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Abstract

:

The ecological effects of intermittent water supplement in Lake Baiyangdian were analyzed with an NDVI time series based on the data from 1 April 1998 to 31 July 2008. Four NDVI categories were extracted, and twelve stages were grouped based on the specific replenishment time of water allocation. STR (a seasonal-trend decomposition procedure based on regression) and its corresponding linear regression and abrupt change detection were used to highlight the temporal variations in vegetation under the effects of water allocation. ANOVA was used to identify the response quality of the vegetation in each stage. The results showed that the significant increasing trend of each NDVI category was detected by linear regression (p < 0.001). The 95% abrupt change intervals showed uncertainty and complexity in the immediate vegetation response to water division times. The most abrupt changes were detected in the growing seasons. The extremely significant differences in NDVI variation before and after water allocations were detected by ANOVA (p < 0.001, t-test). The longer the duration of water allocation was maintained, the higher the detection of vegetation coverage was relatively. The increased vegetation coverage benefited from the constant water supply. Our results provide evidence of vegetation responses to intermittent water divisions. The positive effects of water allocation on regional ecological restoration were confirmed. This study strengthened the water division effects of regional vegetation restoration and provided a practical strategy for an effective implementation of water allocation.
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1. Introduction


Hydrological regimes have substantially affected the structure, functions, and dynamics of most ecosystems, especially shallow lake ecosystems in arid and semiarid regions [1]. Vegetation cover around the lakes in those regions has suffered from water scarcity for a long time [2]. The availability of water, especially for its temporal and spatial distribution, dominated the dynamics of vegetation cover to a large extent [3]. Thus, vegetation dynamics were previously considered a major ecological indicator of ecosystem response to water availability. The relationship between vegetation and water availability has been a hot topic of global environmental change and ecological restoration [4,5].



The central role of balancing water loss and vegetation restoration should receive sufficient attention by both researchers and the decision makers in ecosystem sustainable development [6,7,8]. The large scale of water transformation aims to maintain regional economic and ecological sustainable development [6]. However, the imbalance between enlarged water utilities in the midstream region (i.e., irrigated agriculture) and the water crisis of natural ecosystems in the downstream region has become increasingly prominent [9,10], especially in areas with scarcity of original water resources. In an ideal state, the suitable level of water diversion with an emphasis on both human needs and ecological restoration is difficult to determine due to the water loss of evapotranspiration, retention, and leakage [11,12,13,14]. In fact, the responses of regional ecosystems to water resource regulation caused by water diversion include many complicated ecohydrological processes [15,16]. Even so, the vegetation change before and after water diversion could directly reflect the effects of water allocation. Water allocation has become a necessary measure to better reallocate limited water resources for regional ecosystem conservation and restoration in Central Asia [14,17] and Northwest China [18,19]. Due to the development of technology, the Normalized Difference Vegetation Index (NDVI) using remote sensing data has become a key indicator of the current vegetation cover. The long-term time-series data provide important detailed information for evaluating vegetation change to better evaluate the effects of water transformation. Previous research has indicated that regional vegetation cover is sensitive to water fluctuations [11,20,21]. Regional ecoenvironment quality and stability are important for a healthy ecosystem [22,23]. In the restoration of larger-scale vegetation distributions, the effects of regional sustainable ecosystems could be reflected in the scope of the NDVI [24,25]. Omute et al. [26] revealed strong interactions between lake vegetation cover and hydrological conditions, especially in low-precipitation years. Some studies put more emphasis on relatively short-duration statistical models to evaluate ecological services [27,28], to gain public acceptance for larger water projects and policy changes [29], to affect the responses of vegetation dynamics to hydroclimatic factors [14], to fulfil water reclamation management [12], to change operational rules with hydrologic state-dependent multi-reservoirs [6], and to understand the relationships among soil, hydrology, vegetation and climate changes [8,13,30]. The studies also concentrated on the relatively short time duration with water divisions or a specific impact of water division. Evaluations of ecological effects on decadal scales and under intermittent water allocation are not abundant.



In April of 2017, the Xiongan New Area of Hebei Province was constructed by the Central Committee of the Communist Party of China and the State Council. It was a multifunctional area that undertook the significant tasks of reform and opening up the region. The Xiongan New Area was considered as the third state-level new areas that rank behind the Shenzhen Special Economic Zone and the Shanghai Pudong New District. As an important ecological water body of the Xiongan New Area, Lake Baiyangdian was selected as the object of study, considering the constant water replenishment in the future due to the top priorities of ecological restoration. With future population increase and rapid economic development, water consumption is expected to increase dramatically, which in turn would diminish water availability. The intermittent water allocation time periods were specified by extracting twelve stages representing every continuous time interval of water transformation during the recorded ten years.



The specific objectives were: (1) to elaborate the decadal trend and abrupt pattern of vegetation dynamics caused by constant and intermittent water allocations; (2) to identify the response strengths and differences of vegetation to intermittent water allocation in different NDVI categories; and (3) to propose a new regime for future water supplement with an emphasis on the ecological effects. The decade NDVI time series with 10-day synthesis datasets (1 April 1998 to 31 July 2008) from the SPOT-VGT S10 TOC NDVI products in Lake Baiyangdian were used to explore the temporal and spatial responses of the NDVI to water resources. Three groups represent the extracted three time-series NDVI data in the same time period but in different years. It refers to three time periods representing the real water allocation time period, the same time ahead one year, and the same time after the year. The NDVI series data were extracted to every stage in each group based on the NDVI values for 383 grid cells inside the boundary of Lake Baiyangdian. The categories included the minimum of NDVI (NDVImin), the mean value of NDVI (NDVImean), the most frequent pixel value of NDVI, meaning the value appeared in the largest number (NDVImost), and the maximum of NDVI (NDVImax). The data were first analyzed for trends and abrupt changes in each NDVI category and then the vegetation responses to water allocation using ANOVA.




2. Materials and Methods


2.1. Study Area


Baiyangdian Lake (38°43′ N to 39°02′ N, 115°45′ E to 116°07′ E) is the largest natural freshwater shallow lake in North China (Figure 1). It consists of hundreds of small and shallow lakes linked by thousands of ditches, with a surface area of 366 km2. In April 2017, the construction of the Xiongan New Area was of profound significance in economic and social development. The restoration of the Lake Baiyangdian is the top priority of new district construction due to its important role in supplying drinking water in the region, sustaining agriculture, as well as controlling floods and regulating the regional climate for the basin. Three reservoirs are located in upstream of the lake, which are named Angezhuan reservoir, Wangkuai reservoir, and Xidayang reservoir. The mean precipitation is 530.4 mm, and the regional climate is dominated by continental monsoons of a humid or subhumid region, as the topography vary little in such a flood plain (altitudinal variation of up to 9 m), and the effect from precipitation on vegetation may be negligible.



In recent years, the lake has become seriously polluted, mostly caused by insufficient water resources. As sources for the economic and social water users, the upstream reservoirs have profoundly changed the hydrologic regime of the lake. Accordingly, the natural outflow of the upstream reservoir is inadequate for the environmental flow requirements of the downstream to maintain and restore ecosystem health. Water scarcity has been a crucial problem that greatly influences the vegetation and agriculture production. In the 1990s, implements of the water supplements from the upstream reservoirs were conducted (Table 1), which resulted in significant variations of the hydroecological region. In this study, 12 stages were identified based on the water allocation time. Each stage represented the continuous time interval of water transformation. Detailed information is shown in Table 2.




2.2. Data Sources


The water allocation data were obtained from the Agency of Environmental Protection of Anxin County. The SPOT-VGT S10 TOC NDVI products, including the 10-year NDVI time-series datasets (from 1 April 1998 to 31 July 2008) with a spatial resolution of 1 by 1 km, were obtained from the European Space Agency (www.vito-eodata.be, accessed on 11 May 2021). The compiled VGT S10 products (10-day syntheses) acquired in a 10-day period. All NDVI images were reprojected in UTM coordinates as the metadata for the study.



The monthly time-series NDVI data were extracted as the following three groups. Three groups represented three time periods indicating the real water allocation time period, the same time one year before, and the same time one year after, respectively. The Current group represents the extracted NDVI data during the water allocation periods, and the Before group represents the extracted NDVI data during the same time of water allocation 1 year earlier, and the After group represents the extracted NDVI data during the same time of water allocation after 1 year.



The total 383 grid cells (Figure 1) with 1 km spatial resolution were extracted inside the boundary of Baiyangdian Lake. The NDVI series data were extracted to each grid cell for the analysis, and the NDVImin, NDVImean, NDVImax, and NDVImost were considered.




2.3. Statistical Methods


2.3.1. STR Trend Component Extraction


STL (seasonal-trend decomposition using loess) is a widely used method because of its availability in R [31] However, only a few of the methods have the clarity, simplicity, and generality that allow them to handle the many problems that occur with seasonal data decomposition [32]. STR can resolve problems with seasonal decomposition by recasting the data in the framework of ordinary least squares or quantile regression. In particular, the robust version of STR could find the specific changes in the trend component.



The simplest STR is an iterative nonparametric procedure using repeated loess fitting [31]. A time series of monthly monitoring data may be considered a sum of three components: high-frequency seasonal; low-frequency, long term (or trend); residual (variation not explained by time).


Yyear;month = Tyear;month + Syear;month + Ryear;month



(1)




where Yyear,month is the observed value for a given year and month, Tyear,month is the trend component, Syear,month is the seasonal component, and Ryear,month is the residual term.



In the simplest STR model, the maximum likelihood is applied to estimate the cross-validated residuals of the seasonal components. The cross validation is used to estimate the residuals of minimizing SSE (the sum of squares due to error), while the optimal parameters were obtained on the basis of the R core “stats” package. The robust STR was chosen to extract the trend component. All STR analyses were conducted by the “stR” package in R language (cran.R-project.org/). The detailed methodology can refer to [32].




2.3.2. Linear Regression of the Trend


The continuous time-series variables were treated as the extracted trend components. The linear regression analysis was conducted to explore possible statistical trends of the magnitude of NDVI changes. The sensitivity of the temporal variables was estimated by a partial least squares (PLS) regression. The regression coefficients were applied to estimate the overall goodness-of-fit. The linear regression analyses were performed in R (cran.R-project.org/).




2.3.3. Abrupt Change Detection


As for time-series analysis, structural changes represent shocks impacting the evolution process of the data generation. The intermittent water allocations implied irregular disturbances to normal ecological changes. In the study, the abrupt change analysis was performed by a Bayes information criterion (BIC) method. An optimal number and location of breaks, which evaluate the candidates for structural breaks, was calculated by BIC methods [33]. In addition, the least squares and the minimized residual sums of squares (RSS) were used for slope estimation. The “strucchange” package in R language was applied for the abrupt change analyses. The package could detect several potential breakpoints in a time-series dataset before specifying the optimal breaking number. Based on the minimum BIC and the global minimized RSS, the optimized number of breakpoints can be obtained. In this study, we focused on the abrupt time and concentrated on the abrupt duration at a 95% significance level.




2.3.4. ANOVA


The significant variations in the NDVI categories under different groups were systematically analyzed by one-way ANOVA, and the multiple comparisons were conducted with the current group under the t-test. As the vegetation has the same phenological characteristics in the specific period of one year, the three aforementioned groups represent the extracted three time-series NDVI data in same time period but in different years. The vegetation dynamics may be influenced by water availability, and this could be drawn by pairwise comparison in ANOVA. All analyses were performed in R (cran.R-project.org/, accessed on 11 May 2021).






3. Results


3.1. Statistics Description


As presented in Figure 2, the two obvious classifications are shown in all NDVI variables, which indicate that water allocation occurs in the growing season and nongrowing seasons of vegetation. Table 2 shows the descriptive summary of the NDVI categories of the three groups in different stages of water allocations. The results show that NDVImean values are higher after water allocation compared with those before water allocation except in stages 1, 5, and 10, but the differences are not large. The NDVImean values are either slightly larger or are similar in the Before group compared with those in the Current group. The NDVImost and NDVImin categories also show similar results. There are also some negative values of NDVImin, which implies that water allocation occurs in the non-growth season of vegetation. The relatively higher NDVI values occur in the growing season. It should be noted that vegetation cover could be reflected by NDVI because each duration in the 12 stages contains vegetation greenness, which could be detected by remote sensing.




3.2. NDVI Trend Analysis


Robust STR can tolerate outliers well and can provide details for the NDVI trend component (marked as blue circles) in Figure 3. Detailed information on the STR results is shown in the Supplementary Materials (Figures S1–S4). As shown in Figure 3, the linear regression of the trend component displays an extremely significant increasing trend for all four NDVI categories (p < 0.001). The marginal box plots show the relative centralized distribution of NDVImost category data (Figure 3). The extremely significant increasing trends of all NDVI categories show the positive effects of water supplement in the lake. The color background representing the duration of the water allocations indicates the heavy dependence of lake ecosystems on water resources in recent years.




3.3. Analysis of Abrupt Change


The BIC method was used for change-point detection and the least squares. The minimized RSS was applied for the estimation of slope. The optimized number of breakpoints is obtained by the minimum BIC and the associated RSS (Figure S5 in the Supplementary Materials). In this case, we focused on the abrupt time and concentrated on the abrupt duration at the 95% significance level (green background in Figure 4) based on the minimum BIC, which coincided with the associated smaller RSS criterion. As shown in Figure 4, abrupt changes are detected in the NDVI categories with the optimized number of breakpoints: 4 for NDVImean, 6 for NDVImax, 8 for NDVImin, and 6 for NDVImost. The dashed line represents the exact abrupt change point. Obviously, neither the 95% abrupt change intervals nor the exact abrupt change points show the immediate response of vegetation to water allocation in the entire recorded data. However, NDVImean in stage 4 shows quick response, as well as NDVImax in stages 3 and 4, and NDVImost in stages 4 and 5. Moreover, supporting evidence for those quick responses was captured by the intense frequencies of water allocations after 2001 and the relatively large percentage of the receiving water column with respect to the lake total volume (such as 14.5% in 2001 and 31.9% in 2002, as shown in Table 1). The results indicate that high-frequency and long-term water divisions could increase the significant abrupt intervals. The results also indicate the greater uncertainty and complexity of vegetation response to water allocation on temporal scales. The time-series data of NDVImean show less abrupt change numbers compared with those of the other NDVI categories. Most abrupt changes were detected in the growing seasons except for the 4th change in NDVImean (Figure 4A), the 3rd change in NDVImax (Figure 4B), the 6th and 7th changes in NDVImin (Figure 4C), and the last 2 changes in NDVImost (Figure 4D). In addition, the maximum value of NDVI occurred in the growing season in 2004 (Figure 4). The higher NDVI values imply a relatively high plant cover when water is unavailable. The results reflect the effective implementation of water allocation when plant cover is high and the water resource is urgent. After 2004, NDVImean showed stable fluctuations (Figure 4A), which also implied that the stable vegetation cover of the ecosystem benefited from previous water allocations.




3.4. Ecological Responses of Vegetation


The ecological responses of the plant cover to water supplement at each stage were analyzed using one-way ANOVA as well as comparisons with the respective current group (Figure 5). As shown in Figure 5, the ANOVA results reveal extremely significant differences (p < 0.001, t-test) with the comparisons to the respective current group in all stages except the Before group in stage 7 (Figure 5G), the After group in stage 9 (Figure 5I) and the Before group in stage 12 (Figure 5L). The large extension in vegetation cover (showing the narrow and tight box of the boxplot) occurs in the periods of during and after water allocation in shortened durations of water allocations (Figure 5A–D,G,H,J). The higher vegetation cover could be maintained or even extended further for a long time in the long-term duration of water allocation (Figure 5E,F,I,K,L). The results reflect the positive impacts of water allocation on plant coverage. In addition, the intermittent water allocations provide much larger water resources, and the accumulated water column could maintain a sustained water supply for ecosystem restoration. Thus, the implementation of water transformation is beneficial for vegetation restoration. Moreover, although the water loss due to evapotranspiration, retention, and leakage is not reflected in the research, the water allocation time should be emphasized.





4. Discussion


Although fluctuations in vegetation coverage persist in the decadal trend component, the linear regression reveals a significant increasing variation in the NDVI time-series data. The constant intermittent water allocation played an important role in regional vegetation growth. It was reported around Lake Victoria that NDVI could predict hydrological variations in less rainfall years, and this indicates the strong correlations between NDVI and water availability in a water scarcity area [26]. The maxima of NDVI occurred in the growing season when NDVI was highly correlated with rainfall on a monthly scale [33]. Our results show similar phenomena. In the nongrowing season, when the NDVI values were lower, water supplement was timely conducted. The results also indicate the positive effects of water allocation. After the shortened duration of water allocation, the results imply that the relatively moistened conditions were beneficial for the vegetation threatened by water scarcity.



The NDVI trend displayed stable fluctuations during the recent years of the recorded duration. Similar results were also presented by [33], indicating important effects of water availability on NDVI dynamics. The supporting evidence shows that a relatively larger discharge flowed into the lake in 2008, as well as evidence from the duration of water allocation in stage 12 in 2008. However, the extended duration of water allocation influenced more vegetation by sufficient water availability infiltrating longer distances. Ling et al. [13] reported the significant and positive correlation of the ecological water requirement with the distance from the river on both banks. The ecological water requirement of the riparian vegetation can be met over a stretch between 4.9 km and 10.0 km as long as sufficient infiltration could keep going long enough [13]. In the condition of even a 90% frequency of river inflow, water leakage could only meet roughly less than 40% of the ecological water requirement, and the proper inflow and duration were necessary for vegetation restoration [34]. Our results implied similar conclusions of positive vegetation restoration with high-frequency and long-term water divisions. In fact, ecological water allocation are defined to meet the water requirement of growing vegetation, as well as to realize the effective utilization of ecological water [35,36]. Thus, vegetation growth and its breeding characteristics should be considered when water supplements were implemented in growing seasons [34]. In our study, most water allocations were implemented during the nongrowing season of vegetation. Thus, the proper time should be considered when making a plan of ecological water allocation. Peña-Arancibia [37] emphasized the importance of combining remote sensing and hydrological models in improving water allocation decisions. The adequate spatial and temporal resolution of data according to the operational and planning phases should be stressed to address uncertainty in large regions [38]. Our results only implicitly imply the temporal uncertainty of vegetation response to intermittent water supplement. Furthermore, the exact effects of the accumulation of water resources are difficult to assess when water allocations are implemented frequently.



In addition, this study was somewhat limited by the raw rough hydrological recorded data, as well as the temporal and spatial resolution of the remote sensing data. The former data are discontinuously recorded on an approximately monthly scale. The latter data were representative of 10-day periods, in which the temporal resolution contributes to uncertainty in the estimation of vegetation changes. As an unbiased method was used, the extractions of NDVI should be robust. In terms of spatial resolution, each grid cell generally consisted of several different types of vegetation. It is important to acknowledge that the extracted NDVI values are representative of vegetation types rather than individual species.




5. Conclusions


The ecological effects of intermittent water allocation on the corresponding vegetation were analyzed based on remote sensing data. The temporal variations of vegetation were presented by conducting the extraction of an NDVI trend component and the corresponding linear regression. The ANOVA method was applied to identify the response quality of plants to the constant intermittent water divisions. Our conclusions are as follows:




	1)

	
The significant increasing trend of each NDVI category was detected by linear regression. The decadal increasing NDVI trend implied the positive effects of ecological restoration due to long-term water allocations.




	2)

	
The immediate response of vegetation to water allocation was not detected based on the 95% abrupt change intervals. The high-frequency and long-term water divisions could increase the significant abrupt intervals. There was also more uncertainty and complexity in vegetation response to water allocation on temporal scales, although most abrupt changes were detected in growing seasons.




	3)

	
Extremely significant differences in NDVI variations before and after water allocations were detected by ANOVA (p < 0.001, t-test). The longer the duration of water allocation was maintained, the higher the detection was in relation to the vegetation coverage. The increased vegetation coverage benefited from the constant water supply.









Our results provide evidence of vegetation responses to intermittent water divisions. The positive effects of water allocation on regional ecological restoration were confirmed. However, although the water loss due to evapotranspiration, retention, and leakage was not reflected in the research, the water allocation time should be emphasized. Thus, the results of this study are global to the degree where they can be extended to other similar regions for implementing water allocations. Moreover, they are valuable for further confirming the water division effects of regional vegetation restoration and developing a practical strategy for guiding the implementation of water allocation.
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Figure 1. Geographical location of study area and sampling sites. 






Figure 1. Geographical location of study area and sampling sites.



[image: Water 13 01400 g001]







[image: Water 13 01400 g002 550] 





Figure 2. Histogram showing the frequency distribution of (a) NDVImean, (b) NDVImax, (c) NDVImin, and (d) NDVImost. 
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Figure 3. Linear fitness for the trend extracted from STR in (A) NDVImean, (B) NDVImax, (C) NDVImin, and (D) NDVImost; the color background represents the water allocation occupancy time. 
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Figure 4. Structure changes for the trend component from STR in (A) NDVImean, (B) NDVImax, (C) NDVImin and (D) NDVImost; the red background represents the water allocation occupancy; the green background represents the 95% confident abrupt changing period; the dashed line represents the breakpoints. 
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Figure 5. ANOVA analysis of month-fold NDVI response to water allocations: (A–L) represents stages 1–12, respectively. 
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Table 1. Implementations of water allocations during 1998–2008.
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	Year
	Time Period of

Water Allocation
	Reservoir
	Discharge Out of the Reservoir (106 m3)
	Discharge Flow into the Lake (106 m3)
	Percentage to Lake Volume (%)





	1998
	Nov
	Angezhuang
	33.06
	21.5
	1.0%



	1999
	Feb–Mar
	Angezhuang
	27.43
	17.8
	1.3%



	2000
	Jul, Dec–Jan
	Angezhuang, Wangkuai
	111.1
	58.6
	10.1%



	2001
	Feb–Mar, Jun–Jul
	Angezhuang, Wangkuai
	94.7
	66.7
	14.5%



	2002
	Feb–May, Jul–Aug
	Xidayang, Wangkuai
	150
	85.7
	31.9%



	2003
	Jan–Mar
	Wangkuai
	200
	116.3
	21.3%



	2004
	Feb–Jun
	Yuecheng
	390
	160
	14.5%



	2005
	Mar–Apr
	Angezhuang
	58.6
	42.5
	3.2%



	2006
	Mar–Apr
	Angezhuang, Wangkuai
	122
	56.7
	6.5%



	2007
	Nov–Mar
	Yellow River
	200
	100.1
	13.2%



	2008
	Jan–Jun
	Yellow River
	312
	156.6
	13.1%
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Table 2. Descriptive summary of NDVI categories of three groups in different stages of water allocations.
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Levels

	
Duration Month

	
N

	
Before Group

	
Current Group

	
After Group




	
Year

	
NDVImax

	
NDVImin

	
NDVImost

	
NDVImean

	
NDVIsd

	
Year

	
NDVImax

	
NDVImin

	
NDVImost

	
NDVImean

	
NDVIsd

	
Year

	
NDVImax

	
NDVImin

	
NDVImost

	
NDVImean

	
NDVIsd






	
Stage 1

	
Nov

	
1149

	
-

	
-

	
-

	
-

	
-

	
-

	
1998

	
0.412

	
−0.004

	
0.160

	
0.203

	
0.103

	
1999

	
0.356

	
0.020

	
0.184

	
0.194

	
0.057




	
Stage 2

	
Jan–Feb

	
2298

	
-

	
-

	
-

	
-

	
-

	
-

	
1999

	
0.252

	
−0.040

	
0.164

	
0.102

	
0.061

	
2000

	
0.296

	
−0.008

	
0.132

	
0.111

	
0.048




	
Stage 3

	
Jul

	
1149

	
1999

	
0.696

	
0.2

	
0.532

	
0.485

	
0.093

	
2000

	
0.804

	
0.22

	
0.572

	
0.577

	
0.120

	
2001

	
0.764

	
0.272

	
0.688

	
0.621

	
0.095




	
Stage 4

	
Dec–Mar

	
4596

	
1999–2000

	
0.388

	
−0.008

	
0.048

	
0.116

	
0.067

	
2000–2001

	
0.384

	
−0.060

	
0.028

	
0.100

	
0.065

	
2001–2002

	
0.364

	
−0.040

	
0.136

	
0.133

	
0.050




	
Stage 5

	
Jun–Jul

	
2298

	
2000

	
0.804

	
0.220

	
0.576

	
0.563

	
0.119

	
2001

	
0.764

	
0.072

	
0.688

	
0.541

	
0.162

	
2002

	
0.824

	
0.016

	
0.684

	
0.520

	
0.210




	
Stage 6

	
Feb–May

	
4596

	
2001

	
0.768

	
−0.060

	
0.036

	
0.243

	
0.204

	
2002

	
0.784

	
−0.040

	
0.136

	
0.254

	
0.169

	
2003

	
0.744

	
−0.036

	
0.144

	
0.266

	
0.192




	
Stage 7

	
Jul–Aug

	
2298

	
2001

	
0.784

	
0.272

	
0.708

	
0.632

	
0.083

	
2002

	
0.848

	
0.264

	
0.660

	
0.631

	
0.115

	
2003

	
0.828

	
0.300

	
0.704

	
0.662

	
0.076




	
Stage 8

	
Jan–Mar

	
3447

	
2002

	
0.364

	
−0.040

	
0.136

	
0.126

	
0.049

	
2003

	
0.248

	
−0.036

	
0.036

	
0.109

	
0.052

	
2004

	
0.276

	
0.008

	
0.148

	
0.150

	
0.035




	
Stage 9

	
Feb–Jun

	
5745

	
2003

	
0.784

	
−0.036

	
0.144

	
0.327

	
0.219

	
2004

	
0.824

	
0.032

	
0.144

	
0.334

	
0.208

	
2005

	
0.816

	
−0.024

	
0.028

	
0.338

	
0.246




	
Stage 10

	
Mar–Apr

	
2298

	
2004

	
0.692

	
0.044

	
0.156

	
0.212

	
0.118

	
2005

	
0.588

	
−0.024

	
0.148

	
0.197

	
0.120

	
2006

	
0.532

	
0.024

	
0.152

	
0.184

	
0.088




	
Stage 11

	
Mar–Apr

	
2298

	
2005

	
0.588

	
−0.024

	
0.148

	
0.197

	
0.120

	
2006

	
0.532

	
0.024

	
0.152

	
0.184

	
0.088

	
2007

	
0.664

	
−0.024

	
0.136

	
0.204

	
0.103




	
Stage 12

	
Nov–Jun

	
9192

	
2006–2007

	
0.752

	
−0.096

	
0.192

	
0.260

	
0.176

	
2007–2008

	
0.772

	
−0.004

	
0.136

	
0.261

	
0.179

	
-

	
-

	
-

	
-

	
-

	
-
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