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Abstract—Understanding climatic behavior, particularly that of 

semi-arid regions, is essential in order to optimize water 

resources management and provide protection from climatic 

risks. Water resources have great socio-economic and 

environmental importance. This paper focuses on the statistical 

analysis of the rainfall regime of northwest Algeria and estimates 

its spatial distribution and temporal variation. To this end, time 

series and principal component analysis were performed on 

rainfall series recorded from 1913 to 2009, representing the 

annual precipitation from thirty meteorological stations to 

discover patterns and trends in the studied region. Furthermore, 

the applied spectral analysis of the time series reveals the 

existence of a period of approximately 97 years at all stations. 

ArcGIS along with statistical and analytical tools like SPSS and 

XLSTAT were utilized in this study of the climatic behavior in 

northwest Algeria. 

Keywords-rainfall series; statistics analysis; cartography; 

spectral analysis; climate variability 

I. INTRODUCTION  

Learning about climatic behavior in a region improves 
hydraulic constructions and plays a critical part in the 
management of water resources in various term lengths [1]. 
Researchers are trying to answer questions such as if there is 
there a climate change in the study region and how can the 
existence of any change be confirmed. In response to these 
complex questions, a verification of climate change parameters 
is required, such as the temporal homogeneity of hydro-
meteorological time series, in particular stating the presence of 
trends in the case of annual rainfall series. Numerous studies 
analyze the variability of precipitation in the Mediterranean 
Basin and African regions. Linear trends from 1901–2005 
show high spatial variability [2]. In comparison to other 
regions, positive annual precipitation trends were detected in 
North and South America, the Eurasian continent, and 
Australia. On the other hand, several observations were made 
concerning a significant decrease in annual totals in Western 
Africa, Sahel, the Western Coast of South America, and the 

Mediterranean Basin [2]. In the zone of Sahel, there are several 
indicators of decreasing trend in rainfall series from 1970 to 
1990 [3-7]. Consequently, it was observed that alteration in 
climatic parameters can result in modification of the 
hydrological cycle which affects the quantity and quality of 
rainfall and water resources [8]. The drought affected other 
countries around the Gulf of Guinea in the late '60s [9-11] and 
altered the rainfall regime of Sahel from 1990 to 2007, 
increasing it by 10% in comparison with the rainfall regime of 
the 1970–1989, but it was still lower than the 1950–1989 
average (a 20-year wet period (1950-1969) and 20-year dry 
period (1970-1989)). While the rainfall deficit continued in 
Western Sahel, Central Sahel gradually recorded more wet 
years beginning from the late 1990s, but the recovery was 
considerably limited (1990-2007). As a conclusion, there are 
numerous differences between Western and Central Sahel 
regarding the inter-annual variability pattern and the seasonal 
cycle. 

In Mediterranean regions, several researchers have 
observed a decrease in annual precipitation. Yearly and 
seasonal precipitation series from 32 stations from 1833 to 
1996 were examined in [12]. Declining trends in several yearly 
series were noticed, which were remarkable, considering the 
statistics, only in Southern Italy. On a seasonal basis, a 
declining trend was significant only during spring in Southern 
Italy and autumn in Northern Italy. In Southern Italy 
(Calabria), statistical analysis of annual and seasonal 
precipitation on 109 series with over 50 years of processed data 
was performed in [13]. The rainfall data segment was first 
calculated following a pre-whitening technique to lower the 
autocorrelation of the rainfall series. The study showed a 
decreasing trend for annual and winter fall rainfall and an 
increasing trend for summer rainfall. In addition, raised 
percentages of rainfall series show breaks during the 1960-
1970 period. Nonetheless, the analysis on parts of the 
Mediterranean area shows that the surging progression is a 
non-considerable reduction in precipitation or a lack of linear 
trend during the last century or a shorter period [14-16].  
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A study of the changes in data series of climate variables at 
annual and monthly scales in the western part of the French 
Mediterranean area showed that annual precipitation was too 
low [17]. Moreover, the study stated that monthly rainfalls 
were decreasing in June and increasing in November 
throughout the area. The changes in precipitation of the 
Balearic Islands (Spain) were studied in [18], considering the 
daily time series from the 1951-2006 period, confirming a 
negative trend of annual precipitation. An abrupt decrease in a 
year's rainfall of 65mm has been identified in the time series 
around 1980.  

In the current study, spatiotemporal analysis of precipitation 
with a set of statistical methods is used to recognize trends and 
identify break dates and spatial patterns of precipitation 
variability of the southern Mediterranean region. For this 
purpose, a series representing the total annual precipitation of 
approximately 30 stations in Western Algeria, with the 
recorded data spreading over a period of 97 years (1913-2009) 
were examined. The data were analyzed with the use of the 
Spearman test for the detection of trends, the Mann-Kendall 
and Pettitt tests for the detection and localization of these 
trends, spectral analysis to study the nature of the variations, 
and Principal Component Analysis (PCA) to identify regions of 
consistent precipitation variability [8].  

II. STUDY AREA AND PRECIPITATION DATA 

The considered region extends between the meridians -2° 
West and 1° east, and between the North 36°33’ and 33°91’. It 
includes the catchments of Cheliff (01), Oraneese coast (04), 
Mactan (11), and Tafna (16) (the numbers in parentheses 
indicate catchment codes). The area is bordered in the north by 
the Mediterranean Sea, in the west by the Algerian-Moroccan 
borders, in the south by high plains, and in the east by the 
mountainous massif of Ouarsenis. 

In Algeria, the climate of the northwest is affected by 
diverse factors, such as the atmospheric circulation and 
topography. From December to February, the winds are 
directed west-northwest. These winds must cross the narrow 
arm of the sea that distinguishes the study area from Spain, to 
access northwestern Algeria. Before leaving Spain, the winds 
discharge part of their moisture on the high peaks of the Sierra 
Nevada. The air masses do not have enough time to accumulate 
sufficient water vapor and reach northwestern Algeria 
relatively dry. During their journey over the Mediterranean 
Sea, the water-laden easterly winds favor the appearance of 
heavy precipitation, but this occurs rarely during the winter. 
Heterogeneity characterizes the area. West Tellian Atlas has a 
fragmented relief. The high west plains are arid steppes. 

In Morocco, the Middle Atlas Rif Ridge protects north-
western Algeria. It exposes a complex topography with a split 
mountainous character, which increases the areas of shelter 
while the exposure to sea influences and disturbs flows. Figure 
2 shows the location and geographical features of the region. 
The aforementioned factors contribute to the lowering of the 
precipitation and consequently to the surface and subsurface 
water resources. 

The atmospheric circulation forms the climate of northwest 
Algeria and is composed of cells with latitudinal extensions. 
Among these cells, we can mention the following: 

 The Azores High, a zone with permanent high pressure that 
grows in the middle of the Atlantic, in the region of the 
Azores Islands. Its propagation to the Maghreb area deflects 
the meteorological troubles towards Europe. 

 The Saharan anticyclone is much more stable than the 
previous anticyclone from the general circulation point of 
view. 

Irregularity is the most important index of precipitation: 
spatial and temporal irregularity from one region to another, 
eminently an inter-annual irregularity. Sometimes, heavy 
rainfalls cause catastrophic floods. Most of the region has 
precipitation totals between 200 and 800mm. The southwestern 
zone is the driest, with the lowest annual rate of 100mm. 
Another significant aspect is the low number of rainy days 
(between 14% and 21%). 

The rainfall data were provided by the National Agency of 
Hydraulic Resources (ANRH). The original database comprises 
daily precipitation records from 30 stations distributed 
throughout the area, covering various periods with more than 
97 years of observations. Analysis of precipitation variability 
requires long data sets in excellent condition. In addition, 
analyzing the spatial distribution of a general term in all 
stations should be chosen carefully. For this reason, we had to 
balance the length of the periods and the number of included 
stations. The number of missing data records influences 
precipitation analysis, so only series with < 10% missing 
values were maintained. 

 

 

Fig. 1.  Elevation map of western Algeria with principal mountains (2020). 

The quality controls on the selected data sets had two main 
steps, the first of which was to discover possible errors and 
suspect precipitation records. In the second step, the data sets 
were subject to a homogeneity test. Data homogenization helps 
conceive observations conditionally, so the temporal variations 
of the adjusted data are only brought in by the climatic 
processes. The most frequent causes of the lack of 
homogeneity of the climatic data are the changes in the location 
of the stations, alterations in screen designs, or environmental 
changes around the station. The cumulative residuals had to be 
tested to detect such anomalies in the series. The test allows for 
a qualitative evaluation at a given significance level of the 
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homogeneity of the precipitation series concerning the 
confirmed homogeneous series by comparing the packed 
residuals of linear regression with an elliptical confidence 
interval (Bois ellipse). Only series that did not show 
heterogeneities were selected. Finally, 30 annual precipitation 
time series passed the above described quality control, which 
were also acceptably distributed throughout the study area, 
covering the 1913–2009 time period, and missing less than 
10% values (Figure 2). The missing values were interpolated 
by linear regression based on a series from adjacent stations. 
Linear regression equations were established separately with 
complete series of 1 or 4 adjacent stations as independent 
variables and incomplete series as the dependent variable. The 
relative error in evaluating the interpolation was obtained by 
averaging 5 relative errors calculated from 5 observed and 
predicted values near the missing data. The linear regression 
equation with the lowest relative error rate was the chosen 
equation for predicting the missing data. The maximum relative 
error did not exceed 15%. 

III. METHODOLOGY 

Several parametric and nonparametric tests were used for 
trend detection. Parametric trend tests are more cumbersome 
than nonparametric tests, which require independent and 
properly distributed data. In contrast, nonparametric tests 
require only independent data and may allow for outliers. To 
detect trends in the precipitation time series, we decided to use 
nonparametric tests that overcome the obstacles of other 
methods. Mann–Kendall test [19, 20] and Spearman’s test are 
widely used to detect trends in time series. Their efficiency and 
power have been proven significant in similar applications 
[21]. Additionally, when implemented in a sequential version, 
the Mann-Kendall test positions itself notably well in 
synchronization with the trend appearance. To reinforce the 
results of both tests, we performed another nonparametric test, 
the Pettitt test, which can detect the breakpoint of serial 
average at any level of significance. It designates a highly 
precise magnitude of the detected trend. Spectral analysis helps 
determine the periodicities in the precipitation time series [22]. 
Afterward, principal component analysis is applied to deduce a 
spatiotemporal regionalization of the precipitation variability. 

 

 

Fig. 2.  Station positions in the study area. 

IV. SPEARMAN’S TEST 

Spearman’s test is a rank-based nonparametric statistical 
test that can be used to detect monotonic trends in a time series 
[23, 24]. The Spearman test was used to analyze hydro-
meteorological trends in [25-27]. 

For a given sample of data (Xi, i = 1, 2…, N), the null 
hypothesis H0 states that all Xi are independent and identically 
distributed. The alternative hypothesis is that Xi increases or 
decreases with i, i.e. there is a trend. The test’s statistics are 
given as [24]: 
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where yi is the rank of the i-th observation Xi in a sample of size 
N. 

The diffusion of this statistic is asymptotically correct under 
the null hypothesis with the mean and variance of (2) and (3): 
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The exceedance probability a1 is computed using the 
normal cumulative distribution function with zero mean and 
variance var���
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Then, the null hypothesis is adopted or not at a significance 
level of 0 depending on whether ��  > �%  or ��  < �% . 
Significant values of |rs| show a decreasing or increasing trend. 

V. MANN–KENDALL TEST 

The Mann–Kendall test is also a rank-based 
nonparametric test which associates a number ni to each xi 

where xi is the number of elements, such that i>j , and 

&� � &'. Mann-Kendall statistic is: 
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Under the null hypothesis, the statistic is, for a large 
sample, normally distributed with mean and variance assigned 
by: 
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Its reduced form is: 
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The null hypothesis is unacceptable for high values of the 
reduced statistic. Positive values of U(t) indicate increasing 
trends, while negative values show decreasing trends. When 
testing either increasing or decreasing monotonic trends at a 
significance level, the null hypothesis was rejected for an 
absolute value of U(t) greater than U1-a/2, and U1-a/2 is the 
critical value obtained from the standard normal cumulative 
distribution tables. In this research, a significance level of 0.05 
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was applied. The sequential version of the test (in a forward 
and a backward sense) enables us to identify the star to trend 
within the data series. Note that U(t) is the forward sequence. 
Τhe backward sequence U'(t) is studied with the same function 
but with the opposite data series. In the absence of any trend, 
the graphical representation of the curves U(t) and U'(t) overlap 
many times. When the null hypothesis is rejected (i.e. when 
any of the points in U(t) exceeds the confidence interval 
±1.96), an increasing or decreasing trend is indicated. The test 
statistic applied in this study allows finding the approximate 
moment of the appearance of the trend by locating the 
intersection of the curves U(t) and U'(t). A point of intersection 
with the confidence interval shows a point of change. The parts 
of the curves ahead of the confidence lines show the time 
domain of a sudden change. Detailed descriptions of this 
nonparametric test can be found in [24].  

VI. PETTITT TEST 

The Pettitt test is a nonparametric test derived from the 
Mann–Whitney test [28]. The absence of a break constitutes 
the null hypothesis. Pettitt defines the variable Ut, N as: 
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���     (10) 
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where Sgn(z) = 1 if z > 0, 0 if z = 0 and -1 if z < 0. 

He suggested testing the null hypothesis by using the 
statistic KN defined by the maximum value of Ut,N for 
t=1,…,N-1. From the rank theory, Pettitt demonstrates that if k 
indicates a value of the KN series, under the null hypothesis, the 
exceedance probability of the k value is given by: 
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For a type I error a, if the exceedance probability estimated 
is less than a, the null hypothesis is rejected. The time series 
demonstrate a trend at time t where the KN appears. 

VII. PRINCIPAL COMPONENT ANALYSIS 

PCA is a classical factorial procedure. It changes several 
(possibly) correlated variables (here, the annual precipitation 
stations) into a (smaller) number of synthetic uncorrelated 
variables called Principal Components (PCs). Every time series 
(factor score) is linked to a component. PCA ensures the 
detection of coherent and recurring modes in the total domain. 
Rotation methods allow us to improve the interpretability of the 
results through a linear transformation of the PC. Compared to 
the non-rotated solution, orthogonal rotations (preserving the 
correlation between the PCs) are less affected by the domain 
form, and the instability of the subdomain (the fact that the 
PCA is performed only on a part of the field leads to different 
results from those of the PCA of the entire field) and the 
sampling errors between the PCs. Varimax is the most 
commonly used rotation [29]. Its goal is to maximize the 
variance of the factorial weights between each component for a 
given variable, increasing the segregation between the various 
PCs. 

VIII. SPECTRAL ANALYSIS 

The spectral density takes the frequency content of a 
stochastic process and allows the identification of periodicities. 
The spectral density function resembles the passage from a 
temporal mode to a frequency mode by a Fourier modification 
of the autocorrelation function. The interpretation of the 
spectral density function, S(f), through the recognition of the 
different peaks indicating periodic phenomena, leads to the 
characterization of the system: 
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where j=1 to m, f is the frequency and D(k) ensures that the 
estimated values S(f) are not biased (Tukey filter). r(k) is the 
autocorrelation function expressed by: 
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where k is the time lag (k = 1… m), n is the length of the time 
series, x is a single event, X is the mean of the events and m is 
the cutting point. The cutting point is usually determined based 
on the interval of the analysis and the given circumstances. 

IX. RESULTS AND DISCUSSION 

A. Temporal Analysis 

Spearman and Mann–Kendall tests were applied to the data 
series of annual rainfalls of the 30 selected stations and a 
significantly decreasing trend was detected at a significance 
level of 5% for 29 stations (Figure 3). Only the Ghriba station, 
in the eastern zone of the studied domain, presents a 
significantly increasing trend at a 5% level. In the region, this 
station is behind an isolated station.  

 

 
Fig. 3.  Trends in annual total precipitation during 1914–2004 detected by 

the Mann–Kendall method. 

The curves overlap (e.g. Figure 4(a) for Mostaganem 1 
station) and the statistical values do not surpass the limits of the 
critical significance levels, except for the series of Youb that 
present significant statistic variations, indicating the presence 
of dry periods. The intersection point between both curves 
(forward and backward) within the confidence interval 
demonstrates the change point that compares to the break date. 
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The graph in Figure 4(b) shows the forward and backward 
results of the test for the Youb station. The intersection of the 
two curves marks a change that occurred in 1955. The evident 
results obtained previously and the location of the break years 
in different levels of significance is provided by analyzing the 
whole series with the Pettit Test. Evidently, the results show 
that an abrupt change (decrease in rainfall) within the time 
series is observed mainly from the end of the 1940s until the 
beginning of the 1950s. For 6 stations, the beginning of the 
trend was detected between 1953 and 1980, 26 stations led to a 
very significant decreasing trend between 1975 and 1996, and 
the others appeared to be stationary and confirmed the previous 
results. Hence, the presence of a rainfall deficit is evident in the 
eastern zone from the beginning of the 1930s and accentuated 
during the 1950s and 1970s by its extension to the whole 
region. 

 

(a) 

 

(b

) 

 

Fig. 4.  Mann–Kendall progressive test applied to stations: (a) 

Mostaganem 1, (b) Youb. 

Trends can be detected using Pettitt’s and Mann–Kendall’s 
tests. However, these tests cannot find more than one break 
date. This represents the drawback of these tests when 
investigating rainfall time series, which could have multiple 
increasing and decreasing trends and/or breaks, specifically for 
long series. When the number of stations used is not very large, 
a limit is triggered by the difficulty of interpreting the results 
on a regional scale. These results suggest that further 
investigation is needed. We tried to perform spectral density 
analysis to seek possible periodicities and supplementary PCA 
was carried out, and regionalization of rainfall variability was 
performed.  

B. Spatiotemporal Rainfall Variability 

PCA was applied with the stations as variables and the 97 
annual precipitation values. The analysis without and with 

rotation underlines that the first 4 components account for most 
of the total variance (57.8%), as shown in Table I. 

TABLE I.  EXPLAINED VARIANCES BY THE FOUR FIRST PCs BEFORE 

AND AFTER ROTATION (F: FACTORS) 

 
PC (without rotation) RPC (rotated) 

F1 F2 F3 F4 F1 F2 F3 F4 

Variance % 45.988 6.575 5.250 4.830 29.292 14.156 5.049 14.147 

Cumulative 

variance % 
45.988 52.563 57.813 62.643 29.292 43.448 48.496 62.643 

 

The first component accounts for a large part of the 
variance (45.988%). It describes the inter-annual variability of 
the precipitation for the whole region (opposing humid and dry 
years). All stations are correlated positively with this 
component, considering varying coefficients between 0.85 and 
0.2. The greatest coefficients are noted in the deepest region 
(Figure 5). The objective of the test here is to identify regions 
with the same variation mode. This geographical consistency 
can be justified by the large homogeneity of the weather 
regimes (winter rains and summer drought), but it denotes that 
a long stretch of years presents large deficits or excesses over 
the whole region. The observation complies with the result that 
is found by the nonparametric statistical test of trend detection, 
as shown above. 

 

 
Fig. 5.  Spatial distribution of the first PC (PC1) fields in the area of study 

(PCA without rotation). 

 

Fig. 6.  Temporal factorial scores of PC1without rotation. The straight line 

represents the chronicle trend. 

The time series of the amplitudes of the first component 
(Figure 6) highlights wet years (1927, 1933, and 1950) and the 
succession of dry years that most stations of the region 
recorded. A decreasing trend with a significant determination 
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coefficient of 0.2287 is clear starting from the end of 1975 to 
2007 (with an absolute minimum in 1981). 

The following components (Figure 7) account for smaller 
proportions of the variance. The second component accounts 
for only 6.575% of the variance (Table I). It shows opposite 
amplitudes between parts of the eastern region correlated 
positively (heavy rainfall) and the west and southwest (areas 
affected by the Foehn phenomenon. The distance from the sea 
influences the rainfall flows and, therefore these areas have low 
rainfall). The third component shows 5.25% of the variance. It 
represents the southwest and southern parts to the north and 
center of the study area. The first component accounts for the 
largest amount of total variance, however, some stations are 
correlated with this component. We performed a rotation of the 
factorial axes according to the Varimax method. Varimax 
orthogonal rotation is the option used to avoid some of the 
domain shape dependences [29] and to obtain a stable and 
physically meaningful pattern. The principle is to determine the 
components that correlate best with the variables [16, 30]. 

 

(a) 

 

(b) 

 

Fig. 7.  Spatial distribution of (a) PC2 and (b) PC3 fields in the study area 

(PCA without rotation). 

We retained the first 4 components accounting for 62.643% 
of the variance. The percentage of variance demonstrated by 
the eigenvalues is different from the PCA without rotation, 
with less variance demonstrated by the first component and 
more variance detailed by the other models. The first 
component shows the western and central parts of the region 
(coastal plains). The stations most related to this component are 
those with elevations between 5 and 215m. The eastern region 
is known for its low relief and low precipitation (annual rainfall 
<500mm) with a weakly explained variability (variation 
coefficients <0.30), see Figure 8(a). 

The second component characterizes the eastern part of the 
study area (Dahra Mountains). This region is well-watered, 
expressing the simultaneous influence of topography and 

atmospheric circulation on rainfall (Figure 8(b)). The third 
component characterizes the variability of the western part of 
the study region (Figure 8(c)). The fourth component 
represents the Tellian Plateau and the high plains in the east, 
characterized by weak rainfall with a low estimate of 450mm 
and a very sporadic character due to the shelter effect that 
reduces the influence of the rainy systems covering the west 
and northwest (Figure 8(d)). 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

Fig. 8.  Spatial distribution of (a) PC1, (b) PC2, (c) PC3, (d) PC4 fields in 

the study area (PCA with Varimax rotation). 

The time series associated with the first component (Figure 
9(a)) reflect an evolution mode identical to the one described 
by the PCA component without rotation, with some differences 
like excesses, less accentuated from 1918 to 1953 in contrast 
with the other three PCs. 
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C. Spectral Analysis 

It should be noted that the semi-arid character of northern 
Algeria, particularly the western zone, is partly defined by the 
changes in the general atmospheric circulation. Several studies 
connect precipitation compression to the North Atlantic 
Oscillation (NAO), which impacts the Mediterranean climate 
[31-36]. The phenomenon is studied quantitatively by the NAO 
index, which describes a normalized pressure difference 
between the measurements made in the Azores and Iceland. 
The index differs from year to year, but also shows a tendency 
to stagnate in one phase during long intervals [37]. Recently, its 
sign changed, mainly because of two concurrent trends 
observed during winter over the last three decades, leading 
towards a positive phase. These winters are related to higher 
than usual pressure in the subtropics and lower pressure in the 
Arctic. Thus, winters are dry and warm in Southern Europe, 
wet and warm in Northern Europe, and dry and cold in 
Greenland. On the other hand, during the negative periods of 
the NAO, winters are usually cold in Northern Europe, wet and 
humid in Southern Europe, and milder in Greenland. Climate 
anomalies combined with the NAO have effects on rainfall in 
North Africa, as demonstrated in [38-42]. The periodicity 
demonstrated for this part of the study area can also be tuned to 
the 25 years of the positive observed phase of the NAO (as it 
was a depiction of the correlation analysis). 

 

(a) 

 

(b) 

 

Fig. 9.  Temporal evolution of the annual NAO index and the factorial 

scores PC1. 

Thus, a study taking into account the observation period of 
2005–2011 could reveal that the negative phase of NAO led to 
increased precipitation. From the middle of 1970's to 2000, the 
NAO annual index enters a positive phase, and the regional 
precipitation regime, represented by the first component, 
presents a decreasing trend. Furthermore, a negative 
association (Pearson’s r = 0, Pearson’s r = 0.209) was found 

between the first component and NAO during 1975–2000. The 
association will be clear on a seasonal scale, as the NAO 
phenomenon affects winter precipitation. 

X. CONCLUSION 

The use of Principal Component Analysis (PCA) allowed 
us to identify 4 significant geographical regions with coherent 
precipitation variability showing the influence of two regimes 
in the investigated area: a central zone from the north toward 
the south of Algeria that is affected by the rainfall deficit and 
two lateral zones registering no deficits. The reliefs of the 
analyzed area are essential to the high mountain plateau type, 
and the noticed phenomena are less dependent on the intrinsic 
characteristics of the domain. However, this would require a 
considerable change of the meteorological variations over a 
wider area, determining the transit corridors of the rainy 
currents. It precedes the unique effect of the approach of 
Moroccan Atlas mountain range. The central region of the 
domain becomes the most targeted for climate change. 
Nonparametric statistical tests of the annual precipitation series 
show a weak trend at most of the studied stations in Algeria. 
The result is in line with the results received in several trend 
analysis studies. One of the suggested recommendations to 
describe wet and dry sequences precisely is the analysis of 
precipitation time scales over the years, which enable the study 
of possible changes in rainy and dry times. 
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