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This study traces the benchmarks of the national orthometric height networks, determined by the measurement division of the British Mandate in Israel along the Israeli Mediterranean coastline. The aim is to recreate the mean sea level (MSL) according to which the height of these benchmarks were determined. The importance of sea level research, among other reasons, stems from the fact that this level is the result of regional climate changes and thus any change in the MSL may act as an indicator of climate changes (Woodworth et al., 2009). The MSL is measured in relation to the land alongside it. In this manner, the MSL measurement may fluctuate following changes in the landmass by the sea or as a result of changes to sea volume (Lambeck and & Purcell, 2005). Previous studies found that the landmass nearby the Mediterranean in Israel has been relatively stable tectonically in the vertical axis for at least the past 22,000 years (Gvirtzmann et al., 2008, Schattner et al., 2010); thus the shift in the MSL measured on the Levant beaches in Israel over a long period of years points to changes in the water volume in the Levant basin (Toker et al., 2012). Changes in sea water volume may stem from changes in quantity of sediment, in stream output, and in sea water temperature changes. These changes are the result of climate changes, and therefore tracking changes to the MSL on the Israeli coast serves as the basis for a study of local, regional and global climate changes; in this context, it is critical to determine the level of precision of the historical measures to determine the orthometric 0 (Woodworth et al., 2009).	Comment by Author: See if you this translation is accurate. Elsewhere, we have sometimes used ‘elevation’ in place of ‘height’	Comment by Author: See if this reflects your intended meaning
OR
Has had relative vertical tectonic stability	Comment by Author: Please verify the minor revision to the spelling of this author’s surname.	Comment by Author: See if this is the preferred term
Historic registration of the long-term consecutive sea levels was first researched by Gilboa and Goldsmith from Israel Oceanographic and Limnological Research who first defined the daily, monthly and annual behavior of the level changes on the Israeli Mediterranean coast (Goldsmith and & Gilboa, 1986). Boris Shirman’s research in the research department at Survey of Israel located the multi-year behavior of sea level changes (Shirman, 2004). The two studies are based on the continual measures in Israel which were initiated during the second half of the 1950s (1956, 1958 respectively). Additional studies addressed the changes of sea level in Israel and further compared it with sea level changes regionally and globally, based on the digital data gathered by the Oceanographic and Limnological Research and by Survey of Israel beginning in 1996, along the Israeli coastline (Beenstock et al., 2015; Klein & Lichter, 2009; Klein et al., 2004; Klein and Lichter, 2009; Benstock et al., 2015; Rosen, 2004). These studies in Israel, which examined the changes in MSL from the initiation of measurement, did not address the benchmark determination of the continental heights network or the chronological aspect of this from its beginnings through to the present day along the southeastern coast of the Mediterranean, between Rosh HaNikra and Rafiah.	Comment by Author: Please verify this spelling revision to the author’s name.	Comment by Author: In APA style (the preferred style of the target journal), groups of citations should be listed in the same order in which they appear in the reference list. Thus, a minor amendment was made to the order of this list.	Comment by Author: Please verify whether this should read instead “Rozen, 2004” or “Rosen, 2002” (based on the details of the reference list).
MSL measurements were first taken in the region during the British Mandate period, as part of the national orthometric height network measurements carried out by the British in the 1920s and 1930s. These networks were spread out using two different methods: 1) In the 1920s a triangulation network was established between Beer Sheva and the Galilee, using measurements based on an instrument called a theodolite, which measured the angle between one elevation point and another, calculating the heights using trigonometric methodology. The precision of the measurement is appraised in centimeters over a few kilometers, and over a meter in national measurements. 2) In the 1930s, a network of precision balance loops was spread out between Beer Sheva and the Golan Heights. These measurements were based on an instrument called a balancer, in which the height calculations were carried out using a geometric method. Furthermore, this method made it possible to check the precision level of the measurements to the millimeter, over a range of kilometers (Gavish, 2005).	Comment by Author: We could not find another term for this. Please advise if you have a preferred term
The MSL is measured in relation to the stable landmass baseline nearby. Within the measurement process, there occurs a mean height measurement of the landmass baseline based on the changing height of the sea. In effect, calculation of the average landmass height baseline from sea level reveals the MSL. The coastal baseline whose mean height is determined relative to the changing MSL is, in fact, the landmass baseline of reference for tide measurement and is therefore referred to as the Tide Gauge Benchmark (TGBM). This baseline is then linked with a network of national coastal height baselines, thus anchoring the height baselines to the MSL. Despite the fact that the meeting point between the TGBM and the national height network is not zero, it is the zero point for the coastal height network; in other words, it is the starting baseline for the orthometric height network. This baseline thus functions, in effect, as the anchor for the national height network, and is also referred to as the continental datum baseline or the zero for the national orthometric height network (Shirman, 2001).	Comment by Author: Correct?
The initial measurement for determining the MSL was taken in Gaza and served to establish the relative zero for maps during the British Mandate period. Thus in Mandate maps, notations exist showing the heights determined according to the Gaza zero (Gazit, 2005; Horovitz, 2012). However, until the present study, the measurement data and the measurement confirmation relative to other area measurements have not been published.	Comment by Author: This citation has not been included in the reference list. Please verify and amend accordingly.
The present study intends to track the baselines of the national orthometric networks measured and determined by the measurement division of the British Mandate government in Israel - once in 1922 and a second time in 1934 – and from this to recreate the MSL according to which the heights were determined. In order to do so, the study will seek to examine the baseline of the triangulation network from 1922 in Gaza as well as that of the precision stability network from 1934 as established in Israel. The aim, furthermore, is to compare the historical baselines, from Gaza in 1922 and from Haifa in 1934, to the present -day national orthometric baseline. All of the above is undertaken with the understanding that continental baselines refer to the MSL measured nearby temporally and spatially and that the baseline to which they refer is, in effect, the MSL measured during this period. As a result, it emerges that by comparing the level of the historic, landmass baselines (which referred, of course, to the historic MSL) and the current height (which refers to the present day MSL), it will provide an examination of the historic MSL from 1921 and 1934 along the Israeli Mediterranean coast and changes during those years. The study focuses on goals from two fields: 1) in the historical field, to expose the baseline of the national orthometric height networks from the British Mandate period and through to the present day. 2) In the environmental field, to recreate the MSL of those years in which the national height networks were measured in relation to the sea.
In order to re-measure the historic height points, the study examined the following questions:
Where and how was the MSL in Gaza determined in 1921-1922? What was the degree of precision of the measurements, and how was the national height network measured in relation to it? What were the later baselines that were measured during the British Mandate, and how and where were they measured in the 1930s?
In addition, the current national height network measurement was examined in relation to the British datum, and the relevance of the historic baseline was questioned, as was the historic MSL relative to current measurements by the State of Israel.

Historic background to land elevation research in Israel
The mapping of the Holy Land started off as religious cartography, which sketched routes through places that had been identified in religious writings. The first time that consideration was given to elevation and relief in the Land’s cartography came at the time of mapping carried out by Colonel Pierre Jacotin, commander of the Geographical Engineers Unit responsible for the geographical survey and mapping of the Nile Valley in Libya. In 1799, at the time of Napoleon’s conquest of Egypt and Southern Syria (the Land of Israel), Israel too was mapped. The conquest and withdrawal of the French army from Israel were swift, and most of the measurements were made by soldiers from the artillery rather than by experienced surveyors. Notwithstanding, the maps were based upon field measurements and were relatively precise in their sketching of the coastline and the Galilee (Goren, 2002). The Jacotin maps were the first to be based on crude triangulation, where the source point was the Great Pyramid at Giza (Gavish, 2005).	Comment by Author: Does it work to use ‘Israel’ here? Consider ‘the Land of Israel’
In the mid-19th century, mapping was carried out in Israel by the Royal Engineers, as well as by the British Admiralty, particularly along the Mediterranean coastline, as part of the European aid to the Ottoman regime in their renewed conquest of the country from the hands of Egyptian forces led by Muhammad Ali and his son, Ibrahim Pasha. This assistance included geographical surveys meant to help the artillery with their targets; while undertaking this, they sharpened and improved height measurement methods in maps of the country (Gavish, 2005). 
At the end of the 1830s, the level of the Dead Sea was a source of interest to height studies in the country (Goren, 2002). Emphasis was therefore placed on measuring height around the country, and the precision quality of the methods subsequently improved. In 1841, in addition to the army cartography along the country’s coastline, a delegation of Royal Engineers, headed by Lieutenant John Frederick Anthony Symonds, measured a triangulation network between Acre and the Sea of Galilee, by way of the city of Safed, as well as a second network from Jaffa to the Dead Sea via Jerusalem, in an attempt to determine the heights of the Dead Sea and the Sea of Galilee in relation to the Mediterranean. The precision level of the trigonometric height measure was sufficient for mapping; however, it depended on straight and leveled foundation lines. Symonds received a medal in 1842. He received criticism, however, for the heights recorded at the Sea of Galilee, leading to doubts regarding the precision of his measurements (Goren, 2011).
A further survey was carried out by the British Admiralty, including the coastlines of Southern Syria and Israel during 1861-1864, under the orders of Commander Arthur L. Mansell. Following the survey, anchoring maps of harbors along the Israeli coastline were published (Goren, 2011).  The maps marked water depths in relation to the baselines established on each beach, though this was a local baseline determined individually for each beach.
A local leveling network was measured for the first time in Israel, in Jerusalem, as a basis for hydraulic foundational works; this was carried out in 1865 by Captain Charles W. Wilson (Gavish, 2005). Later, leveling was carried out from Jerusalem in the directions of the Dead Sea and Jaffa, respectively (Wilson, 1886). Documentation of Wilson’s measurements are considered precise and served as the basis for later measures (Conder and & Kitchener, 1881).	Comment by Author: This citation has not been included in the reference list. Please verify and amend accordingly.
The Palestine Exploration Fund (PEF) concentrated financial and human efforts on archeological and geographic studies of the Holy Land (from the Dan region to Beer Sheva). In 1881, along with research volumes that resulted from the Fund’s research, twenty-six volumes of maps were also published, which had been produced employing the triangulation network spread across the country from the Dan region to Beer Sheva. Due to their precision, these maps served as a basis for mapping the country for all the in-country researchers and War Ministries for the various armies in the region, up through World War I (Gavish, 2005).
In order to further increase the precision of the PEF’s maps, the height of their triangulation points was measured using a variety of methods: 1) Leveling: Relying on previous measures from the Mediterranean to the inner country, as in the case of Wilson in 1865 who had measured from the Mediterranean to the Dead Sea. Barometers were used to check historical benchmarks (BM) measured prior to the PEF measures, which were considered precise by Conder and Kitchener. 2) Trigonometric (triangulation) measures: Following the confirmation of the historic BMs, triangulation points were again measured in relation to them using a theodolite, with a precision level of 5 cm. By the sea, height was measured directly from the surface. 3) Measures using a mercury barometer: The elevation of the site where the measuring team’s camp was located, near the triangulation points, also served as a reference point for measuring triangulation points, and was measured daily by mercury barometer. 4) Measure by Enaroid barometer, a pressure measurement instrument based on gas rather than liquid and used for measuring outstanding trig points in the field (Conder and & Kitchener, 1881). There is particular mention of the elevation point determined in Caesarea through direct measurement from the sea; however, in our research in the field we did not encounter any signs of elevation points from the PEF triangulation network (Conder and & Kitchener, 1881).
During World War I, in 1916, air photography entered the field of mapping in the country. An attempt was made to highlight the physical features of the land and the elevation discrepancies noted in stereoscopic examinations of the photographs, using topographic form lines at the edges of cities and in mountainous regions of the land. However, no new height measures were carried out in the field (Gavish and Biger, 1981). In April 1920, with the start of the British Mandate in the country, a government measures division was established whose initial purpose was to create a cadastral survey that would lead to an updated mapping of the country for land taxation purposes (Ley, 1921).
It emerges, from all of the above, that the MSL and baseline measurements according to which the heights were measured, were carried out by specific, incidental observations up until the end of World War I. It was only during the British Mandate (1921–1948) that they began to carry out continual MSL measurements in relation to the land, and from these the monthly/annual mean was calculated, which was then used to determine the MSL in order to determine relativity points for elevation on land. The MSL was the foundation for orthometric height networks during the British Mandate in Israel; between 1921–1948, elevations for British maps were determined based on these measures.

Research methods
The research is based on a range of materials from the original body of sources: 1) annual summary booklets, 2) papers and reports, 3) correspondence, 4) maps. All of the above can be found in the archives of the Survey of Israel (National Mapping Agency). Further, re-measurement was carried out for height points in the field using satellite measurement from the RTK-GPS instrument in open areas near Gaza, and measures of urban height points using leveling in Haifa and Jaffa.
 Research stages
The initial stage of the research focused on examining the MSL measurements carried out in Gaza in 1921–1922, in order to determine the baseline and its link to the national triangulation network. The second stage addressed the nature of determining the baseline of the precision balance loop measurement system in Israel from 1934, using the MSL measurements carried out in Haifa and Jaffa between 1928–1930. The third stage links the historical measurements with the baseline from the State of Israel’s leveling network today. Finally, the research compared the historical land elevation points with their measures today, in order to analyze the changes in the historical MSL and the current ones (Figure 1).
· Figure 1:	Comment by Author: Before submission, and for compliance with the author guidelines, please ensure the figures (and tables, if applicable) are placed next to the relevant text in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should be placed directly below the figure or table. 

Recreating the baseline for the national triangulation network, 1922
A triangulation network was established prior to the cadastral mapping carried out by the British in Israel. In order to anchor the land height network to the sea, a measure of the MSL in Gaza was performed. The choice of Gaza for sea level measurement was based on the fact the that a military triangulation network had been measured in the south of the country during the First World War and therefore the British Mandate’s measurement division decided to begin mapping from the south to the north and to rely on the existing army triangulation (Ley, 1921). The southern reference point for measuring the triangulation network is determined at Imera, which is located today by Kibbutz Urim. The Gaza coastline is the closest to the benchmark measured. The first assignment for the national height network measurers involved linking the first triangulation point, 1M, to the MSL height, thus connecting the national baseline to the triangulation network (Ley, 1922).
MSL measurement method in Gaza and installation of the 1P height point
Scale marks were made on a concrete post in the water In the center of the Gaza Bay, and a level was placed facing it, on the beach. Thus, between the 14th of December, 1921 and the 8th of January, 1922, the height of the post was measured in relation to the changing MSL, using the level. In other words, variability in the height of the post during the course of the day occurred following increases and decreases in the MSL, and pointed to changes in the MSL. The measurements were carried out throughout the day, at five different times (for minimum and maximum values of the waves), and for each measurement there were five revisions. On the basis of these measurements, calculations were made for the daily mean; later, from each day of measurements, the average height of the post in relation to the changing surface was calculated. In this manner, the MSL in Gaza was, in effect, measured, and the height of the concrete post above the MSL was: 1.4230 meters (Figure 2) (Vilensky, 1922).	Comment by Author: Please see if this what you meant, or perhaps ‘five replications’
Otherwise, please clarify

· Figure 2

The offshore concrete post was the reference point for the sea level: TGBM. Now there was a need to determine the beach point and to measure its height relative to the mean at sea, in other words, to determine the baseline for the orthometric height network on land. The level stood on the land close to the sea at a height of 1.3105 meters in relation to the MSL measured. In a straight line continuing from the concrete post and the level on the beach, another post was placed. The base of this post is the land elevation point, the datum to which the national triangulation network was linked. In other words, it was the Gaza baseline, and its height was measured in relation to the MSL (Figure 2). At the bottom of the post, the first point was marked: Point 1. It was thus known as 1P. Measurement of the MSL was performed twice: first between December 1921 and January 1922, and a second time between April and May, 1922. The latter measurements were discarded by the British survey division.	Comment by Author: Or P1?

In Figure 2 we see that the level height point has been noted on the post, and the ground level was measured from this on the descent at 0.8683 (including optical correction of 0.049 meters). Thus the Gaza baseline (1P) was measured as follows:

BM height	= Optic correction  -   Height of the level on the land post   -   Height of the beach level	
					relative to the ground			relative to the MSL

0.3932 m	= 0.049 m -		0.8683 m		-		1.3105 m

Measurement of the MSL is described in the annual summary paper from the survey division in 1922: “A rough MSL was determined at GAZA in December by small leveling party and leveling between the shore mark and one of Imera Base Terminals is in progress” (Lay, 1922).	Comment by Author: For consistency with other instances throughout the manuscript, please verify whether this word can be written in sentence case (as opposed to all capital letters).	Comment by Author: Please verify the correct spelling of this author’s name in each in-text citation and in the reference list (Ley or Lay).
The word “rough” referring to the MSL measurements at Gaza are interesting to note. Did they see the measurement as crude, or perhaps not precise enough? Or, perhaps the comment regarding the measurement refers to its being an initial one. Given that the measurement was carried out in Gaza for less than a month, and this sort of measure requires long- term performance, it could be that the intention of the comment was that the measure was indeed rough, or crude, and not terribly precise. Notwithstanding the fact that the measure included the MSL variability due to tides in the daily and monthly cycles, it did not represent the annual cycle of the MSL which stems from temperature changes in the Israeli coastal waters (Lay, 1922). 

Locating the historic height points between Gaza and Imera and re-measuring them
British measurements from the 1P height point to the 1M point were performed using leveling in a linear manner, through nine interim points determined along the route. The movement from one point to the next is described in sketches in the measurers’ notebooks. Each step was sketched and noted in the field by two measurers and were later calculated twice back in the office, in order to ensure the precision of the calculations.
In order to ensure the precision of the measurements, a level was purchased from Watt & Sons, of 80 cm length (Meshulam & Horovitz, 2009) (Figure 3), and the level of its precision was to the micrometer. However, the magnification abilities of the instruments were not sufficient for the level of precision required for the job: “The 8 inch and 5 inch Micrometer Instruments received from Messrs. Watts & Sons have proved good accurate instruments, but the telescopic power is hardly sufficient for the work” (Lay, 1922).

· Figure 3

The physical features in the area between Gaza and Imera passed mostly through sandy, desert territory where the heights could not be marked on rocks or walls along the way; thus pipes and iron posts were placed in the ground with the help of concrete, as is common when marking height points (Lay, 1922). According to the notebook sketches from the British measurers, the leveling route was recreated between Gaza and Imera. Figure 4 denotes the recreation of the physical features as mentioned in the article.
· Figure 4
Recreation of the leveling points was sketched on the map of Gaza from 1934, and adjusted for historical points and to the current map (Figure 5). Most of the points are located in the Gaza Strip today and thus the research focused on an attempt to located the points closes to the Imera line and the 1M point, located near Kibbutz Urim in Israel (Figure 5). Of the following three points – I54, I55 and I24 – we located I55.
· Figure 5
At this point a metal pipe was located buried in the ground, with a concretized head from old, crumbling concrete, with signs of the screw inserted in it still notable (Figure 6). Measurement of the head of the post using RTK-GPS in July 2005 showed a height close to the British measure, though 1.6 cm lower, with the precision level of the instrument in the area the measurement was carried out being ±5 cm. It appears from this that the discrepancy between the baseline and the Gaza baseline determined for the State of Israel is extremely small. The MSL according to which the British baseline was determined in Gaza in 1922 and the one according to which the State of Israel baseline was determined are very similar. The Gaza MSL, according to this data was higher than the level according to which the State’s orthometric baseline was measured by 1.6 cm.

· Figure 6

Despite the fact that the height measurement and the MSL measurement were described as rough, the British survey division used the Gaza baseline as the basis for height mapping on all the maps. Therefore, the topographic and urban maps published during the British Mandate (1921–1948) denote the Gaza baseline as the basis for measuring heights on them. It is likely that despite the fact that the MSL measurements in Gaza was considered rough and imprecise, they became the baseline for all heights on all British maps, given that the heights on British maps were based on the trigonometric survey (triangulation network), and that the entire trigonometric mapping was based on the Gaza measurements (conversation with Dr. Steinberg, Chief Scientist, Survey of Israel, 2003–2009).

Baseline for the National Leveling Network, 1934
Long-term MSL measures in Jaffa and Haifa were originally carried out as the basis for the port infrastructure, which the British planned in those cities. However, in 1934 the MSL measured for the port infrastructure was also used to establish the national leveling network.

MSL measures in the Jaffa and Haifa ports 1929-1930
MSL measurement was common in the ports, although these measures were not continuous or long-term, nor were they properly documented (Haervey, 1927). In December of 1927 an analog measurement instrument was installed in the Turkish port of Jaffa, prior to the British port being constructed (Figure 7).	Comment by Author: Please verify this spelling revision, based on the details of the reference list.
· Figure 7
Calibration of the analog instrument in Jaffa was carried out in relation to the instrument which preceded it (Fousvig, 1929). Both instruments functioned simultaneously at the beginning of 1928 and their measures registered on a single page containing values for both January and February. Following this, the analog instrument continued to document the measurements through 1928-1929 (Figure 8) (Drin, 1929).
· Figure 8
In 1928, direct-reading tidal gauges were installed in both Haifa and Jaffa, known as medimaremeters. In both ports, the readings were carried out by someone twice daily at 7:30 a.m. and then at 1:30 p.m. (Lay, 1929). In order to avoid background noises in the MSL measures, great efforts were made to anchor the instrument, in order to prevent movement which would lead to imprecision in the measurements. In order to filter the effect of the wind on the measure, the bottom edge of the instrument was always open to the sea water. The base of the post was filled with stones for stability and for further filtering (Figure 9) (Jhuiler, 1928).

· Figure 9
Graphs of the MSL in Haifa and Jaffa (Figure 10) (Lay, 1930) display an MSL approximately half a meter (0.47 meters) higher than the baseline they refer to, which appears to be the Gaza baseline. From this data the question arises whether the MSL measures in Haifa and Jaffa portray a drastic rise of about half a meter between 1929–30 in relation to the average measured in Gaza in 1922.

· Figure 10
In an attempt to answer this question, we will return to the measurement graph from the analog instrument (Figure 8). It is obvious that the MSL is around 1.00 in relation to the permanent baseline. The analog instrument functioned in Jaffa during 1928–1929, and the medimaremeter in Jaffa and Haifa in 1929–1930. The instruments overlapped during 1929. Still, a discrepancy exists between the two instruments of half a meter in the MSL.
In the document that includes explanations on the installation of the analog tide gauge in 1927 in relation to the previous one, it states that the reference point was determined arbitrarily during calibration in relation to prior instruments. The instrument’s new baseline was purposely set at 1 meter, apparently in order to allow for easy differentiation between its measurements and those of its predecessor.
It is logical to assume that the people carrying out the measurements employed this method in order to differentiate the measures of the medimaremeter installed in 1928 in the Haifa and Jaffa ports. Given that the 0 was already “taken” in Jaffa by the old tidal gauge, and the 1 by the analog tidal gauge, apparently they calibrated the medimaremeter at 0.5 meters, in both Jaffa and Haifa, thus distinguishing the measures from the previous ones (a method used today as well, according to Yossi Meltzer, Head of the Research and Measures Department at Survey of Israel). It thus emerges that the discrepancy in the MSLs found on the measurement tape reflects the calibration among instruments and apparently does not point to a drastic change in the MSL.
In a 1930 booklet, the explanation is given that, due to the similarity between the measures in Haifa and Jaffa, the decision was taken to cease measures in Haifa, where maintenance of the level documentation had run into unspecified problems, which led to the end of measurement in Haifa (Gavish, 2005). Regarding the installation of the instruments in 1928, a note is made that in Jaffa a specific person was assigned to the measurement task, as opposed to Haifa, where the customs workers were responsible for measuring (Horovitz, 2012). It is likely that because in Haifa there was no one person assigned to the task, difficulties arose in the documentation. Measurement in Jaffa ended in 1931 following a sea storm in the port which destroyed the instruments and led to the end of measuring (Lay, 1931). Apparently, the MSL measures which were taken in Haifa and Jaffa during the two-year period were sufficient to determine the MSL needed for the construction of the Jaffa and Haifa ports at the beginning of the 1930s.
In 1933, a letter was sent by the engineer responsible for the public works department of Haifa’s port, to the British Mandate’s survey division, in which he asked whether a discrepancy had been noted between the MSL in Haifa and those measured in Gaza. The response received indicated that they were unaware of any discrepancies between the two cities. Given this, it emerges that the long-term MSL measures in Haifa found the “rough” measures from Gaza in 1922 reliable.

Determining the baseline for the British national leveling network, 1934
The British sought to increase the precision level of the land height measures for the purpose of hydrological infrastructures in the country, and the choice was made to use a precision loop method rather than a linear one. The first loop measured was between Jaffa, Haifa and Tul-Karm, during the course of which the first reference points in the country were installed. The leveling began in May of 1934, and the reference points were denoted with an F (Fundamental). The three initial points installed by the British were: Jaffa -1F, Tul-Karm – 2F, and Haifa – 3F (Salomon, 1934). Calculation of the first loop measurements in the British Mandate measurement division in Israel was completed in 1936 (Fousvig, 1936). By the end of the Mandate, 25 reference points were installed and measured in Israel throughout the country (Mitchell, 1948) (Figure 11).
· Figure 11
As mentioned above, the MSL measures in Jaffa and Haifa were originally carried out as the basis for port infrastructures which the British planned in those cities. However, in 1934 the MSL measures were used as the basis for a national leveling network. The initial benchmark from which they began to measure the stability loops in Israel was determined in Haifa and this may have been based on the confirmation received at the survey division from Haifa in 1933, according to which the heights in Haifa were found to correspond to those in Gaza. The land point known as 3Fa was measured in relation to the Haifa MSL between 1929-1930, and its placement was located in the lower Templar neighborhood on Ben-Gurion Street (HaCarmel, 1943) (Figure 12). The height for point 3F was 5.259 m (Shapiro, 1943).	Comment by Author: This reference has not been included in the reference list. Please verify and amend accordingly.
Figure 12

The stability loop process continued from Haifa to Tul-Karm, where point 2F was installed and from there the land measurement continued to Jaffa to 1Fa, located on Jerusalem Boulevard (King George 1934). Over the years, this point was destroyed, however the final measure in Jaffa was at point 1Fa, inscribed to this day as BM on the Post Office building at 12 Jerusalem Boulevard (Figure 13) (Jeussivail, 1934).	Comment by Author: Please verify this citation, which has not been included among the reference list.
Figure 13
The final stretch of the initial loop was between point 1FA on the wall of the Post Office and the Jaffa port, to the TGBM point determined by the medimaremeter MSL for Jaffa between 1929 and 1931. The discrepancy in height of the MSL and the height measured on the loop was 12.5 cm (Marine Survey, 1936). The precision of the measurement was apparently sufficient, and it was decided that there was no need to confirm the measure on land. In other words, the MSL served as well as a level to close the first leveling loop measured in the country, and the anchoring for the national network relied on two datum points in Haifa and Tel Aviv. Further, the 1F point in Jaffa was determined in relation to the land measurements, while the height of the Haifa 3F point was measured in accordance with the MSL nearby. Thus, the connection between the national leveling network and the MSL was determined in 1934 in Haifa, while the baseline for the national orthometric heights network moved from Gaza (1922) to Haifa (1934) and this became the baseline for the national orthometric network from then on. Despite this, the heights on British maps that were reprinted were measured in relation to the Gaza baseline through the end of the Mandate (1948).	Comment by Author: Please verify the details of this citation and ensure it corresponds to a reference among the list at the end.
Mandate maps of Jaffa from 1935 onward included a red stamp, which sought to raise all heights appearing on the map by 40 cm (Figure 14). In other words, following the leveling measurement from Haifa to Jaffa, attention was brought to the fact that the heights according to which the maps had been drafted were lower than those points by 40 cm. The heights on the Jaffa maps, as with the heights on all British Mandate maps, had been determined in accordance with the national triangulation network, which was first set up in the 1920s and for which the baseline had been measured in Gaza. Thus, the significance of raising the heights may have stemmed from a change in sea level. However, given that no such change was noted in Haifa, the assumption could be made that the stamp does not refer to a level change but rather to a correction of measurement error using the leveling in 1934 from Haifa to Jaffa; no proof either way was discovered in the archives. It was therefore decided to continue printing the maps with the erroneous heights, but to add the stamp as a local correction. We found that on new urban maps which were surveyed and published after 1935 in Jaffa, the heights had been corrected.

· Figure 14

Locating the height points on the national leveling network of the 1930s and their measures
In 1938, the 14F reference point was measured in the Carmel center as part of the leveling network being established country-wide. The height of this point was measured from the baseline itself (3F), in the lower German Colony in Haifa and the description of the measurement, including maps, was located in the calculation archives of the Survey of Israel (Figure 15).	Comment by Author: Clarify. Is it ‘Haifa’s central Carmel neighbordhood’?
· Figure 15

In this way it was possible to identify where point 3F was located as well as all the height points measured on the way to reference point 14F. We managed to locate two of the points measured in the field – 8, 182H – as well as their historic height values from 1938 (Figure 16).

Figure 16
In addition to this, in a comparison of heights on the map upon which the Haifa BM was noted from 1938 (Wilson, 1938), and those measured anew in the leveling, at high levels of precision by Survey of Israel, it emerged that the heights of those points today are higher by an average of 4.5 cm (Table 1). From this, we deduced that the MSL in Haifa in 1929–1930, according to which the baseline for the national orthometric height was set, was lower by 4.5 cm than the MSL against which the baseline of national orthometric network of Israel was determined (Table 1).	Comment by Author: This reference has not been included in the reference list. Please verify and amend accordingly.
Re-measurement of the 1FA point at 12 Jerusalem Boulevard in Jaffa (Figure 17), carried out on May 15, 2017, found that the point height was 5.238 meters. According to the land measurement from 1936, the height point was 5.337 meters. The discrepancy was thus 9.9 cm. According to this measure the MSL in 1936 was higher by 9.9 cm. It must be recalled, however, that this point was compared in 1936 to the MSL in Jaffa and according to this measure they discovered that the sea was higher than the point height by 12.5 cm, and thus according to the re-measurement the MSL in 1936 was higher by 2.6 cm in relation to the baseline of the national orthometric network today (12.5 - 9.9 = 2.6 cm).

Baseline for the national orthometric height network of the State of Israel: The baseline for the State of Israel
In 1954 the State of Israel installed, in Jaffa, a tide gauge for the first time that was calibrated according to the height of point 1FA. In other words, the instrument’s calibration was carried out in relation to the British land leveling between Haifa and Jaffa. The TGBM of the tide gauge was point BN 223, precisely above the tide gauge itself on the quay to the west of Hangar 1 in the port of Jaffa, and it too was calibrated to 1FA (Alster, 1956). In 1962 the tide gauge was replaced due to the fact that the previous one had been broken since 1959. The new tide gauge was again calibrated to the BN 223 point. In other words, calibration of the tide gauge in Jaffa in 1962 was also carried out in relation to the baseline determined by the British in Haifa (Alster, 1962). In a letter documenting the installation of the tide gauge in 1962, a comment was added referring to the fact that BN 223 was lower than the Haifa height by 3.4 cm (Alster, 1962). It therefore followed that determination of the BN 223 point was land-based, in relation to Haifa, and further, that it related as well to the tide gauge alongside it. In addition, according to this measure, the MSL height in Jaffa in 1962 was higher than the 1FA by 3.4 cm.
In 1985, Survey of Israel decided to establish a new height point (F) in the port of Jaffa (Shirman, 2001). This point was named 55F and was measured in relation to the point which no longer exists today but which was also measured in 1962 in relation to the 1FA on Jerusalem Boulevard in Jaffa. The name of the point was BN 224 (Figure 17). The location of 55F was chosen to be the concrete base of one of the crane legs in the port which had stood there for dozens of years. The crane itself was no longer in the port in 1985; however, the poured concrete weight of the leg remained in place. The point was apparently perceived to be stable and was therefore selected to protect the new point 55F within it (Shirman, 2001).

Figure 17
Given that the height of the new point in 1985 was determined in relation to point BN224, in effect, it too was measured in relation to the national baseline at Haifa. If so, the installation of the Israeli tide gauge in 1962 as well as in 1985 was relative to the national baseline at Haifa. At the same time, at the port of Ashdod in 1958, a tide gauge was calibrated to reference point 17F. As with all reference points in the country, this one too was measured using the British stability loops in relation to the Haifa baseline of the 1930s. In 1967, following the renovation of the port of Ashdod, the tide gauge was moved twice from its location, until it was settled in its new location (Goldsmith and Gilboa, 1986; Shirman, 2001).  Following these moves, MSL measurements in Ashdod presented an increase of 6 cm (Goldsmith and Gilboa, 1986). In 1983, the 17F point was destroyed and as a result, the land point in Ashdod was moved to the entry of the port: 718A, though this point was calibrated to land points distant from the sea, as well as to BN 223, alongside the tidal gauge in Jaffa (Shirman, 2001).
In 1995, following land elevation measures taken in Israel using the leveling method and discrepancies found in the heights, the decision was taken by Survey of Israel to create a new coordination of the height point network with the MSL. For this purpose, thought was put into new placement of the baseline height of the national leveling network of the State of Israel (conversation with Dr. Steinberg, Chief Scientist at the Survey of Israel from 2003-2009). The decision was made to treat the tide gauges in Ashdod as determining for MSL measurements, and point 718A as the baseline anchoring the national orthometric height network in Israel as of 1986. Ashdod was chosen because its MSL measurements were the most continuous in the country and relatively precise (Shirman, 2001). Furthermore, the baseline of the national leveling network was determined according to the MSL from 1995 in Israel (conversation with Dr. Steinberg, the Chief Scientist of Survey of Israel 2003–2009), and thus the State of Israel’s baseline moved from Haifa to Ashdod, where it remains until today.
In 1996, in both Jaffa and Ashdod, the analog tide gauges were replaced with digital ones (Shirman, 2001). Digital measures were added in Acre, Haifa, and Ashkelon in which each tidal gauge also contained its own TGBM and a land height point on the national network to which it was calibrated. Each of the land points was measured according to the Ashdod baseline; however, they also acted as a control for the same baseline, given that they were also measured in relation to the local, nearby tidal gauges (Shirman, 2001). Thus, the State of Israel, who upon creation had adopted the British baseline in Haifa, moved it to Ashdod in 1995. Today, the Ashdod tidal gauge is the determiner of Israel’s MSL, and is according to the tidal gauge that the height of point 718A, nearby it, is set as the baseline for the national orthometric heights network, while the points in Acre, Haifa and Ashkelon are secondary anchor points for the national leveling network.
The Oceanographic and Limnological Research Center determined collection points for marine data at the end of the coal conveyor belt at the Electric Company in Hadera. The tidal gauge there was attached to the national leveling network by Survey of Israel between 1992 and 1994, (conversation with Yossi Meltzer, Chief of the Research and Measures Department of Survey of Israel).
The MSL of the Red Sea, the Dead Sea and the Sea of Galilee were also measured over the years, anchored to the Mediterranean. In the Dead Sea and the Sea of Galilee measures began in 1927 and from 1928 (adapted) and are available in the annual summary booklets from 1928 on (Lay, 1928). In 1936 the Dead Sea MSL measures were linked to the British leveling network, (Salomon, 1936) and in 1937 to the Sea of Galilee as well (Salomon, 1937). MSL measurements of the Red Sea began in July of 1961 and the confirmation of their anchoring to the national leveling network were received by Survey of Israel only in 1962 (Alster, 1962).
It is apparent from all of the above that the baseline established in the 1920s in Gaza by the British moved to Haifa in the 1930s and was adopted by the State of Israel through 1995, when it moved again to Ashdod, where it is located today.
Point 55F in Jaffa was chosen as a tourist point, commemorating the Central Manager of Survey of Israel, Aviel Ron, of blessed memory, as well as promoting the subject of determining the baseline and its importance in the mapping of the State of Israel to the public at large. This may be only a secondary point in the national orthometric heights network, in relation to the point in Ashdod; however, due to its centrality and availability to the public, it was chosen as a tourist attraction. Furthermore, this article demonstrates that the importance of point 55F in Jaffa is great because it is a link that ties the current measurements with the British ones in 1934, and through comparison with it, it becomes possible to measure historical MSLs.

Average MSL in 1922 and 1929-1930 in relation to the MSL in 1995
Measurement of the British MSL was intended to create geographic and geodesic infrastructures as a basis for the establishment of national orthometric height networks of varying levels of precision. In the 21st century, a change occurred in relations between the marine and land measurements. In the place where the heights network was measured in relation to the MSL, the MSL is measured in relation to a land baseline and allows precise tracking of the sea’s behavior. MSL measurements continue to serve as a basis for decision-making data regarding the decision whether to change the baseline for the national orthometric heights network and to control the existing leveling network, as well as important measures for the purpose of marine mapping. Changes in the MSL lead to changes in the coastline, which in turn influence the planning and construction laws in the country (conversation with Yossi Meltzer, Head of the Research and Measures Department of Survey of Israel). There is, however, great importance to the precise measurement of the MSL in Israel insofar as current climate research, which the research community has had its eye on in recent decades (Woodworth et al., 2009). These studies discovered that as of 1958 the MSL on the Mediterranean coast of Israel are 5.5 c, higher than the baseline of the national orthometric heights network and that the amplitude of the multi-year level reaches up to 15 cm, within a 20-year cycle (Shirman, 2004).
Land heights are extrapolated from MSL measures nearby and thus the historic height points indirectly demonstrate the historic MSL measurement, which was taken at the time of their determining. This then implies that the new measurements of historic height points, in relation to the national orthometric heights network of the State of Israel were determined in 199 according to the MSL in that year in Ashdod. The comparison of the historic and current heights found that the historic and current MSLs are similar. In 1922 in Gaza the MSL was +1.6 cm relative to the MSL in 1995. A more complex case occurs in 1929-1931; measurements in Haifa showed an MSL of -4.5 cm relative to the MSL in 1995, while in Jaffa measurements showed an MSL in those years which was +2.6 relative to the MSL in 1995 (Shirman, 2004). Consequently, from the return measurements it emerged that the discrepancy between the MSL in Haifa and in Jaffa in 1929–-1930 was 7.1 cm and this is apparently due a historical measuring error from those years. From all the findings in this study it seems that the MSL in 1922, 1930, and 1995 changed little on the Israeli Mediterranean coast and that the field of error found between Haifa and Jaffa belongs to an area familiar to us from the continuous, long-term research, or in other words, falls within the norm (Shirman, 2004). (Figure 18).
· Figure 18
Conclusion
The study tracked the process of establishing the baseline for the State of Israel, from the days of the British Mandate’s governmental measurements division and through to the present day. In 1922 heights were measured crudely using the triangulation network in the region of what today is Urim, while the heights on the British maps until 1947 relied on these rough measurements. Between 1929–1930 the British measured the MSL in Jaffa and Haifa continuously and long-term, as a basis for establishing the ports. In 1934 the British utilized these level measurements to set up a national leveling network. These height points were associated with the MSL in Haifa, and it appears that this was maintained as well in the State of Israel’s measurements until 1995. This article offers the first research and publication of the British MSL as well as the connection between establishing the baseline for the British leveling network and that of the State of Israel.
The MSL was a key factor in constructing the British infrastructures in Israel during the Mandate period. The land infrastructure in which the MSL played a role became, in this study, testimony to the historic MSL. The testimony may not be continuous; however, it allows us to compare specific years to the current level. Thus, height points from the 1920s and 30s demonstrate that the baseline established in the State of Israel based on the MSL in Ashdod in 1995 was extremely similar to the baseline in Gaza in the 1920s and that of Haifa in the 30s, which were also determined based on the MSLs of their time. From this we learn that the MSL on Israel’s coastline from 1922 through to 1955 changed only in a minor way, as occurred as well in the 1920s: between 1922 and 1929-1930. These values match the lower values of the multi-year amplitude of the annual MSL on the Israeli Mediterranean coastline.
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Appendixces:	Comment by Author: Author guidelines state: If there is more than one appendix, they should be identified as A, B, etc. (as opposed to 1, 2, etc.).
A. Table: Comparison of heights measured by the British in Haifa in 1938 relative to the 3F and current measures in the leveling of the same points in Haifa”

	Point name	Comment by Author: Author guidelines state as follows: please avoid using vertical rules in table cells. Thus, minor amendments were made for compliance.
	Historic measure
	Current measure
	Year of re-measurement
	Discrepancy
	Mean

	H2
	6.415
	6.459
	2002
	0.044
	0.04543

	H11
	6.43
	6.476
	2001
	0.046
	

	H34
	8.686
	8.728
	2008
	0.042
	

	H87
	4.908
	4.908
	2010
	0
	

	H114
	88.029
	88.099
	2001
	0.07
	

	H143
	5.196
	5.247
	2001
	0.051
	

	H191
	50.192
	50.257
	2001
	0.065
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