend is observed in Figure 5, i.e. the
diurnal temperature range has high spatial variability, due to
the behavior of the Tmax.

Based on the Spearman’s correlation coefficients
significant at the 5% level between air temperature indices and
SST anomalies, presented in Table 5, is possible to identify that
there are significant influences of the PNA and PDO only in the
GSL in Idaho. These results suggest that an important part of
the air temperature variability remains unexplained. Thus, as
described in different studies, may be the persistence of local
conditions, precipitation and soil moisture, particularly in the
western and midwestern states, contribute to local temperature
behavior. However, some studies found that the climate of the
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Figure 3 - Temporal distribution of seasonal minimum air temperature (Tmin) for Idaho, USA. (a) DJF (Winter), (b) MAM (Spring), (c) JJA

(Summer) and (d) SON (Fall).
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(Summer) and (d) SON (Fall).
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Figure 5 - Temporal distribution of seasonal Diurnal Temperature Range (DTR) for Idaho, USA. (a) DJF (Winter), (b) MAM (Spring), (c) JJA
(Summer) and (d) SON (Fall).
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Table 5 - Correlation coefficients between air temperature indices and SST anomalies for Idaho, USA for the period of 1970 to 2006. The highlighted

values represent significance at 5% level (p<0.05).

Niifio 1+2  Niiio 3.4

Nifio 4 PDO PNA

Tmin 0.030 0.062
Tmax -0.063 -0.110
DTR -0.161 -0.057
GSL 0.149 0.188

0.176 0.007 0.244
-0.016 -0.065 -0.115
0.032 -0.121 -0.052
0.238 0.403 0.529

western United States is strongly influenced by such natural
climate variations as the ENSO and the PDO and these modes
of variability affect strongly the behavior of temperature and
hydrological variables. Mote et al. (2005) found that some
portion of the changes in snowpack, streamflow timing, and
snow/rain partitioning could be explained by fluctuations in
the PDO.

4. DISCUSSIONS AND CONCLUSIONS

Studies have shown that one of the most important
questions regarding extreme events is if their occurrence
is increasing or decreasing over time, characterized by the
frequency of these events and if they are changing significantly.
This study presents analyses of the trends in four annual and
seasonal extreme indices of air temperature for Idaho, USA.
The analyses were conducted using long-term and high quality
data sets for 35 meteorological stations for the period between
1970 and 2006.

Our analyses suggest that in the study region, both daily
maximum (daytime) and minimum (nighttime) temperatures
had increasing trends, but the rates of warming were different,
with greater nighttime warming. In other words, most of Idaho
has shown that the difference between maximum and minimum
air temperatures is decreasing; indicating that the minimum
air temperature is increasing faster than the maximum air
temperature.

The observed increasing in the GSL may be associated
with a possible reduction of frost days as observed by Frich et
al. (2002). Provided that the largest changes in minimum air
temperatures will occur in mid-to-high northern latitudes in a
changing climate, it is expected that the largest changes occur
towards an early growing season with an increase in its length
in Idaho. It is likely that the present changes in minimum air
temperatures (and certainly reduction of frost days) have
significant effect on the GSL over Idaho.

Our data suggest that, on average, the GSL in Idaho was
extended by 7.5 days/decade during the period 1970-2006,
associated with increasing temperatures. Provided that an
extension of the growing season is accompanied by increased
temperatures during the growing season, such an increase may

advance the potential crop production at high latitudes and
increase the potential number of harvests and hence seasonal
yields for perennial forage crops (ACIA, 2004). For example,
yields of corn and soybean are influenced by short growing
seasons. Also, the sowing of crops is occasionally delayed by
lower temperatures, so an earlier start of the growing season will
favor earlier sowing of crop. It should be noted, that the benefits
of'alengthened growing season with higher temperatures may be
counteracted by changes in the precipitation patterns, especially
in the arid and semi-arid regions of Idaho, where water budget
limitations determine the pattern of vegetation response to
atmospheric warming.

Agriculture (crop production and livestock) is an
important economic activity in Idaho. Crops such as hay, alfalfa,
corn, wheat and barley are grown in the arid climate, mostly
under irrigation practices. Irrigated agriculture is dependent on
winter snowpack accumulation and storage as the main water
supply for the summer months. Rapid population growth will
exacerbate the pressure on the water resources. Continuing
changes in climate will affect water supply and soil moisture
availability, making it less feasible to grow crops in certain
regions. Increases in extreme events such as floods, droughts
and heat waves predicted by the IPCC (2007) will pose further
challenges to farmers.

An important effect of increase in temperature, especially
in regions where agricultural production is seasonally limited by
temperature as in Idaho, can be the soil moisture which influence
crop yields; as well as, the soil moisture can be affected by
changes in rainfall patterns, and the extension of the growing
season, increase soil evaporation rates and severe droughts
(Linderholm, 2006). The analysis has identified that the air
temperature has increased in Idaho during the last 3 decades. The
evaluation of the trends of extreme air temperature may help to
a better understanding of the possible regional and local scale
impacts of climate change on agriculture and human health.

Trends in regional air temperature and their indication
of climate change are of interest to Idaho and the rest of the
world. The trends obtained herein corroborate the general idea
that during the last century the globe has warmed. Additionally,
the experience acquired with this study for Idaho, USA, can be
extended to other regions. Future research should incorporate
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more regional stations in surrounding states, possibly stratifying
the analysis by elevation and regional microclimates with a
closer look to weather station location and possible urbanization
effects (Santos et al., 2011).
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