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1. Introduction	  

Large	  parts	  of	  the	  Mediterranean	  consist	  of	  semi-‐arid	  areas	  that	  are	  often	  characterized	  by	  a	  limited	  
water	  availability,	  which	  is	  increasingly	  exceeded	  due	  to	  the	  high	  water	  demand	  for	  domestic	  use	  and	  
irrigated	  agriculture.	  Strong	  climatic	  gradients,	  high	  short-‐term	  and	  interannual	  rainfall	  variability	  and	  
the	   prevalent	   karstified	   carbonate	   rock	   geology	   add	   an	   additional	   layer	   of	   complexity	   to	   the	  
hydrological	  system.	  At	  the	  same	  time,	  our	  knowledge	  about	  hydrological	  processes	  as	  well	  as	  water	  
resources	   quantity	   and	   quality	   strongly	   rely	   on	   monitoring	   networks	   and	   the	   observation	   of	  
hydrological	   variables	   in	   the	   field.	   Especially	   in	   the	  Eastern	  Mediterranean	   such	   field-‐based	  data	   is	  
often	   lacking	  or	   not	   available	   at	   the	   required	   spatial	   and	   temporal	   resolution.	  Hence,	   fieldwork	   to	  
expand	   our	   understanding	   of	   dominant	   processes	   in	  Mediterranean	   landscapes	   is	   of	   fundamental	  
importance.	  However,	  semi-‐arid	  environments	  may	  pose	  special	  challenges	  regarding	  measurement	  
network	   installation,	   e.g.	   especially	   regarding	   the	   assessment	   of	   surface	   runoff.	   These	   short-‐time	  
runoff	  events	  (flash	  floods)	  often	  reach	  high	  flow	  volumes	  and	  velocities	  and	  can	  have	  catastrophic	  
impacts	  on	  infrastructure,	  including	  the	  measurement	  infrastructure	  installed.	  

Depending	  on	  the	  main	  research	  aim,	  the	  available	  budget,	  the	  spatial	  and	  temporal	  scale	  of	  interest	  
and	   noteworthy,	   the	   research	   environment,	   different	   approaches,	   solutions	   and	   employed	  
instruments	   may	   be	   appropriate.	   Due	   to	   this	   complexity	   it	   is	   not	   easy	   to	   provide	   specific	  
recommendations,	  however	  we	   feel	   it	   is	  worth	   to	  pass	  on	  our	  experience	  and	  practical	  knowledge	  
from	   the	   field.	   Naturally,	   there	  will	   always	   be	   failures	   due	   to	   inappropriate	   approaches,	   problems	  
with	  instruments	  or	  missing	  protection	  measures	  but	  they	  can	  be	  minimized	  through	  careful	  planning	  
and	  learning	  from	  the	  experience	  of	  others.	  This	  report	  aims	  to	  communicate	  the	  experience	  gained	  
by	  two	  PhD	  students	  during	  fieldwork	  they	  performed	  as	  part	  of	  the	  project	  SMART	  (funded	  by	  the	  
German	   Federal	   Ministry	   of	   Science	   and	   Education)	   (Schmidt,	   2014;	   Ries,	   2016),	   which	   assessed	  
surface	  and	  subsurface	  water	  resources	  and	  dominant	  hydrological	  processes	  in	  a	  semi-‐arid	  area	  of	  
the	   Eastern	   Mediterranean.	   The	   monitoring	   network	   was	   initiated	   during	   the	   first	   project	   phase	  
(2006–2009,	  start	  of	  instrumentation	  in	  autumn	  2007)	  and	  extended	  considerably	  during	  the	  second	  
phase	   (2010–2014).	   It	   has	   remained	   in	   operation	   to	   this	   day	   and	   was	   recently	   again	   extended	  
significantly	  for	  hydrogeological	  monitoring	  especially	  at	  springs	  during	  the	  follow-‐up-‐project	  SMART-‐
MOVE	  (2015–2018).	  This	  latest	  extension	  is	  however	  not	  discussed	  in	  this	  report.	  

The	  first	  section	  of	  this	  report	  provides	  an	  overview	  on	  the	  instruments	  and	  approaches	  selected	  to	  
fulfil	   the	   purpose	   of	   our	   studies.	   While	   most	   instruments	   were	   bought	   readily	   assembled,	   major	  
effort	  was	  necessary	  for	   installation	   in	  order	  to	  ensure	   longevity	  and	  protection	  of	  the	   instruments	  
from	  the	  harsh	  environmental	  conditions	  and	  vandalism.	  These	  protection	  and	  installation	  measures	  
are	  introduced	  and	  later	  evaluated	  in	  the	  second	  part	  of	  the	  report.	  Finally,	  we	  provide	  a	  summary	  of	  
our	  experiences	  and	  give	   further	   recommendations	   for	   realizing	   fieldwork	   in	   the	  Middle	  East.	  Even	  
though	  numerous	  instruments	  and	  methods	  are	  not	  covered	  in	  this	  report,	  we	  hope	  this	  report	  will	  
be	  of	  help	  to	  other	  researchers	  when	  conducting	  their	  fieldwork	  or	  to	  water	  authority	  personnel	   in	  
semi-‐arid	  environments	  setting	  up	  monitoring	  networks.	   	  
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2. Overview	  of	  the	  observation	  network	  in	  the	  study	  area	  

To	   undertake	   an	   in-‐depth	   assessment	   of	   water	   balance	   components	   and	   to	   identify	   dominant	  
hydrological	   processes,	   a	   dense	   hydro-‐meteorological	   observation	   network	   was	   installed	   in	   the	  
previously	  data	  scarce	  study	  area	  at	  the	  western	  escarpment	  of	  the	  Jordan	  Valley	  in	  the	  Middle	  East	  
(Figure	  1).	  Elevation	   ranges	   from	  approx.	  1000	  m	  at	   the	  highest	  peak	  of	   the	  mountainous	  western	  
part	  of	  the	  study	  area	  down	  to	  250	  m	  below	  sea	  level	  in	  the	  Jordan	  Valley	  (Jericho	  and	  Auja	  village).	  
The	  network	  consisted	  of	  the	  following	  systems	  (most	  but	  not	  all	  stations	  were	  permanent):	  	  

• Spring	   discharge	   amounts	   and	   water	   physicochemical	   and	   quality	   parameters	   (mainly	  
temperature,	  electrical	  conductivity	  and	  turbidity)	  

• Surface	   runoff	   in	   ephemeral	   streams	   at	   flumes	   and	  weirs	  where	   available	   or	   affordable	   to	  
construct	  or	  at	  road	  culverts	  

• Meteorological	  parameters	  (temperature,	  shortwave	  solar	  radiation,	  relative	  humidity,	  wind	  
speed	  and	  wind	  direction)	  

• Precipitation	  
• Soil	  moisture	  in	  different	  depths	  (some	  with	  temperature	  observations)	  

A	  list	  of	  used	  sensor	  systems	  is	  compiled	  in	  the	  appendix	  at	  the	  end	  of	  this	  report.	  

	  
Figure	  1:	  Instrumentation	  network	  in	  the	  Lower	  Jordan	  Valley	  region.	  
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3. Field	  installations	  

Our	  hydrometeorological	  observation	  network	  implemented	  over	  a	  period	  of	  nearly	  10	  years	  (2007–
2016)	   includes	   a	   large	   variety	   of	   instruments	   for	   the	   monitoring	   of	   spring	   discharge,	   rainfall,	  
meteorological	  parameters,	   soil	  moisture	  and	   surface	   runoff.	  Artificial	   sprinkling	  experiments	  were	  
realized	  during	  one	  spring	  season	  for	  the	  particular	  investigation	  of	  rainfall	  redistribution,	  infiltration	  
characteristics	   and	   preferential	   flow	   within	   the	   headwaters	   of	   our	   study	   areas.	   The	   experimental	  
setup	  is	  described	  in	  detail	  in	  Sohrt	  et	  al.,	  (2014).	  Below	  we	  describe	  the	  individual	  instrumentation	  
components	  in	  detail	  and	  report	  our	  experiences	  gained	  working	  with	  them	  in	  the	  field.	  

3.1 Meteorological	  stations	  

We	  installed	  two	  types	  of	  meteorological	  stations,	  which	  were	  distributed	  in	  our	  study	  area	  in	  order	  
to	  cover	  the	  strong	  climatic	  gradient	  from	  the	  mountain	  range	  down	  towards	  the	  Jordan	  Valley.	  The	  
first	   type	   is	   a	   relatively	   affordable	  HOBO-‐system	   (Onset	  Computer	  Corporation,	   Bourne,	  USA).	   The	  
second	  climate	  station	  from	  Thies	  (Thies	  GmbH,	  Göttingen,	  Germany)	  is	  equipped	  with	  high	  accuracy	  
sensors	  and	  made	  for	  professional	  application	  within	  hydro-‐meteorological	  monitoring	  networks.	  

HOBO	  climatic	  station	  

The	  HOBO	  weather	  station	  consists	  of	  a	  H-‐21-‐001	  logger	  unit	  connected	  to	  sensors,	  which	  measure	  
the	  same	  parameters	  as	  the	  Thies	  station	  (Figure	  2).	  Unlike	  the	  Thies	  station,	  it	  does	  not	  require	  an	  
external	   power	   source	   but	   instead	   runs	   on	   6	   AA	   batteries	   for	   a	   period	   of	   more	   than	   one	   year	  
(measuring	   at	   10-‐minute	   intervals).	   The	   system	   is	   capable	   of	   averaging	   shorter	   than	   10	   minute	  
interval	  measurements	  for	  certain	  sensors,	  which	  we	  didn’t	  take	  advantage	  of	  due	  to	  concerns	  about	  
battery	   endurance.	   It	   is	   able	   to	   store	   500,000	   measurements	   that	   can	   easily	   and	   quickly	   be	  
downloaded	  using	  the	  software	  HOBO-‐ware-‐pro	  and	  an	  USB-‐to-‐clinch	  connection.	  Overall,	  the	  HOBO	  
software	   is	   easy	   to	   use	   and	   allows	   for	   a	   number	   of	   convenient	   logger	   settings	   (e.g.	   time-‐delayed	  
measurements).	   It	   can	   also	   be	   used	   in	   combination	  with	   other	   HOBO	   logger	   types	   that	  were	   also	  
used	   in	   this	   study	   (see	   sections	   below	   for	   more	   detail).	   The	   plug-‐and-‐play	   sensors	   are	   easily	  
connected	   to	   the	   logger	   unit	   (no	   tools	   required).	   Overall,	   this	   makes	   for	   an	   affordable	   and	   fairly	  
reliable	   station.	   Some	  of	   the	   sensors	   turned	  out	   to	  be	   rather	   fragile	  and	   short-‐lived,	  especially	   the	  
wind	  sensor,	  which	   is	  made	  of	  plastic	  and	  turns	  brittle	  under	  strong	  UV	  radiation	  exposure.	  Due	  to	  
temporarily	  high	  wind	  gust	  velocities	  (up	  to	  30	  m/s)	  in	  the	  highlands	  and	  the	  plastic	  type	  sensors,	  the	  
wind	  direction	   sensor	  was	  blown	  off	   already	  during	   the	   first	  winter	   season;	  nevertheless	   the	  wind	  
velocity	  sensor	  did	  continue	  to	  work.	  A	  second	  sensor,	  which	  had	  to	  be	  replaced	  repeatedly	  over	  a	  
period	  of	  eight	  years,	  is	  the	  relative	  humidity/temperature	  sensor.	  

Thies	  climatic	  station	  

Based	  on	  the	  experience	  with	  the	  cost-‐benefit-‐efficient	  HOBO	  station,	  for	  the	  further	  installation	  of	  
the	  highland	  parts	  (the	  main	  recharge	  area	  of	  the	  aquifers),	  a	  more	  robust	  type	  with	  fewer	  moving	  
parts	  and	  heating	  elements	  was	  used.	  The	  two	  Thies	  climatic	  stations	  (Figure	  2b)	  consist	  of	  a	  logger	  
unit	  (model:	  DLx-‐MET)	  connected	  to	  a	  combined	  air	  temperature	  and	  humidity	  sensor,	  widely	  used	  
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shortwave	  solar	  radiation	  sensor	  (CMP	  3,	  Kipp+Zonen,	  The	  Netherlands),	  a	  2D	  ultrasonic	  wind	  sensor	  
and	  a	  precipitation	  sensor.	  

This	  type	  of	  station	  has	  to	  be	  connected	  permanently	  to	  the	  electric	  grid	  system	  to	  due	  to	  the	  high	  
power	  demand	  of	  the	  heated	  ultrasonic	  wind	  speed	  sensor	  and	  the	  heated	  funnel	  unit	  of	  the	  rainfall	  
gauge.	  The	   system	  takes	  a	   reading	  every	   second	  and	   the	   logger	   subsequently	   saves	   the	  10-‐minute	  
mean	  of	   all	  measurement	   parameters	   in	   10-‐minute	   intervals	   over	   the	   period	  of	   one	   year	   (approx.	  
500,000	  measurements).	  Also,	  hourly	  extremes	  for	  all	  parameters	  are	  saved.	  Unlike	  with	  ready	  to	  use	  
units,	  the	  installation	  of	  the	  Thies	  station	  is	  more	  time	  and	  work	  intensive	  as	  all	  sensors	  have	  to	  be	  
connected	  to	  the	  proper	   logger	  unit	  channels	   individually	  as	   indicated	  by	  the	  circuit	  diagram.	  Once	  
installed	  and	  connected	  to	  the	  grid,	  the	  station’s	  heavy-‐duty	  design	  and	  high	  quality	  sensors	  enable	  
long	  term	  use	  and	  promise	  very	  reliable	  and	  high	  quality	  data.	  Data	  can	  easily	  be	  downloaded	  via	  a	  
USB	   port	   or	   SD	   card;	   however,	   the	   relatively	   slow	   speed	   of	   data	   transmission	   is	   a	   minor	  
inconvenience	  (15	  minutes	  when	  maximum	  storage	  capacity	  is	  reached).	  Theoretically,	  the	  station	  is	  
capable	   of	   wireless	   data	   transmission	   (GMS	   modem),	   if	   access	   to	   necessary	   service	   providers	   is	  
possible.	   In	   our	   study	   area,	  we	   frequently	   experienced	   power	   outages	   that	   ran	   down	   the	   back-‐up	  
battery,	   requiring	   it	   to	   be	   replaced.	  We	   recommend	   the	   use	   of	   this	   or	   similar	   types	   of	   stations	   in	  
locations	   where	   continuous	   power	   supply	   can	   be	   ensured,	   or	   alternative	   sensors	   with	   lower	  
electricity	  requirements.	  

	  

Figure	  2:	  The	  two	  installed	  station	  types	  for	  the	  observation	  of	  meteorological	  variables:	  a)	  HOBO	  climate	  station	  and	  
b)	  Thies	  climate	  station.	  

a) b)
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3.3 Soil	  moisture	  monitoring	  sites	  

Soil	   moisture	   was	   observed	   mainly	   using	   decagon	   logger	   units	   (EM50)	   connected	   to	   type	   5-‐TM	  
sensors	   that	  were	   placed	   in	   different	   soil	   depths.	  Due	   to	   the	   often	   limited	   soil	   depth	   in	   the	   study	  
area,	   the	   lowest	   sensor	  was	  usually	  placed	  at	  depths	  between	  40	   to	  80	  cm.	  The	   individual	   sensors	  
were	   inserted	   in	   relatively	   stony	   and	   dense	   soils,	   exercising	   caution	   not	   to	   damage	   or	   break	   the	  
sensitive	   sensor	   plate	   (Figure	   4a).	   Loggers	   are	   powered	   by	   five	  AA	  batteries,	  which	   is	   sufficient	   to	  
measure	  soil	  moisture	  of	  up	   to	   five	   sensors	  over	  a	  period	  of	  one	  year	  without	  any	  difficulties.	  The	  
batteries	   box	   should	   be	   covered	   with	   duct	   tape,	   as	   batteries	   could	   move	   and	   cause	   unnecessary	  
measurement	  logging	  failures	  (Figure	  4b).	  Particular	  attention	  should	  also	  be	  paid	  to	  maintaining	  the	  
connection	  between	  the	  sensors	  and	  the	  logger	  during	  the	  installation	  process.	  It	  is	  further	  strongly	  
recommended	  to	  number	  and	  label	  the	  cables	  coming	  from	  the	  different	  sensors	  at	  the	  plug-‐end	  of	  
the	   cable	  with	   information	   regarding	   sensor	   depth	   to	   avoid	   confusion.	   However,	   if	   a	  mix-‐up	   does	  
occurred,	  different	  depth	  sequence	  can	  usually	  be	  identified	  after	  data	  readout	  due	  to	  the	  effect	  of	  
temperature	   on	   soil	   moisture	   measurements.	   The	   sensor	   with	   the	   strongest	   diurnal	   cycle	   is	   the	  
upper	  most	  one	  and	  the	  amplitude	   is	  attenuated	  and	  shifted	  towards	  the	  afternoon	  as	  sensors	  are	  
placed	  in	  greater	  soil	  depths.	  While	  the	  logger	  units	  are	  designed	  to	  remain	  above	  ground	  and	  thus	  
are	  not	  waterproof,	  we	  decided	  to	  bury	  them	  under	  ground	  to	  hide	  the	  instruments	  in	  order	  to	  avoid	  
vandalism.	  Despite	  careful	  wrapping	  of	  the	  logger	  in	  multiple	  Zip-‐lock	  bag	  layers	  and	  the	  use	  of	  duct-‐
tape	  to	  prevent	  water	  entry	  a	  complete	  and	  reliable	  seal	  could	  not	  always	  be	  achieved.	  As	  a	  result,	  
some	   damage	   to	   the	   instruments	   was	   unavoidable.	   Alternative	   preventative	   measures	   in	   similar	  
installation	  set-‐ups	  are	  strongly	  recommended.	  

	  
Figure	  4:	  Example	  for	  a	  soil	  moisture	  monitoring	  site.	  a)	  Soil	  moisture	  plot;	  b)	  Logger	  unit	  Decagon	  EM-‐50.	  

a) b)
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During	   the	   first	   project	   phase,	  mainly	   the	   two	  main	   springs	   Auja	   (ca.	   1	   km	   upstream	   of	   the	  main	  
catchment	  surface	  runoff	  gauging	  station	  of	  Wadi	  Auja)	  and	  Sultan	  (the	  main	  spring	  of	  Jericho)	  were	  
equipped.	  At	  the	  start	  of	  the	  second	  project	  phase,	  observations	  were	  extended	  to	  the	  large	  spring	  
Duyuk	   (near	   the	   outlet	   of	   the	   surface	   catchment	   of	  Wadi	   Nueima)	   and	   the	   Samia	   spring	   (located	  
within	  the	  surface	  catchment	  of	  Wadi	  Auja).	  As	  the	  springs	  Sultan	  and	  Duyuk	  display	  a	  low	  variation	  
in	   discharge	   and	   a	   very	   complex	   setting	   (multiple	   outlets,	   pumping	   abstraction	   for	   public	   water	  
supply	   at	   a	   number	   of	   points	   in	   the	   spring	   ponds	   etc.)	   discharge	  monitoring	   at	   those	   springs	  was	  
mainly	  conducted	  in	  form	  of	  discrete	  discharge	  measurements	  with	  the	  salt	  dilution	  method.	  Those	  
were	   performed	   mainly	   in	   the	   spring	   (relative	   high-‐flow	   conditions)	   and	   autumn	   (low-‐flow	  
conditions).	   At	   the	   springs	   Auja	   (Figure	   7a	   and	   7b)	   and	   Samia,	   which	   are	   characterised	   by	   a	   high	  
fluctuation	   in	  discharge,	  major	  effort	  had	  to	  be	  directed	  to	   the	  construction	  of	  permanent	  gauging	  
stations.	  At	  the	  Samia	  spring,	  for	  the	  largest	  parts	  of	  the	  year	  no	  spring	  outflow	  is	  observed	  due	  to	  
pumping	   abstraction	   in	   a	   nearby	  well	   tapping	   the	   spring’s	   aquifer.	   Therefore,	   the	   instruments	   for	  
measuring	  water	  level,	  electrical	  conductivity	  and	  temperature	  were	  installed	  in	  the	  well.	  A	  V-‐notch	  
weir	   was	   constructed	   in	   an	   existing	   concrete	   channel	   section	   of	   the	  Wadi	   downstream	   from	   the	  
spring	   outlet	   (Figure	   5c)	   to	   assess	   both,	   surface	   runoff,	   but	   also	   spring	   discharge.	   During	   periods	  
where	  both	  flows	  occurred,	  they	  had	  to	  be	  separated,	  e.g.	  by	  the	  difference	  in	  water	  temperature	  of	  
groundwater	  and	  surface	  water.	  

	  
Figure	  7:	  Auja	  spring	  monitoring	  with	  the	  constructed	  weir	  in	  front	  (a)	  and	  springhouse	  in	  the	  background	  with	  
installed	  probes	  (b).	  

a)

b)
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For	   weirs	   and	   flumes	   not	   build	   in	   concrete	   channels	   but	   in	   alluvial	   sediments,	   caution	   has	   to	   be	  
directed	  to	  the	  tailwater	  section	  of	  the	  structure,	  i.e.	  the	  channel	  after	  the	  critical	  section,	  in	  order	  to	  
avoid	  continuous	  erosion	  (e.g.	  see	  concrete	  bottom	  of	  the	  tailwater	  section	  in	  Figure	  7).	  The	  Parshall	  
flume	  (Figure	  5b)	  was	  constructed	  about	  50	  years	  ago	  in	  a	  presumably	  relatively	  even	  section	  of	  the	  
Wadi.	  Due	  to	  the	  steep	  slope	  in	  the	  streambed	  the	  tailwater	  was	  deeply	  eroded,	  which	  even	  let	  to	  a	  
partial	   collapse	   of	   the	   flume.	   If	   no	   maintenance	   is	   performed	   on	   this	   valuable	   structure,	   the	  
observations	  on	  stream	  discharge	  in	  Wadi	  Qilt,	  realized	  within	  this	  project	  for	  the	  first	  time	  on	  high	  
temporal	  resolution,	  will	  end	  soon.	  

4. Instrument	  protection	  

General	  remarks	  

Safe	  installation	  of	  monitoring	  equipment	  is	  a	  major	  problem	  in	  a	  wide	  range	  of	  monitoring	  studies.	  
Scientific	  instruments	  are	  often	  quite	  fragile	  and	  the	  surroundings	  of	  the	  station	  (e.g.	  runoff	  stations)	  
also	   need	   to	   be	   insensitive	   to	  modifications	   in	   order	   to	   provide	   a	   stable	  monitoring	   environment.	  
Apart	  from	  sheer	  vandalism	  it	  is	  often	  more	  the	  curiosity	  of	  people	  that	  is	  of	  concern,	  i.e.	  the	  interest	  
in	   the	   instruments	   and	   a	   damage	   of	   the	   instruments	   or	   a	   modification	   of	   the	   measuring	   setup,	  
causing	   a	   malfunction,	   at	   least	   until	   the	   next	   field	   visit.	   For	   example,	   out	   tipping	   bucket	   rainfall	  
measuring	  system	  was	  frequently	  the	  subject	  of	   interest;	  someone	  had	  a	   look	  at	  the	  measurement	  
principle	   (tipping	   balance)	   and	   the	   data	   logger,	   manually	   tipped	   the	   bucked	   a	   few	   times	   and	  
subsequently	  misplaced	  the	  logger	  slightly,	  which	  lead	  to	  the	  logger	  cable	  blocking	  the	  balance	  and	  
thus	  prevented	  rainfall	   from	  being	  measured.	  Recorded	  tips	  caused	  by	  people	   just	  having	  a	   look	  at	  
the	  station	  are	  quite	  easily	  identified	  with	  the	  information	  on	  the	  time	  of	  the	  day,	  but	  also	  comparing	  
the	  station	  data	  with	  surrounding	  station	  where	  no	  disturbance	  took	  place.	  

Due	   to	   the	   limited	   choice	   of	   safe	   places	   for	   the	   instruments,	   certain	   “trade-‐offs”	   were	   necessary	  
especially	   regarding	   the	  monitoring	   of	   meteorological	   parameters.	   Despite	   the	  WMO	   observation	  
standards	  for	  e.g.	  precipitation	  at	  a	  height	  of	  1	  m	  above	  ground	  surface	  (e.g.	  Goodison	  et	  al.,	  1997),	  
all	  of	  our	  stations	  are	  installed	  on	  top	  of	  buildings,	  mostly	  schools	  or	  water	  supply	  infrastructure	  and	  
municipalities.	  We	  hardly	  found	  any	  side	  that	  was	  be	  suitable	  for	  an	  installation	  on	  the	  ground,	  i.e.	  in	  
a	   well-‐fenced	   open	   space.	   This	   might	   also	   pose	   problems	   for	   certain	   other	   meteorological	  
parameters,	  which	  are	  used	  for	  the	  calculation	  of	  e.g.	  potential	  evapotranspiration	  with	  the	  Penman-‐
Monteith	  equation,	  assuming	  a	  measurement	  height	  of	  wind	  velocity	  in	  only	  2	  m	  above	  the	  natural	  
ground.	  	  

It	  is	  however	  questionable	  if	  this	  deviation	  from	  the	  standard	  procedures	  results	  in	  large	  errors.	  It	  is	  
rather	  much	  more	  in	  line	  with	  typically	  applied	  meteorological	  practice	  in	  the	  region,	  where	  rainfall	  
and	  meteorological	   stations	   are	   usually	   installed	   on	   top	   of	   public	   buildings.	   In	   the	  West	   Bank	   for	  
example,	  most	   rainfall	   stations	   are	   installed	   on	   public	   schools.	   Even	   the	  meteorological	   station	   of	  
Jerusalem	  (IMS	  -‐	  http://www.ims.gov.il),	  having	  a	  continuous	  record	  since	  1949	  is	  installed	  on	  top	  of	  
a	   building	   in	   the	   densly	   built-‐up	   area	   of	   Jerusalem.	   In	   summary,	   we	   had	   to	   accept	   possible	  
inaccuracies	   for	  certain	   factors	   in	  order	   to	  ensure	  a	  maximum	  possible	  chance	  of	  observation	   time	  
series	  without	  major	  gaps.	  A	  particular	  detail	  from	  our	  observations	  is	  that	  stations	  mounted	  on	  the	  
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roofs	   of	   girls-‐only	   schools	   are	   much	   safer	   than	   on	   boys-‐only	   schools,	   and	   is	   thus	   strongly	  
recommended.	  

With	   the	   intent	   of	   obtaining	   long-‐term	   observation	   in	   remote	   semi-‐arid	   areas,	   thought	   should	   be	  
given	  to	  a	  number	  of	  issues	  including	  instrument	  location	  and	  protection,	  as	  well	  as	  communication	  
with	  the	  local	  population.	  

Choice	  of	  location	  

The	   first	  decision	   is	  on	  where	   to	  place	  certain	  measurement	  devices	   in	   the	   landscape.	  Oftentimes,	  
the	  choice	  falls	  on	  a	  site	  that	  represents	  a	  compromise	  between	  an	  optimal	  location	  from	  a	  scientific	  
perspective,	   but	   at	   the	   same	   time	   allows	   for	   easy	   access	   and	  most	   importantly,	   a	   certain	   level	   of	  
protection	  against	  potential	  damage,	  e.g.	  such	  as	  vandalisms.	  Based	  on	  our	  experience,	  a	  number	  of	  
different	  ways	  result	  in	  good	  instrument	  protection;	  for	  small	  devices,	  simply	  placing	  them	  in	  hidden	  
locations	  and	  out	  of	  direct	  sight	  was	  fairly	  effective	  in	  many	  cases.	  Alternatively,	  using	  materials	  that	  
make	  the	  device	  less	  obvious,	  such	  as	  using	  rusty	  casings	  instead	  of	  shiny	  stainless	  steal	  containers.	  A	  
third	  option	  is	  to	  use	  heavy-‐duty	  materials	  (e.g.	  thick	  metal	  casings	  in	  concrete	  setting)	  when	  placing	  
the	   instruments	   that	  can	  only	  be	  opened	  using	  specialized	   tools	   (see	  below).	  Finally,	  we	   found	  the	  
most	   effective	   way	   to	   protect	  measurement	   devices	   is	   to	   place	   them	   in	   fenced-‐in	   areas	   of	   utility	  
companies,	  such	  as	  municipal	  water	  suppliers.	  	  

Independent	   of	   any	   of	   these	   measures,	   cooperation	   and	   communication	   with	   local	   partners	   in	  
research	   and	   resource	   management	   is	   very	   helpful	   in	   identifying	   suitable	   locations	   and	   gaining	  
credibility	  in	  the	  public’s	  eye.	  Furthermore,	  being	  in	  touch	  with	  local	  communities	  and	  taking	  time	  to	  
inform	  residents	  about	  the	  installations	  is	  an	  important	  aspect	  of	  ensuring	  successful	  data	  collection.	  
Often	  we	   found	   it	   to	  be	  very	  helpful	   to	  be	  accompanied	  by	  a	  community	  member	  or	  official	  when	  
setting	   up	   or	   maintaining	   the	   measurement	   network,	   in	   part	   to	   bridge	   the	   language	   barrier	   but	  
mostly	  to	  help	  gain	  trust	  among	  the	  local	  population.	  Hiring	  locals	  to	  help	  with	  the	  actual	  installation	  
of	  network	  units	  can	  thus	  have	  multiple	  benefits.	  

Logger	  casing	  and	  stilling	  wells	  

In	  order	  to	  protect	  certain	  devices	  located	  in	  well	  accessible	  areas,	  we	  designed	  and	  built	  specialized	  
casings	   for	  diver	  and	  water	  quality	  probes.	  Aside	   from	  accommodating	  different	  probe	  shapes	  and	  
sizes,	   all	   casing	   share	   in	   common	   that	   they	   are	  made	  of	   strong	  materials	   and	   accessible	  only	  with	  
specialized	  keys	  or	  tools.	  Uncommon	  or	  large	  screws,	  preferably	  a	  combination	  of	  two	  different	  types	  
prevented	   interference	   with	   the	   instruments	   in	   all	   of	   our	   locations.	   For	   complete	   protection,	   the	  
casings	  were	  mounted	  to	  solid	  objects	  such	  as	  concrete	  walls	  or	  large	  rocks	  by	  means	  of	  high-‐quality	  
mollies	  or	  quick-‐drying	  cement.	  
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Figure	  8:	  Instrument	  protection	  measures:	  a)	  Diver	  outer	  and	  inner	  casing;	  b)	  mounted	  diver	  casing;	  c)	  Stilling	  well	  
and	  protection	  case	  for	  larger	  probes	  

5. Conclusion	  and	  further	  recommendations	  

The	   instruments	   applied	  within	   this	   study	   showed	  different	  performances.	   For	   certain	   sensors	   and	  
loggers	   frequent	  technical	  malfunctions	  were	  observed.	  Even	  with	  maximum	  precautions,	  data	  and	  
instrument	  losses	  could	  not	  totally	  be	  prevented	  due	  to	  very	  harsh	  conditions	  and	  curious	  people	  or	  
vandalism.	   Therefore,	   even	   for	   small	   catchments,	   we	   recommend	   measuring	   meteorological	  
parameters	  and	   rainfall	   at	  more	   than	  one	   location	   in	  order	   to	  be	  able	   to	   fill	   data	  gaps	   in	   the	   time	  
series	   using	   neighbouring	   stations.	   For	   important	   parameters	   and	   locations,	   the	   installation	   of	   a	  
doubled	  observation	  device	  (e.g.	  pressure	  transducers)	  might	  be	  appropriate	  if	  financially	  possible.	  

Regarding	   the	   meteorological	   stations,	   including	   the	   precipitation	   gauges,	   simple	   solutions	   and	  
instruments	  might	  be	  the	  best	  choice.	  This	  can	  be	  demonstrated	  for	  different	  aspects:	  (1)	  if	  financial	  
aspects	   are	   a	   major	   constraint,	   we	   advocate	   using	   the	   budget	   primarily	   for	   the	   installation	   of	   a	  
spatially	   dense	  network	   of	   automatic	   rainfall	   gauges.	   For	   example,	   the	   investment	   costs	   of	   the	   15	  
HOBO	  type	  rainfall	  gauges	  installed	  during	  our	  study	  are	  approximately	  equal	  or	  even	  less	  compared	  
to	   one	   heavy	   duty	  meteorological	   station	   installed.	  Moreover,	   those	   relatively	   cheap	   instruments	  
performed	   very	   well,	   showed	   excellent	   durability	   due	   to	   their	   metal	   housing	   and	   only	   very	   few	  
technical	  malfunctions.	  In	  this	  low-‐cost	  scenario,	  the	  estimation	  of	  potential	  evapotranspiration	  can	  
be	   achieved	   with	   continuous	   measurements	   of	   air	   temperature	   and	   humidity,	   which	   can	   be	  
measured	   at	   very	   low	   installation	   costs.	   (2)	   The	   more	   expensive	   2D	   ultrasonic	   wind	   velocity	   and	  
direction	   sensors	   were	   selected	   because	   they	   do	   not	   involve	   moving	   parts	   and	   have	   heating	  
elements	  in	  case	  of	  snow	  events	  (see	  above,	  section	  3.2).	  However,	  these	  sensors	  require	  a	  constant	  
power	  supply	  due	  to	  the	  measurement	  principle	  and	  the	  heating	  elements.	  Accordingly,	   they	  were	  
not	  working	  during	  times	  of	  power	  outages,	  which	  are	  more	  likely	  to	  occur	  during	  periods	  of	  intense	  

a) c)

b)
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rainfall	  or	  snow	  events,	  which	  were	  of	  special	  importance	  for	  us	  to	  measure.	  Instead	  we	  recommend	  
the	   installation	   of	   cup-‐anemometer	  made	   of	  metal,	  which	   also	   runs	   on	   the	   12	  Volt	   buffer	   battery	  
during	  those	  periods	  and	  requires	  only	  a	  fraction	  of	  the	  investment	  costs.	  	  

In	  general	  our	  experience	  shows	  that	  besides	  choosing	  appropriate	  instruments,	  special	  effort	  should	  
be	  invested	  into	  a	  proper	  protection	  of	  instrumentation	  sites	  in	  order	  to	  ensure	  uninterrupted,	  high	  
quality	  data.	  Simple,	  reliable	  and	  economic	  measurement	  solutions	  and	  event	  self-‐build	  or	  modified	  
sensors,	   for	  which	  numerous	  building	   instructions	  and	  reports	  can	  be	  found	  (see	  e.g.	  Chapin	  et	  al.,	  
2014),	  may	  be	   the	  best	   choice	   for	  obtaining	  hydrological	   data	   in	   semi-‐arid	   regions.	  Given	   the	  high	  
importance	   of	   water	   resources	   especially	   in	   semi-‐arid	   areas,	   we	   encourage	   all	   scientists	   to	   invest	  
maximum	  possible	  effort	  in	  the	  acquisition	  of	  field	  data	  rather	  than	  to	  rely	  on	  rough	  estimations,	  as	  it	  
can	   provide	   fundamentally	   new	   insights	   into	   burning	   hydrological	   questions	   and	   enable	   water	  
resources	  assessments	  and	  integrated	  water	  resources	  management.	  	  
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Appendix	  

Table	  1:	  Overview	  of	  deployed	  instruments	  and	  observation	  systems.	  

Observation	   Instrument	  

Meteorological	  
parameters	  

Hobo	   weather	   station	   with	   H-‐21-‐001	   logger	   and	   sensors	   wind	   speed,	  
temperature,	  relative	  humidity,	  radiation	  

Thies	  Climatic	  station	  with	  DLx-‐MET	  logger	  and	  sensors	  for	  wind	  speed	  and	  wind	  
direction	  (ultrasonic),	  temperature,	  relative	  humidity,	  radiation	  

Rainfall	   HOBO	  RG-‐M	  tipping	  bucket	  with	  UA-‐003-‐64	  event	  data	  logger	  

Thies	  rainfall	  gauge	  connected	  to	  DLx-‐MET	  logger	  and	  integrated	  heating	  system	  

Soil	  moisture	   Decagon	  5-‐TM	  probes	  connected	  to	  EM50	  logger	  

Runoff	   SEBA	  Dipper	  3,	  Eijkelkamp	  Mini-‐Diver;	  Eijkelkamp	  CTD-‐Diver;	  HOBO	  4	  meter	  fresh	  
water	  level	  data	  logger	  

Large	  tipping	  bucket	  system	  (own	  construction)	  connected	  to	  a	  UA-‐003-‐64	  event	  
data	  logger	  

Spring	  
discharge	  

SEBA	  Dipper	  PT;	  SEBA	  MPS	  (multi-‐parameter	  probe)	  
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