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Abstract
[bookmark: _GoBack]Groundwater is a significant resource for water uses. Groundwater depletion is becoming a global issue for water sustainability. Many places of Globe are suffering to decrement of groundwater. India is overexploiting this resource for irrigation, urbanization and industrialization. In this study evaluation of groundwater storage potential is taken into consideration for Bankura district, West Bengal. Periodical data observed from November 2007 to January 2017 is perceived for study purposes. Broadly remote sense method is used in this study. In the present work Gravity Recovery and Climate Experiment (GRACE) technique is applied for predicting groundwater changes. With the inclusion of Global Land Data Assimilation Systems (GLDAS), performance predictor implies good results. Estimation shows groundwater depletion is amounting to be an average rate of 0.35cm/year. September 2011 experienced maximum positive groundwater changes with equivalent thickness of 17.6722 cm, whereas in June 2013 the substantial change of depletion is found to be -24.16828 cm. Both observed and estimated groundwater changes are compared and have established the value of correlation coefficient as 0.827. 
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Introduction
70% of earth is covered with water, but 1% of fresh water is readily accessible for human beings. For use of 1 % fresh water, 99% is available as ground water resource. When the replenishment amount of groundwater is less than the withdrawal amount, the area will experience the negative change of groundwater storage termed as Groundwater depletion. Due to lack of rainfall, different places of Globe are interacted through scarcity of groundwater. Several regions over the globe are depending on groundwater resources for usage of agricultural, industrial and domestic purposes. Groundwater depletion leads to water scarcity, land subsidence, increment of pumping costs, decrement of water quality, affecting environment, sea level rise. Groundwater replenishment depends on aquifer parameters, geology, soil structure, rainfall and surface water of a particular region. Growth of population and necessities demands preservation of the groundwater resources, which necessitates the groundwater storage. Places of Middle East region, North China, Colorado River basin, Bengal basin, Central valley of California and plain aquifer are experienced under Groundwater depletion since last 15 years. Many places of India are also interacted to deficiency of groundwater. According to Central Ground Water Board (CGWB), our country consuming 230 billion cubic meters of groundwater for irrigation, domestic and industrial purposes annually. 
North western states (Rajasthan, Punjab and Haryana) are experienced 4.06±1.0 cm/year of groundwater depletion during study period of August 2002 to October 2008 [1]. The main reason of depletion through evapotranspiration loss is due to high temperatures and hot climatic conditions. Meerut and Lucknow regions have depletion rates of 2.76 ± 0.87 cm/year and 1.46 ± 0.74 cm/year respectively [2] due to the urbanization and land use changes. Kandivalasa River sub basin (Andhra Pradesh) experienced 5.6 MCM of groundwater depletion during 2013-2015 [3]. Depletion rate of groundwater in Tamilnadu during 2002-2012 was observed to be 21.4km3/year [4]. The depletion rate of groundwater happening in India majorly affected due to agriculture. The farmers are depending on groundwater for cultivation in post monsoon kharif and rabi seasons.
In present days, finding groundwater accessibility is not an easy process. It is partly due to the difficulties such as less observing stations, deficiency of insufficient measureable data. Therefore, many scientists have started researching on remote sensing methods to explore more about groundwater. Remote sensing has its own advantages and limitations over the local observed well data. In recent days, researchers using this type of approach and validating the results with local monitoring well data results to know how compatible it is. Most of the studies succeeded to correlate these two methods. 
They estimated confining layer depletion, as well as procedures for approximating confining layer hydraulic conductivity and specific storage using geologic information [5]. [6] GRACE, Lake Altimetry, and model soil moisture are included to decrease scaling factor bias and compare estimated groundwater storage changes in East Africa. GRACE is applied to determine extract changes in groundwater storage [7]. Various time series models are applied to forecast groundwater level in Kashan plain, Iran [8]. They projected groundwater storage across Alberta river basin, Canada using an arrangement of GRACE, surface water and GWSAsat data [9]. [10] They highlighted uncertainties in GWD estimating and importance of incorporating prior information to refine spatial patterns of GRACE signals which could be more useful in groundwater resource management. [11] Long-term groundwater storage variation re-assessed in Northwest India using an extended record of GRACE time-variable gravity measurements method. [12] Ability of satellite measurements through GRACE is evaluated to trace seasonality and trend in groundwater storage for Bengal Basin of Bangladesh. [13] Soil moisture and snow by GLDAS is simulated to isolate groundwater storage from GRACE for the Mississippi River basin. [14] Feasibility of downscaling GRACE satellite data is investigated for prediction of changes in groundwater level. [15] Changes in regional groundwater storage in North China from GRACE satellites data and field data from 2003 to 2010 are estimated. [16] Monthly changes in total water storage via GRACE data is appraised across the Middle East. 
In the current study, GRACE (as a remote sensing method) and GLDAS is used to evaluate variations in groundwater storing in the Bankura district region of West Bengal during for a period of November 2007 to January 2017.
2. STUDY AREA
The Bankura district is situated in the state of West Bengal, which has coordinates of 23.250N and 87.070E. It is one of the largest districts in the state with an area of 6,882 km2. It shares district boundaries with Barddhaman, Purulia, Paschim Mednipur and Hoogly in the directions of north, west, south and east directions respectively. The district is connecting the plains of Bengal on the East and Chota Nagpur plateau on the west. The major rivers in the district are Damodar, Shilabati, Kangsbati, Dwarkeswar and Sali. The atmosphere is mid hot from the starting of March to starting of June, and the temperature going around 45 0C. It is observed that the normal rainfall of the district is 1400 mm, in which most of rainfall is observed in monsoon months (June to September). The major aquifer systems in the district are alluvium, laterite, banded gneiss complex (BGC), schist and sandstone. The depth of groundwater table depends on the properties of the aquifer system. Detail information about some properties of aquifer systems in the Bankura district is accessed in Table 1.  
Table 1 Aquifer systems in Bankura district
	Aquifer system
	Area covered (km2)
	Depth to water table in meters
	Specific yield (%)

	Alluvium
	3599
	5-10
	8-20

	BGC
	1848
	-
	-

	Sand stone
	155
	5-10
	3

	Schist
	881
	5-10
	1.2

	Laterite
	96
	5-10
	3


The above information collected from Central Groundwater Board (CGWB) and India Meteorological Department (IMD).
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Figure 1 (a) West Bengal map (colour) in India and (b) Bankura district in West Bengal

In the present study average specific yield of Bankura district is taken as 8%. Because, 52% of area is covered with alluvium system and 48% of area covered with remaining systems. From the table, lower specific yield value of alluvium system is considered as average specific yield of the study.
3. METHODOLOGY
3.1 GRACE data sets
In the present study, GRACE is used to evaluate the variations in groundwater storage (satellite based approach). GRACE mission was started on 17th march 2002 and it was a collective work of German Aerospace Center (GAC) and National Aeronautics and Space Administration (NASA). The main objective of the mission is tracking of water from the space. The GRACE satellites functioning mainly depend on the gravity variations of the earth. The gravity is not constant everywhere on the globe. Gravity of the globe varies with the position. It is high at poles and low at the equator. It varies from place to place very slightly. In this mission, two satellites are used to detect the gravity anomalies. These two space crafts are 220 km apart from each other and 500 km apart from the earth. These two are connected with the K-Band microwave ranging system. 
The two satellites experience the gravity pull of the various places of globe. Due to this gravitation the distance between them changes which are stored as gravity anomalies data. Here is the brief explanation of the working principle. For example, if these two satellites approaching the huge mass of mountains, the first satellite experiences the gravity pull of mountains. Due to this the distance between them increases. After some time, the both satellites experience the gravity pull of the mountains (the mountains position is exactly between the satellites). Due to this the distance between them decreases. After some time, the trailing satellite will experience the gravity pull. Due to this, the distance between them again increases. The ranking system perceives very small distance changes occur between the two spacecraft. It can sense the changes as small as 10 micrometers despite of the distance between them is 220 km. These two space crafts are connected to the GPS such that scientists identify the position of them over the globe.  The two satellites experience the gravity pull of the various places of globe. Due to this gravitation the distance between them variations which are stored as gravity anomalies data.
The satellites cover an area of ~160,000 km2 and observe a specific place once in a month (Rodell et al. 2009). The global water includes surface water (reservoirs), snow, soil moisture and groundwater. In the current study we neglect snow and surface water. Because there are no snowfall records in the study area and reservoir in the study site have very less area such that the satellites cannot track. The data is collected as terrestrial water storing anomalies with respect to the space and time i.e.in the specified time and at the specified place, the global water storing variations get collected. The terrestrial water storing variations data are accessible from this link http://gracetellus.jpl.nasa.gov/data/. From that web page I downloaded RL05 monthly mass grids of land. There are CSR, JPL and GFZ data sets of TWS available. The data is for 10×10 pixels and relative to average time baseline from January 2004 to December 2009 (information about this time mean baseline explained in GRACE data download page). The arithmetic mean of these three data sets gives accurate values of terrestrial water storing variations (Sakumura et al. 2014). To minimize signal error scaling coefficients should be multiplied to the obtained data. The downloaded TWS variations are given as equivalent thickness of water. All the data sets processed through software Panoply 4.10.3.
Equivalent thickness of water: The gravity field variations observed relative to the time mean baseline is converted to surface mass variations in the particular area (kg/m2). Most of the time variable variations are related to water. They divided this mass change with water density (1000 kg/m3). The output is called as Equivalent depth or thickness of water (cm or m).
3.2 GLDAS data sets
It gives soil moisture data. This data are downloaded from Goddard Earth Science Data and Information Services Center (GES DISC). For, the present study, GLDAS_NOAH 2.1 is used to estimate soil dampness from the surface up to 200cm depth. GRACE and GLDAS data should be in same spatial (10) and temporal (month) scale. The obtained GLDAS data set denotes four data sets of soil moisture as 0-10cm, 10-40cm, 40-100cm and 100-200cm. The sum of these data sets gives total soil moisture of specific area and month. To compare any data with GRACE data sets, the data to be consistent with mean time baseline which is used for TWS data sets. To obtain soil moisture change of particular month, the average soil moisture of January 2004 to December 2009 is deducted from soil moisture of that particular month (Y.B. Katpatal et al. 2017).
                ΔSM = SM - SMavg (2004-2009)                                                                  	      (1)    
Here,
                ΔSM = soil moisture variations at time
                SM = soil moisture at time
                SMavg (2004-2009) = avg. soil moisture (Jan 2004 to Dec 2009)
All the data sets which are mentioned above are processed using Panoply 4.10.3 software. Finally, using GRACE dependent evaluations of terrestrial water storing (TWS) variations and GLDAS based soil moisture variations, the groundwater storing (GW) variations were estimated as per (Rodell et al. 2007, 2009; Chinnasamy et al. 2013)
                     ∆GWSGRACE  = ∆TWS - ∆SM                                                                   (2)
 Here,   
                    ∆GWSGRACE  – variations in groundwater storing obtained from GRACE
                    ∆TWS – variations in terrestrial water storing
                    ∆SM – variations in soil moisture content
GRACE data as a NC (NetCDF) file and GLDAS data as NC4 file for the period from January 2004 to January 2017 is downloaded. To read and understand these data set files we use the panoply 4.10.3 software. The TWS variations of January 2011, June 2011, May 2012, October 2012, March 2013, August 2013, September 2013, February 2014, July 2014, December 2014, June 2015, October 2015, November 2015, April 2016, September 2016 and October 2016 are missed in the GRACE data. Then analysis of the remaining 95 months TWS data is done.
3.3 Observed Groundwater data
We downloaded local (observed) groundwater level data from Central Ground Water Board (CGWB) for period January 2004 to January 2017 of Bankura district. Usually CGWB measures groundwater level with respect to pre monsoon, monsoon, and post monsoon kharif and post monsoon rabi seasons. According to the CGWB, for the states of Kerala, Odisha and West Bengal the month of April is taken as pre monsoon month for groundwater level measurement. August, November and January months are representing monsoon, post monsoon kharif and post monsoon rabi respectively. The downloaded groundwater data represents the depth to groundwater table which is mentioned as meters below ground level (mbgl). Groundwater level head by subtracting depth to groundwater table from 30m (because the observed wells in study area are shallow wells with the depth of 30m) is calculated. The obtained value is multiplied with the specific yield value which is mentioned in the table 1. (Y.B. Katpatal et al. 2017). These values are converted into GWS variations with reference to the average groundwater level of the time period January 2004 to December 2009. 
                     ∆GWSobs = [(30-GWL) – (30-GWL2004-2009)] × Sy                                    (3)	
Where,        
            ∆GWSobs = Observed groundwater storing variations
            GWL = Groundwater level at time  
            GWL2004-2009 = average groundwater level during January 2004 to December 2009
            Sy = Specific yield of the study area
4. RESULTS AND DISCUSSION
4.1 Analysis of GRACE – GLDAS data sets
The study area is covered with grids pixel 1, pixel 2, pixel 3 and pixel 4 as shown in the figure 2. Both GRACE and GLDAS data sets have spatial resolution of 10×10 pixels. Because of this limitation, the latitude and longitude were separated into single grids by using panoply software 4.10.3. The datasets of GRACE and GLDAS represents different value for different grids and the mid-point of each grid denotes the value of respected data.
[image: ]
                                 Figure 2 Bankura district with in grids
By using panoply datasets could be understood properly and the data files of NC and NC4 could be properly read. In this study datasets of CSR, GFZ and JPL of RL05 versions were used. We selected the 4 pixels covering the Bankura district during a study period from November 2007 to January 2017 which are shown in figure 2. It means the data of pixel 1, pixel 2, pixel 3 and pixel 4 represented by the locations with coordinates of 86.50E; 23.50N, 87.50E; 23.50N, 87.50E; 22.50N and 86.50E; 22.50N respectively. Each pixel has different values of terrestrial water storing data and soil moisture data. After using the equations 1 and 2, we found the Groundwater storing variations of each pixel which are shown in below figures. 

Figure 3 GRACE-GLDAS results for pixel 1

Figure 4 GRACE-GLDAS results for pixel 2

                                             Figure 5 GRACE-GLDAS results for pixel 3


                                             Figure 6 GRACE-GLDAS results for pixel 4
GRACE and GLDAS datasets are analysed and groundwater storage changes are estimated as liquid equivalent of 4 pixels. The groundwater storage changes and its trend lines of each pixel are shown in above graphs. All 4 pixels of Bankura district are showing decreasing trend with different slopes during the period of November 2007 to January 2017. None of the above slopes denoted the groundwater storage changes of the Bankura district because some pixels were covering more area and some covering less. Hence it becomes difficult to analyse groundwater changes of the study area.
From the above results we observed that the groundwater storing variations trend line decreasing in all 4 pixels with different slopes during study period from November 2007 to January 2017. Trend line equations of each pixel are mentioned in the above figures. None of the above trend line represents the Groundwater variations in the Bankura district. Because some pixels are covering more area of the district and some pixels are covering less area. To know the groundwater storing variations in the district, we use spatial interpolation over the Bankura district through obtained GWS variations of 4 pixels. For the spatial interpolation, here we used Inverse Distance Weighting (IDW) technique in ArcGIS software. The obtained image of ArcGIS represents the variation of GWS variations over the district and also gives mean value of GWS variations over the study period. Mean value as GWS changes of whole Bankura district are considered. After the interpolation we got the time variant images of Bankura district as shown in below.
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Figure 7 GWS in Bankura District as water Equivalent (monthly)

All the above results are relative to maximum value of 17.687852 cm and minimum value of -24.306836 cm. It is observed that the month of September 2011 has experienced maximum positive groundwater change with a value of 17.6722 cm and June 2013 is observed with maximum negative change of -24. 16828 cm. From the observation of above images, it is found that the months of September, October and November showing positive variations and April, May, June months are showing negative variations of groundwater storage.  Graph between time period and mean GWS variations of Bankura district are displayed in figure 8.

Figure 8 Groundwater storing variations in Bankura district as Equivalent thickness of water
From the graph, it is observed that the trend line of GWS variations in Bankura district is decreasing at a rate of 0.0298 cm/ month (slope of the trend line) during time period from November 2007 to January 2017. It means groundwater depleting in the region at an average rate of 0.3576 cm/year. Reasons behind this groundwater depletion might be agriculture. Because the district has Kangsbathi reservoir as major surface water source which is distant from many places of the district.
4.2 Comparison of estimated and observed Groundwater variations 
To validate results obtained from the GRACE-GLDAS groundwater variations, comparison of estimated groundwater variations with observed groundwater variations are presented in figure 9.

Figure 9 Comparison of GWS observed and GWS GRACE-GLDAS


Figure 10 Correlation between GWS observed and GWS GRACE-GLDAS
The coefficient of determination (R2) and coefficient of correlation (R) of observed groundwater variations and analysed groundwater variations are estimated as 0.6833 and 0.827 respectively. As compared to estimation of other methods the integrated approach is more suitable for searching ground water storage in plain region of the globe.
5. CONCLUSION
In this study the groundwater storing variations of Bankura district is fitted through integral approach during period November 2007 to January 2017 has been observed. From this work it is found that, the groundwater depletion rate of 0.35cm/year by using GRACE-GLDAS data sets and compared the both observed and estimated groundwater variations and found the correlation coefficient as 0.827. The approach of remote sensing method for groundwater estimations give better results as the space data is used for computation. This research results employed more accuracy to utilize ground water storage in field. This work is recommended to central ground water board authority of Bankura district, West Bengal.
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GWS obs	39387	39448	39539	39661	39753	39814	39904	40026	40118	40179	40269	40391	40483	40544	40634	40756	40848	40909	41000	41122	41214	41275	41365	41487	41579	41640	41730	41852	41944	42005	42095	42217	42309	42370	42461	42583	42675	42736	7.7607999999999997	-3.7032000000000025	-12.055199999999999	15.7608	5.7848000000000006	-2.647199999999998	-12.999200000000002	11.328799999999998	5.9768000000000008	-12.655200000000001	-16.743200000000002	-6.3911999999999978	-11.775199999999998	-18.615200000000002	-20.039200000000001	14.9208	2.2247999999999983	-3.5352000000000032	-13.407200000000003	0.14480000000000004	-10.023200000000003	-16.447200000000002	12.104799999999997	14.512799999999999	-3.1752000000000038	-12.6312	8.2247999999999983	-1.8072000000000017	-16.879200000000004	-14.639200000000002	9.0007999999999981	-9.4551999999999978	-23.463200000000001	-26.959200000000003	22.064799999999998	3.0728000000000009	-7.2231999999999985	GWS GRACE	39387	39448	39539	39661	39753	39814	39904	40026	40118	40179	40269	40391	40483	40544	40634	40756	40848	40909	41000	41122	41214	41275	41365	41487	41579	41640	41730	41852	41944	42005	42095	42217	42309	42370	42461	42583	42675	42736	9.6904000000000003	1.2706	-5.9679000000000002	14.991899999999999	6.3555000000000001	0.49940000000000001	-8.1766000000000005	-3.0966	2.4794	-2.3031799999999998	-11.1975	-5.0998000000000001	0.96260000000000001	-13.944100000000001	7.4966799999999996	15.25412	-0.23005999999999999	-13.53735	1.41598	-3.8591199999999999	-13.831439	6.8239000000000001	2.011698	-10.67671	2.5888	0.75886600000000004	-6.9723100000000002	-15.060521	4.5829089999999999	-7.7664	10.844623	6.0953799999999996	-11.74483	
Groundwater changes (cm) 



correlation	R² = 0.6833
7.7607999999999997	-3.7032000000000025	-12.055199999999999	15.7608	5.7848000000000006	-2.647199999999998	-12.999200000000002	11.328799999999998	5.9768000000000008	-12.655200000000001	-16.743200000000002	-6.3911999999999978	-11.775199999999998	-18.615200000000002	-20.039200000000001	14.9208	2.2247999999999983	-3.5352000000000032	-13.407200000000003	0.14480000000000004	-10.023200000000003	-16.447200000000002	12.104799999999997	14.512799999999999	-3.1752000000000038	-12.6312	8.2247999999999983	-1.8072000000000017	-16.879200000000004	-14.639200000000002	9.0007999999999981	-9.4551999999999978	-23.463200000000001	-26.959200000000003	22.064799999999998	3.0728000000000009	-7.2231999999999985	9.6904000000000003	1.2706	-5.9679000000000002	14.991899999999999	6.3555000000000001	0.49940000000000001	-8.1766000000000005	-3.0966	2.4794	-2.3031799999999998	-11.1975	-5.0998000000000001	0.96260000000000001	-13.944100000000001	7.4966799999999996	15.25412	-0.23005999999999999	-13.53735	1.41598	-3.8591199999999999	-13.831439	6.8239000000000001	2.011698	-10.67671	2.5888	0.75886600000000004	-6.9723100000000002	-15.060521	4.5829089999999999	-7.7664	10.844623	6.0953799999999996	-11.74483	GWS Observed

GWS estimated  


TWS	2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	8.1809399999999997	-1.1107357333333334	-5.9980019999999996	-9.0226839999999982	-14.106223333333332	-16.601093333333331	-19.917083333333334	-8.8602246666666673	15.399293333333333	26.733630000000002	25.579793333333331	16.252746666666667	5.2619609999999994	-3.2707576666666665	-7.1474533333333339	-13.259816666666666	-18.393096666666668	-21.240853333333334	-22.708056666666668	-16.806613333333335	-4.6300179999999997	11.396903333333332	15.89105	10.801546666666667	0.81213615333333333	-7.0502150000000006	-10.257864666666666	-16.378806666666666	-23.103840000000002	-24.383186666666671	-24.242230000000003	-17.71537	-4.3612186666666668	6.0223776666666664	15.11509	10.334721666666667	0.16301323333333331	-5.2507563333333334	-18.195653333333329	-22.365246666666664	-23.680053333333333	-22.084673333333331	7.070953666666667	20.781623333333332	25.234576666666669	15.308186666666666	10.014521	-5.4015176666666669	-7.0550376666666663	-11.15255	-18.787153333333332	-21.91892	-20.940709999999999	-3.1672253333333331	11.836239999999998	20.139803333333333	0.9485986666666667	-7.8418830000000002	-11.078503333333336	-16.610103333333331	-25.032970000000002	-24.476813333333336	-15.917113333333333	2.6825973333333333	18.434560000000001	9.0091040000000007	-1.8117544333333333	-4.3121960000000001	-13.221919999999999	-21.140070000000001	-22.640593333333332	-18.924239999999998	14.225026666666666	16.033656666666669	10.633073666666666	-1.145024	-15.197789999999999	-18.338203333333333	-22.07859333333333	-24.539933333333334	-23.600263333333334	3.2978913333333337	15.263703333333334	14.86463	-13.750966666666665	-18.711713333333332	-22.699156666666667	-27.140199999999997	-28.629393333333336	-19.607433333333333	0.16501086666666667	13.643320000000001	0.93497596666666671	-10.866304333333334	-20.565923333333334	SM	2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	-2.0435000000000003	-6.4035000000000029	-8.4935000000000009	-8.9435000000000002	-10.6935	-11.633500000000003	-9.8635000000000055	9.4064999999999888	16.816500000000001	14.696499999999997	13.486499999999996	3.6064999999999996	-3.2135000000000047	-7.3135000000000048	-9.6335000000000033	-11.493500000000001	-12.793500000000005	-14.113500000000005	-11.523500000000007	-9.9135000000000044	5.0864999999999956	15.5565	11.846499999999997	7.776500000000004	-1.7935000000000003	-6.1135000000000046	-8.573500000000001	-9.4635000000000051	-11.2935	-13.0435	-9.8035000000000032	0.22649999999999865	11.5565	11.706499999999988	11.146499999999998	3.9564999999999886	-2.0935000000000001	-5.3535000000000021	-7.8135000000000048	-9.3934999999999995	-11.183500000000004	-11.333500000000004	-7.0835000000000035	6.6564999999999994	13.126499999999993	15.16649999999999	11.576499999999992	3.6364999999999954	-4.4935	-8.4135000000000044	-7.7235000000000067	-8.9635000000000051	-11.263500000000004	-9.5535000000000032	-9.6635000000000044	-4.3035000000000023	11.906499999999989	13.226499999999993	13.676499999999994	4.0764999999999931	-1.9035000000000024	-5.7735000000000074	-8.2135000000000051	-9.9835000000000029	-12.033500000000004	-12.0435	-8.683500000000004	7.3064999999999998	11.266500000000002	14.586499999999996	11.326499999999992	13.616499999999991	1.9464999999999975	-3.8335000000000035	-6.6035000000000021	-8.2435000000000009	-6.263500000000005	-9.0434999999999999	-9.2635000000000041	0.81649999999999634	13.666500000000003	13.066500000000001	10.566500000000001	5.4464999999999977	-1.2635000000000047	-6.2035000000000027	-7.883499999999998	-9.9535000000000018	-11.5435	-9.8835000000000033	-8.3535000000000021	0.70649999999999979	14.976499999999993	10.366500000000002	9.2064999999999877	0.57649999999999868	-7.5834999999999981	-11.073500000000001	-12.633500000000003	-13.813500000000005	-15.023500000000007	-16.413500000000006	-16.473500000000001	-15.873500000000007	-6.7834999999999983	10.936499999999995	10.506499999999999	4.2964999999999973	-3.6435000000000004	-8.0235000000000074	-10.113500000000005	GWS	y = -0.045x - 1.1251
2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	10.22444	5.2927642666666692	2.4954980000000013	-7.9183999999997923E-2	-3.4127233333333322	-4.967593333333328	-10.053583333333329	-18.266724666666654	-1.4172066666666687	12.037130000000005	12.093293333333335	12.646246666666666	8.4754610000000046	4.0427423333333383	2.4860466666666694	-1.7663166666666648	-5.5995966666666632	-7.1273533333333283	-11.18455666666666	-6.8931133333333303	-9.7165179999999953	-4.1595966666666673	4.0445500000000028	3.0250466666666629	2.6056361533333336	-0.93671499999999597	-1.6843646666666654	-6.9153066666666607	-11.810340000000002	-11.339686666666671	-14.43873	-17.941869999999998	-15.917718666666666	-5.6841223333333213	3.9685900000000025	6.3782216666666782	2.2565132333333335	0.10274366666666879	-8.8021533333333295	-11.18174666666666	-12.346553333333329	-15.001173333333327	-6.0555463333333259	5.6151233333333419	13.658076666666677	11.67168666666667	14.508020999999999	3.0119823333333375	0.66846233333334037	-2.1890499999999946	-7.5236533333333284	-12.365419999999997	-16.637209999999996	-15.073725333333321	-1.3902599999999943	6.4633033333333394	2.8520986666666692	-2.0683829999999928	-2.8650033333333305	-6.6266033333333283	-12.989470000000003	-15.793313333333332	-23.223613333333333	-8.5839026666666687	4.8180600000000098	7.062604000000003	2.0217455666666702	2.291304000000002	-6.9584199999999941	-12.096570000000002	-13.377093333333328	-19.740739999999995	1.1585266666666652	5.4671566666666678	5.1865736666666686	0.11847600000000469	-7.3142900000000015	-8.3847033333333307	-10.535093333333331	-14.656433333333331	-15.246763333333332	-11.678608666666658	4.8972033333333318	5.6581300000000123	-2.677466666666664	-6.0782133333333288	-8.8856566666666623	-12.116699999999989	-12.155893333333335	-3.7339333333333258	6.9485108666666653	2.7068200000000058	4.5784759666666668	-2.8428043333333264	-10.452423333333329	Time Period (Monthly)

Equivalent thickness of water (cm)



TWS	2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	10.8352576	-1.23444924	-7.6262988000000007	-11.2696744	-17.820563999999997	-20.285228	-23.758024000000002	-9.7102315999999984	19.566808000000002	33.038979999999995	32.217584000000002	20.588951999999999	6.9594576000000004	-4.0503412000000001	-9.2473979999999987	-17.05302	-23.375140000000002	-26.806132000000002	-27.654447999999995	-19.755095999999998	-4.219657999999999	15.583312000000001	20.346375999999999	14.207224000000002	1.2958594879999998	-8.7505947999999982	-13.407151999999998	-20.880127999999999	-29.197767999999996	-30.417463999999999	-29.284419999999997	-19.040924	-3.1227319999999996	8.7586764000000006	19.647212	14.486403999999999	1.35718984	-5.9278024	-22.656296000000001	-27.903320000000004	-29.157492000000001	-26.540451999999998	10.180069600000001	26.148128000000003	30.819751999999998	18.91112	12.3148708	-7.5581448	-9.7678795999999988	-15.304971999999999	-24.763320000000004	-27.973811999999999	-23.840528000000003	-2.5664871999999996	14.794428	24.101532000000002	0.97944759999999986	-10.184684799999999	-14.474468000000002	-21.675563999999998	-32.376823999999999	-30.164623999999996	-18.822419999999997	3.5280928	22.209211999999997	10.191575199999999	-3.14289	-6.8401659999999991	-18.468728000000002	-28.001532000000001	-29.068875999999999	-23.538927999999999	17.327795999999999	19.840388000000001	12.8201208	-1.7789686	-19.170340000000003	-22.546271999999998	-28.670692000000003	-31.223184000000003	-29.817403999999996	4.9033563999999998	18.890304	19.398419999999998	-16.544899999999998	-22.906152000000002	-28.064552000000003	-33.531711999999999	-34.049655999999999	-21.901115999999998	1.7873377999999998	16.750124	1.3049788	-13.316761600000001	-26.205975999999996	SM	2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	2.0119000000000029	-3.9080999999999904	-7.618099999999993	-8.6780999999999953	-11.918099999999992	-13.538099999999991	-10.858099999999997	10.661900000000003	17.741900000000008	15.911900000000003	16.491900000000008	10.301900000000012	2.5619000000000027	-3.6681000000000039	-8.0280999999999949	-11.578099999999996	-14.848099999999993	-17.678099999999993	-14.348099999999999	-10.648099999999994	1.7719000000000051	18.09190000000001	13.731899999999996	9.3719000000000054	-0.15809999999999036	-5.8081000000000014	-9.7880999999999965	-12.528099999999995	-15.468099999999993	-18.618099999999991	-13.378099999999995	-2.8080999999999903	9.6318999999999964	13.221900000000005	12.701900000000013	8.9019000000000013	1.9519000000000006	-2.7980999999999994	-7.00809999999999	-10.598099999999993	-13.228099999999994	-13.278099999999995	-10.998099999999994	-0.82809999999999495	15.89190000000001	16.921900000000004	13.131899999999996	6.1019000000000005	-2.9780999999999951	-8.2280999999999942	-8.8280999999999956	-11.438099999999997	-15.268099999999993	-13.538099999999996	-14.808099999999991	-7.1080999999999905	10.231899999999996	14.041900000000009	13.401900000000001	9.4419000000000093	2.1319000000000075	-4.1780999999999953	-8.4980999999999991	-11.578099999999996	-15.208099999999996	-16.818099999999994	-9.6280999999999946	3.7619000000000029	12.391899999999998	16.291900000000009	14.381899999999996	16.071900000000007	5.0719000000000047	-2.4181000000000039	-7.1480999999999941	-10.678099999999995	-11.468099999999993	-16.008099999999995	-18.118099999999991	-5.50809999999999	14.731900000000007	13.831900000000008	12.971900000000005	7.0818999999999956	-1.2580999999999904	-7.4080999999999957	-10.748099999999994	-13.548099999999994	-16.308099999999989	-15.678099999999995	-11.778099999999995	-4.5980999999999996	16.631899999999995	14.711900000000004	14.361900000000002	5.5219000000000049	-4.5480999999999998	-9.8081000000000014	-12.738099999999998	-15.1981	-17.878099999999996	-20.60809999999999	-20.598099999999995	-19.928099999999993	-14.638099999999998	0.64190000000000969	9.3119000000000032	2.6819000000000073	-5.2780999999999949	-10.548099999999994	-13.618099999999993	GWS	y = -0.0289x - 2.5085
2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	8.8233575999999978	2.6736507599999904	-8.1988000000077221E-3	-2.5915744000000043	-5.9024640000000055	-6.7471280000000089	-12.899924000000006	-20.372131600000003	1.8249079999999935	17.127079999999992	15.725683999999994	10.287051999999987	4.3975575999999972	-0.38224119999999617	-1.2192980000000038	-5.4749200000000044	-8.5270400000000084	-9.1280320000000081	-13.306347999999996	-9.1069960000000041	-5.9915580000000039	-2.5085880000000085	6.6144760000000034	4.8353239999999964	1.4539594879999902	-2.9424947999999969	-3.6190520000000017	-8.3520280000000042	-13.729668000000004	-11.799364000000008	-15.906320000000003	-16.232824000000011	-12.754631999999996	-4.4632236000000045	6.9453119999999871	5.5845039999999972	-0.59471016000000065	-3.1297024000000007	-12.058196000000008	-14.67522000000001	-15.879392000000006	-15.542352000000005	-5.7118304000000091	9.226227999999999	17.687851999999999	12.80922	15.292970799999996	0.6699551999999942	-0.93977960000000316	-3.8668720000000025	-9.4952200000000104	-14.435712000000002	-16.732428000000013	-12.798387199999995	0.75252799999999098	10.699632000000001	-1.1524524000000076	-6.0065848000000042	-5.9763680000000026	-10.097464000000002	-15.558724000000005	-20.536524	-22.584320000000002	-8.8638071999999983	6.1373119999999908	5.1196751999999943	-0.72478999999999605	0.30793399999999505	-7.0006280000000096	-11.993432000000006	-10.950776000000008	-18.030828000000007	3.4958959999999912	6.8684879999999957	5.7382208000000041	-0.52086860000000956	-8.4222400000000093	-8.9981720000000038	-12.362592000000014	-15.545084000000008	-18.039304000000001	-11.728543599999995	4.1784039999999969	5.0365199999999959	-6.736799999999997	-10.168052000000005	-12.866452000000002	-15.653612000000003	-13.451556000000004	-1.9730160000000048	16.425437799999997	16.108223999999989	6.5830787999999947	-2.7686616000000068	-12.587876000000003	Time Period (Monthly)

Equivalent thickness of water (cm)



TWS	2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	11.022136766666668	0.30029362000000004	-5.1215464666666675	-8.5136366333333342	-14.931627333333335	-16.632088	-19.564717333333334	-8.8823724000000013	14.474328	26.615669666666665	26.636115000000004	17.768784	7.6588764999999999	-1.8869667666666672	-7.1240308333333342	-14.192544666666668	-19.563324000000005	-22.688497333333334	-23.436398333333337	-17.142711666666667	-4.0970750333333337	12.322927833333333	17.416233999999999	13.448061000000001	2.0988288566666666	-6.2222537666666673	-10.247647300000001	-16.84354466666667	-24.120187666666666	-25.406095000000004	-25.032036333333341	-17.232391000000003	-3.6733543000000002	7.2721491333333343	16.124540666666668	13.414903333333335	3.4155341000000008	-2.2678098666666671	-17.517408333333336	-22.672745333333335	-23.817676666666671	-21.739993000000005	8.1599481333333337	20.320512666666666	26.541573666666668	17.040914000000001	11.844197200000002	-4.7823999666666666	-6.8034904666666662	-11.830547666666668	-20.000808666666664	-23.102837999999998	-20.023002999999999	-2.4419417000000001	12.991216333333336	20.875635000000003	3.545319066666667	-6.2560956333333326	-10.26674	-17.199270000000002	-26.229650333333332	-25.227524666666667	-15.753488666666669	2.3861086333333335	21.890883666666667	11.371275666666666	-0.168069	-3.3908552333333337	-14.270542000000001	-22.30803666666667	-23.565146000000002	-19.513893666666668	15.249952666666669	17.865133	12.483547266666669	0.92574735000000008	-13.910613933333334	-18.218841666666666	-23.318731333333332	-26.245809333333334	-25.141346999999996	4.1868566666666673	15.885191666666667	16.224581999999998	-12.077688333333334	-17.406106666666666	-22.392901666666667	-27.153463333333338	-28.179561666666672	-17.521390333333333	1.5906991466666669	14.479025000000002	4.3376044433333343	-9.7201551333333338	-21.591390333333333	SM	2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	1.7347000000000037	-3.1553000000000053	-5.915300000000002	-6.0752999999999986	-10.675299999999998	-11.995300000000004	-9.8653000000000013	8.37469999999999	14.494699999999995	12.804700000000008	14.404699999999997	6.8547000000000082	1.9247000000000014	-3.7952999999999975	-7.1053000000000051	-10.195300000000003	-14.035300000000001	-15.945300000000003	-9.4152999999999967	-3.2152999999999965	12.194699999999994	15.444699999999994	11.394699999999995	5.9646999999999988	-2.1652999999999962	-6.115299999999996	-9.2153000000000027	-11.665300000000002	-14.675299999999998	-16.705300000000005	-7.6453000000000033	3.4047000000000081	12.154700000000009	12.354699999999998	11.394699999999995	8.12469999999999	1.4646999999999992	-1.9952999999999974	-5.2853000000000012	-8.565299999999997	-11.865300000000001	-12.285300000000001	-8.4252999999999982	5.9946999999999946	13.194699999999994	14.234700000000004	12.4147	3.7446999999999946	-4.3053000000000052	-8.7353000000000005	-6.7353000000000005	-8.4453000000000031	-12.765300000000002	-10.955299999999999	-11.4053	-5.8752999999999984	9.0546999999999969	13.484700000000004	11.984700000000004	6.7347000000000037	-0.37529999999999858	-5.3752999999999984	-8.5153000000000016	-10.735300000000001	-14.7553	-15.475299999999999	-9.1452999999999971	7.7246999999999897	12.024700000000001	14.814699999999998	12.684700000000003	14.324699999999989	3.0847000000000038	-3.1653000000000078	-6.5752999999999986	-9.4752999999999989	-11.705299999999999	-15.285300000000001	-13.845300000000003	1.7046999999999968	13.6647	12.654699999999997	10.944699999999994	6.1046999999999967	-2.0453000000000032	-7.335300000000001	-9.1553000000000058	-11.8553	-14.945300000000003	-12.285300000000001	-8.4053000000000004	1.4699999999999136E-2	14.9147	11.494699999999995	12.774700000000001	4.9046999999999965	-5.0752999999999986	-9.565299999999997	-11.765300000000002	-13.355300000000005	-15.055299999999999	-17.055299999999999	-17.1553	-15.715300000000003	-11.735300000000001	3.1046999999999967	10.244699999999995	5.2347000000000037	-1.6952999999999974	-6.9353000000000007	-10.035300000000001	GWS	y = -0.0171x - 2.0285
2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	9.287436766666664	3.4555936200000055	0.79375353333333454	-2.4383366333333356	-4.2563273333333367	-4.6367879999999957	-9.6994173333333329	-17.257072399999991	-2.0371999999994728E-2	13.810969666666658	12.231415000000007	10.914083999999992	5.7341764999999985	1.9083332333333303	-1.8730833333329144E-2	-3.9972446666666652	-5.5280240000000038	-6.743197333333331	-14.02109833333334	-13.927411666666671	-16.291775033333327	-3.1217721666666609	6.0215340000000044	7.4833610000000022	4.2641288566666624	-0.10695376666667133	-1.0323472999999979	-5.1782446666666679	-9.4448876666666681	-8.7007949999999994	-17.386736333333339	-20.637091000000012	-15.828054300000009	-5.0825508666666632	4.7298406666666732	5.2902033333333449	1.9508341000000016	-0.27250986666666965	-8.9521083333333387	-10.807445333333334	-11.53237666666667	-13.314693000000007	-5.0347518666666602	6.0858126666666621	14.126873666666668	13.296214000000006	16.149497200000006	3.952900033333334	-6.8190466666665728E-2	-3.3852476666666647	-7.2355086666666626	-12.147537999999999	-14.147703	-11.496641699999998	-0.49348366666666799	8.8909349999999989	3.9206190666666654	-0.88079563333333422	-1.7514399999999988	-6.4639700000000015	-10.754350333333333	-16.082224666666669	-23.478188666666661	-9.6385913666666667	7.566183666666678	8.2865756666666623	2.9972310000000078	3.1844447666666649	-2.5652420000000014	-7.0227366666666686	-9.7198459999999987	-21.218593666666663	2.5952526666666724	6.9204330000000063	6.3788472666666722	2.9710473500000032	-4.7553139333333281	-6.3635416666666664	-8.373431333333329	-13.960509333333333	-16.736046999999996	-10.727843333333333	4.3904916666666729	3.449881999999997	-2.5123883333333374	-5.6408066666666645	-9.0376016666666619	-12.098163333333339	-11.024261666666671	-1.80609033333333	13.325999146666668	11.374325000000006	6.0329044433333312	-2.7848551333333331	-11.556090333333332	Time Period (Monthly)

Equivalent thickness of water (cm)



TWS	2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	11.0610128	0.18603179999999997	-5.394384399999999	-8.8433871999999987	-15.604475999999998	-17.820951999999998	-21.525971999999996	-10.474278	14.591167999999998	28.201919999999998	28.111815999999997	18.424931999999998	7.5852156000000006	-2.2371575999999997	-7.4923815999999999	-14.954951999999997	-20.466511999999998	-24.003291999999998	-25.587403999999996	-19.493952000000004	-5.5335007999999997	12.140365999999998	17.952112	13.685864	2.0131807999999998	-6.6305983999999993	-10.3886284	-17.607968	-25.185059999999996	-26.730580000000003	-27.101871999999997	-20.727499999999999	-5.447743599999999	7.0540919999999998	16.738704000000002	12.770247999999997	2.6693463999999998	-2.9791023999999999	-18.523032000000001	-23.819283999999996	-25.398535999999996	-23.966111999999999	7.2436907999999995	21.188123999999998	28.570523999999999	17.924719999999997	12.279689599999999	-4.6916403999999998	-6.7502115999999992	-11.537504399999998	-20.382963999999998	-24.270248000000002	-22.637936	-3.5459200000000002	14.038796	22.80762	3.8312623999999995	-6.3096671999999998	-10.4495048	-17.567592000000001	-26.714756000000001	-27.066656000000002	-17.566735999999999	2.3379824000000005	23.834308	12.920466799999998	0.41798383599999994	-2.3583489599999998	-13.458964	-22.193163999999999	-24.20054	-20.809708000000001	16.772184000000003	19.555523999999998	13.789643599999998	1.2456931200000001	-14.9446604	-19.396252	-23.795188	-27.321755999999997	-26.290451999999998	3.8370400000000005	17.079000000000001	16.639776000000001	-13.416093200000001	-18.811040000000002	-23.971411999999997	-28.982431999999999	-30.899512000000001	-20.748267999999999	0.43397348000000008	15.344964000000001	4.5222664000000004	-10.810924	-22.440819999999995	SM	2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	-0.76990000000000125	-6.2698999999999954	-9.1098999999999997	-8.3699000000000012	-10.999899999999997	-11.269900000000002	-8.9199000000000019	10.620099999999997	16.18010000000001	13.960100000000006	14.700100000000003	4.3700999999999963	-2.0699000000000014	-7.3598999999999988	-10.6899	-13.0899	-14.629900000000003	-15.549899999999997	-9.3598999999999997	-5.7998999999999965	10.090100000000001	15.430099999999999	11.500099999999993	8.5300999999999991	-1.2598999999999989	-5.9998999999999967	-9.5799000000000039	-11.619900000000001	-13.4899	-14.7399	-9.5798999999999985	2.0700999999999965	12.1401	13.170099999999996	12.020099999999996	6.1500999999999921	0.14010000000000106	-3.6699000000000011	-7.2998999999999965	-9.9798999999999971	-11.679899999999998	-12.149899999999997	-6.7299000000000033	10.420099999999996	13.030099999999999	14.500100000000003	13.720099999999997	5.0101000000000058	-2.909899999999999	-7.8298999999999976	-6.8498999999999963	-8.9299000000000035	-11.8599	-10.1899	-10.149899999999997	-5.0298999999999978	11.510100000000005	14.360100000000006	12.460100000000006	4.6301000000000103	-0.16990000000000122	-5.399899999999997	-8.9299000000000035	-11.129899999999997	-13.539899999999999	-13.299899999999997	-8.199899999999996	6.7401000000000009	11.920099999999996	15.340100000000001	12.53010000000001	14.810100000000006	3.2100999999999944	-3.5398999999999945	-7.5098999999999991	-10.219900000000001	-9.9598999999999993	-12.3399	-10.999899999999997	0.93010000000001014	13.730100000000011	14.810100000000006	12.810100000000006	6.3200999999999965	-1.5898999999999943	-7.4098999999999986	-10.119900000000001	-12.269900000000002	-13.7399	-11.899899999999997	-9.8199000000000005	-1.809899999999999	13.530099999999999	11.58010000000001	11.000099999999993	2.5501000000000031	-6.7199000000000009	-11.049900000000003	-13.229899999999997	-14.469899999999996	-14.8599	-15.869900000000001	-15.379899999999997	-14.679899999999998	-7.5699000000000014	8.8801000000000094	10.430099999999999	5.5500999999999916	-2.309899999999999	-7.8698999999999959	-11.119900000000001	GWS	y = -0.0317x - 1.7015
2007-11	2007-12	2008-01	2008-02	2008-03	2008-04	2008-05	2008-06	2008-07	2008-08	2008-09	2008-10	2008-11	2008-12	2009-01	2009-02	2009-03	2009-04	2009-05	2009-06	2009-07	2009-08	2009-09	2009-10	2009-11	2009-12	2010-01	2010-02	2010-03	2010-04	2010-05	2010-06	2010-07	2010-08	2010-09	2010-10	2010-11	2010-12	2011-01	2011-02	2011-03	2011-04	2011-05	2011-06	2011-07	2011-08	2011-09	2011-10	2011-11	2011-12	2012-01	2012-02	2012-03	2012-04	2012-05	2012-06	2012-07	2012-08	2012-09	2012-10	2012-11	2012-12	2013-01	2013-02	2013-03	2013-04	2013-05	2013-06	2013-07	2013-08	2013-09	2013-10	2013-11	2013-12	2014-01	2014-02	2014-03	2014-04	2014-05	2014-06	2014-07	2014-08	2014-09	2014-10	2014-11	2014-12	2015-01	2015-02	2015-03	2015-04	2015-05	2015-06	2015-07	2015-08	2015-09	2015-10	2015-11	2015-12	2016-01	2016-02	2016-03	2016-04	2016-05	2016-06	2016-07	2016-08	2016-09	2016-10	2016-11	2016-12	2017-01	11.830912800000002	6.4559317999999957	3.7155156000000007	-0.47348719999999744	-4.6045760000000016	-6.5510519999999968	-12.606071999999994	-21.094377999999999	-1.5889320000000122	14.241819999999992	13.411715999999995	14.054832000000001	9.655115600000002	5.122742399999999	3.1975183999999999	-1.8650519999999968	-5.8366119999999952	-8.4533920000000009	-16.227503999999996	-13.694052000000006	-15.623600800000002	-3.289734000000001	6.452012000000007	5.1557640000000013	3.2730807999999989	-0.63069840000000266	-0.80872839999999613	-5.9880679999999984	-11.695159999999996	-11.990680000000003	-17.521971999999998	-22.797599999999996	-17.587843599999999	-6.1160079999999963	4.7186040000000062	6.6201480000000048	2.5292463999999986	0.69079760000000112	-8.5431320000000035	-12.139383999999998	-13.248635999999999	-17.236211999999995	-5.7864091999999996	6.6880239999999951	14.850424000000002	12.914619999999992	15.189589599999998	3.1382595999999978	9.9688399999997124E-2	-2.6076043999999943	-8.523063999999998	-14.080348000000003	-17.608036000000002	-15.056020000000006	-0.3213040000000067	10.347519999999994	4.001162400000001	-0.90976720000000277	-1.5196047999999962	-6.4376920000000037	-13.414856000000004	-18.866756000000006	-24.306836000000001	-9.5821175999999966	9.0242079999999945	9.7103668000000027	3.9578838359999944	5.1515510399999993	-3.4990640000000006	-9.8532639999999994	-13.200640000000003	-21.739808000000011	1.9620839999999973	6.7454239999999928	7.4695436000000015	2.8355931199999942	-4.8247603999999988	-7.1263519999999989	-10.055287999999999	-15.421856	-16.470551999999998	-9.6930599999999991	5.4988999999999901	5.6396760000000086	-2.3661931999999979	-5.5811400000000049	-9.5015120000000017	-14.122532	-15.519612000000004	-6.0683680000000013	8.0038734800000011	6.4648639999999915	6.8321663999999993	-2.9410240000000041	-11.320919999999994	Time Period (Month)

Equivalent thickness of water (cm)
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