
第 21卷第 12 期
2006 年 12月

地球科学进展
 ADVANCES IN  EARTH  SCIENCE 

 Vol.21　 No.12 
 Dec.，2006 

文章编号：1001-8166 （2006 ）12-1260-08 

 Quality   Assessm  ent of  Tib eta n   Pla teau   Eddy   Co  varia nce 
 M easurem  ents   Utiliz in g   Footp rin t  M odelin g �

 S.  Metzger 
1
， MA Yao- m in g 

2
， T. Markkanen 

1
， M . G� ckede 

3
， LI Maoshan 

2
， T. Foken 

1

（1. University of  Bayreuth ， Departm ent of Microm  eteorology ， Bayreuth ， Germ any ；
2. Chinese  Academ  y of Sciences ， Institute of  Tibetan   Plateau   Research ， Bei jing　100085 ， China ；

3. Oregon   State  University ， Departm entof  Forest Science ， Corvallis ， USA ）

 Abstract ： A quality analysis including  footprintm odel  ling  has  revealed  spatialand  tem  poralstruct  ures  in 

 the  quality of Eddy   Covariance  m easurem  ents f  or two highland  sites  located  on  the   Tibetan  pl  ateau.  Fetch 

 analysis has  shown ， thatup  to  1 /3  ofthe  m easurem  ents do  notfulfil  l assum ptions  necessary for  a physi-

 cally correctdata processing.  Despite this f  act ， m easurem  ents oflatentheat-，CO 2
- and  m om  entum  flux  in 

 general fulfi llthe  quality test  criteria to a  n extend  that the  results can  be  regarded  as  sui  table  for  funda-

 m ental research ， whereby  usually  certain  wind  sectors have  bee  n found  violating  basic  assum ptions.

 Measurem  ents of the  sensible  heat flux  allow  f  or  the  usage  in  continuously  running  m easurem  ent ， while 

 stillfew  indications ofthe  quality assessm  e  nt can  notbe  explained  due  to  localtopography ， butindicate 

 organized  structures  and  lead  to the  hypothes  is ofm esoscale flow  patterns in  the  boundary l  ayer.

 Key  w ords ： Alpine ；EC； Footprint Clim atology ； GCM ； Mesoscale ； Tibet ；QA；QC
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1　 Introductio n 
 Land  surface- atm osphere  interaction  proces  ses 

 play  an  im portantrole in  the  energy  and  m atter  cycles ，
 such  as  thatof CO 2  and  water ， over  a wide  m agnitude 

 ofscales.  Considerable deficit exists conce  rning  the  a-

 bility  to  properly  describe  these  processes ， especially 

 in  high  elevation  environm ents ， which  am  ong  others 

 leads to  system  atically  biased  assessm  ent of  clim ate  a-

 nom  alies  by   Global Clim ate  Models （ GCM s）.

 The   Eddy   Covariance （EC）  m ethod  is  the  best 

 m easurem  ent technique  currently  available  f  or  the  de-

 term ination  ofm atter  and  energy  fluxes  betwe  en  the  at-

 m osphere and  the  underlying  surface.  Therefo re，EC

 m ethod  has  becom  e a widely  accepted  tool  for  th  e de-

 term ination  of  m atter  and  energy  fluxes ， applied  by 

 severalflux  networks  such  as   Am eriflux ， EUROFLUX 

 and   Asia Flux ，  overall  coordinated  within   FLUX -

 NET ［1］.  However ， the  adoption  of  the   EC  m ethod  is 

 based  on  the  assum ption  thatcertain  statisti  caland  m e-

 teorological  requirem  ents  are fulfilled  and  the  equip-

 m entis working  reliably.  The  developm ent of a  n auto-

 m ated  quality  control  and  site  characterizat  ion  proce-

 dure ［2，3］  has  shown that  non- ideal conditions  are com  -

 m on  for  a wide  range  of  sites.  The  procedure con  sists 

 of quality  tests ［4，5］  in  com  bination  with  a forward  La-

 grangian  footprint m odel ［6］  using  detailed  terrain  data 

 gathered  by  rem  ote sensing  m ethods.  Quality t  ests cov-

er  e. g .  steady  state and  developed  turbulence  assum p-

 tions  and  lead  to  an  overall flagging  of  the  flu  x data 
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 quali ty.  Footprint m odeling  defines  the  spat  ial  context 

 of these  fluxes ， thereby  the  quality flags  can  be  alloca-

 ted  to different wind  directions  under  varyin  g m eteoro-

 logical  conditions.  Thus ， this  procedure  enables  the 

 collection  ofhigh- quali ty data sets forthe  a  ssignm entof 

 these  fluxes  to  different  land  use  types  on  lan  dscape 

 scale  which  leads  to  representative  training  areas  for 

 the  am  endm entofrem  ote sense  based   GCMs.

 EC  m ethod  is  rarely  used  at  alpine  research  sta -

 tions ， m ost ofthem  dom  inated  by  forests ， e. g.  Renon ，
 Italy ［8，9］  and   Niwot   Ridge ， USA ［8］  at  elevations  up  to 

3 050   m .  This  study  aim s to  evaluate  to  what  exte nt

 the   EC  m ethod  can  be  applied  to the  conditionso  fshal-

 low  and  often  very stable planetary boundary l  ayer ， low 

 pressure and  extrem  e daily and  seasonalcycle  s oftem  -

 perature and  stratification  of  the  atm ospher  e over  the 

 Tibetan  plateau.  Therefore results ofthe  qua  lity control 

 procedure fortwo  Tibetan  plateau  grassland  s  ites  atele-

 vations up  to  4 745   m are presented.

2　 Mate ria ls  and  m eth ods 
 The  analysis was carried  outfortwo sites  in  Ti  bet ，

 China ， with   Na Mu Cuo  site  lying  on  the   SE  banks  of 

 Lake   Na Mu Cuo ， located   150   km   N of   Lhasa  and  the 

 Everest  site  located  in  reach  of  the   ＃ 1   m ount  Ev  erest 

 base  cam  p.  Exact  locations  and  m easurem  ent  pe  riods 

 are listed  in   Table  1.

 Land  use  data ofthe   Chinese   Academ  y of Science s

（ CAS ）  with  a resolution  of 50   m was  used.  Land  use 

 classes  had  been  distinguished  due  to  unsuper  vised 

 classification  of   Landsat   TM   / E TM  im ages ， verified 

 during  on- the- spot  investigations  in   2000.  F  or  refine-

 m entand  evaluation ， the  directsurrounding  ofthe  flux 

 tower  was  rem  apped  in  2006   with  a resolution  of 20   m 

 due  to on- the- spotinvestigations ， covering  areas  of 0.3 

km 2（ Everest ） and   1.6   km 2（ Na Mu Cuo ） respectively.

 Spatial Reference  was  obtained  using  the   Garm  in  e Map 

 GPS.  Measurem  ents were carried  outreceiving 5-9   sat-

 ellites  causing  a spatial precision  of 5 ～7  m .  I  n total ，
6  land  use  classes  were distinguished ， whereas  thereof 

 the  target  land  use  type  grassland  was  divided  in  two 

 classes  with  vegetation  covering  degrees  exc  eeding  or 

 undercutting   50％， later  referred  to  as ‘ Meadow  ＞

50’ and ‘ Meadow  ＜50 ’.  Covering  degrees  less  than 

5％  are included  in  class ‘ Gravel ’.  Elevation  data 

 with  a resolution  of 90   m from   Shuttle   Radar  top  ogra-

 phy  m easurem  ent （ SRTM ）  provided  by  the   Global 

 Land   Cover   Facil ity （ GLCF ） has  been  utilized.

 The   Na Mu Cuo  site  is  located  between  the   Lake 

 Na Mu Cuo  in  1  km  distance   NW ， and  a  NEE- SW  W ori-

 ented  m ountain  range  peaking  5 700   m above  sea  l  evel 

（ asl ） in  15   km  distance   SSE （ see   Fig.1 a ， Plate Ⅹ）.

 The  m easurem  ent  itself  is  located  on  a level  pl  ane ，
 dom  inating  land  use  class  is   Meadow  ＜50.  Anoth er

 sm  all lake  is located   150   m  NW  ofthe  tower stret  ching 

 NE - SW  for 2  km （ Fig.3 a ， Plate Ⅺ）. 80   m  W of  the 

 m easurem  ent the  station  building ，40   m and   80   m  NE 

 a  30   m profile tower and  a containerfor trace  ga  sm eas-

 urem  ents are established.

 The   Everest  m easurem  ent  is  located  in  a strung -

 outvalley  inclining  from   SW  to   NE （ see   Fig.1 b ， Plate 

Ⅹ） with a steep  slope  ascending  no  furtherthan   30 0 m

 N of  the  tower （ Fig.3 b ， Plate Ⅺ）.  The  dom  inating 

 land  use  type  is  Meadow  ＞50 ， sm  all patches  of har-

 vested  grain fields are located   70   m  N and   SE ， whereas 

 an  unpaved  road  passes  in   E- W direction   60   m  Sof  the 

 m easurem  ent.  Beyond  the  road ， a sm  allvillage  stretc-

 hing   E is attached  to the   SE  grain  field.

 Both  sites  are equipped  with  a  CSAT3   sonic  ane-

 m om  eter  for  three  wind- speed  com  ponents and  a  ir tem  -

 perature m easurem  entand  a  LI- COR  7 500   gas  ana  ly-

 zer  for   H 2  O and   CO 2  concentrations.  The  m easurem  ent 

 height is  3  m ， both  devices  working  with  a sam  pling 

 frequency  of 10   Hz.  Forexactlocations ， utilized  m eas-

 urem  entperiods and  sensor  alignm ent see   Tabl  e  1.

 The  first  step  of  data  processing ， the  quality 

 check ， is based  on  the  analysis of high- frequency  raw 

 data.  Therefore the  signals of  the  vertical an  d longitu-

 dinal  wind  com  ponents ， sonic  tem  perature  and   H 2O

 and   CO 
2
- concentrations  were used.  This  task  can  be 

 divided  in  three  parts ： prelim inary tests ， raw  data cor-

 rections and  test  on  fulfillm ent of EC  assum pt  ions.  All 

 three  parts plus  the  calculation  of  the  fluxes  after  cor-

 rection  were  carried  out  using  the   Software   Pa  ckage 

 TK2  developed  by  the  departm entof Microm  eteo  rology ，
 University of  Bayreuth ［9］.
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 Table  1　 Site  Characteristics ， coordinates  for  ellipsoid  W GS84 

 Top ic  Feature   Site  Na Mu Cuo   S ite  Everest 

 Measurem ent   Lati tude ［°］

 Longit ude ［°］
 Elevat ion above sea level ［m］

 Period ［ YYYY  / MM  / DD - MM  / DD ］

30.77281 

90.96302 

4745 

2005 /09/11-11 /02 

28.31027 

86.89597 

4475 

2005 /10 /28-11 /27 
 Inst rum entalignm ent   Angle （ CSAT3 /north ）［°］

 Angle （ LI- COR  / north ）［°］
 Horizon taldi spari ty （ Csat- Licor ）［m］

135 

165 

0.35 

180 

192 

0.15 
 Assigned roughness 

 length ［m］

 Meadow （ plantcoverage ＞50％）
 Meadow （ plantcoverage  5％  －50％）
 Lake 

 Buil ding 

 Cult ivated land （ harvested ）

 Street 

0.01 

0.01 

0.002 

0.5 

－

－

0.03 

0.01 

－

0.5 

0.002 

0.002 

　　 Prelim inary tests include  a check  for  consi  stency 

 lim its ， the  raw  data is checked  forphysically notposs i-

 ble values ［9］， and  a spike  test ［10］.  Values  fail ing  those 

 tests were om  itted ， no  gap  filling  took  place.

 Raw  data corrections were applied  in  the  follo  wing 

 order ： Cross  correlation  to m axim ize  covariances  of  gas 

 concentration  and  vertical  wind  signals and   C  orrection 

 of spectral  loss ［11］， Cross  wind  correction  of  the  sonic 

 tem  perature ［12］， Conversion  of  the  buoyancy  flux  into 

 sensible  heat  flux ［13］， Correction  for  density  fluctua-

 tions ［14 ～17 ］.

 The  quality  tests  consist  of  a stationarity  te st［5］

 and  a test on  fulfillm entofthe  integralturbu  lence  char-

 acteristics （ ITC ）［4，5］  for each  flux.  For the  stationarity 

 tests ， the  30- m inute covariances oftwo raw  data sign  als 

 were com  pared  with  the  m ean  out of  six   5- m inute  co-

 variances  from  the  sam  e interval.  Quality  fla  gs  for  sta-

 tionarity were then  assigned  to each  half- hou  rly flux  ac-

 cording  to  the  range  of  deviations  found  betwe  en  both 

 values （ Table  2 a ）.  ITC  are basic  sim ilarity  character-

 istics  ofatm ospheric turbulence  and  indicat  e whetheror 

 notthe  turbulentflow  field  is fully develope  d.  The  de-

 velopm ent ofturbulence  was  investigated  by  c  om  paring 

 the  norm alized  standard  deviations  of  the  m ea  sured 

 wind  com  ponents and  tem  perature with  theoret  ical  val-

 ues ［18 ～20 ］.  Since  no  form ulations  at  all exist  for   CO 2

 and   H 2 O and  the  tem  perature underneutralcondition s，

 the  investigations  of   ITC  are restricted  to  ve  rtical  and 

 horizontal wind  com  ponents and  the  tem  peratu  re under 

 stable and  unstable stratification.  Quality  flags  foreach 

 half- hourly  flux  were assigned  according  to  t  he  sam  e 

 deviation  range  between  m easured  and  m odeled  values 

 as  taken  for  the  stationarity test （ Table  2 a ）.  The  final 

 half- hourly  quality  flag  for  a specific  flux  w  as  assigned 

 by  taking  into accountboth ， quality flags forstationari-

 ty and   ITC （ Table  2 b ）.

 For  the  calculation  ofthe  fluxes  with   EC  the  m e an

 verticalwind  com  ponent m ust  be  zero.  However  in  re-

 ality ， due  to a variety offactors ， such  as  flow  distortion 

 or  local  topography ， the  half hour  values  never  fulf ill 

 this presum ption.  In order  to approach  the  m ea  n verti-

 calwind  field  towards this criteria ， Planar  Fit Rotation 

 procedure ［2 1］  is applied.  This procedure often  succeeds 

 in  realigning  the  wind  field  in  such  a m anner ， thatthe 

 m ean  verticalwind  is close  to  zero ， providing  that  the 

 unrotated  m ean  verticalwind  speed  is below  th  e thresh-

 old  of  ｜35   cm   / s ｜［3，5］.  Therefore ， in  addition  to  the 

 quality flags  of  the  individual  fluxes ， this threshold  is 

 used  to determ ine  the  influence  ofthe  localfl  ow  field to 

 the  m easurem  ents.

 In the  second  step  of data  processing ， the  spatial 

 contextofthe  quality flags  and  the  unrotated  and  rota-

 ted  vertical  wind  field  is  determ ined  applyin  g a foot-

 printm odelto the  quali ty results above.

2621 　　　　　　　　　　　　　　　　　地球科学进展　　　　　　　　　　　　　　　　　　　　第 21卷



 Table  2　 Classification  schem  e for  stationar  ity and  steady  state test ［4］
（a），

 overallflag  schem  e ［3］
（b）

 Class   Range 

1 0-15％
2 16％ -30％
3 31％ -50％
4 51％ -75％
5 76％ -100％
6 101％ -250％
7 251％ -500％
8 501％ -1000％

 a  9 ＞1000％

 steady  state 

（ flag ）

 integral turbu lence 

 characteris tic 

（ flag ）

 Final 

 fl ag 

1-2 1-2 1 

1-2 3-4 2 

3-4 3-4 3 

3-4 5-6 4 

 b  5-9 7-9 5 

　　 A footprint  function  relates  individual  fl  ux  and 

 concentration  m easurem  ents  of  a quantity  to  i ts

 sources ［22］.  In  this  study ， a  Lagrangian  stochastic 

（LS） forward flux  footprintm odel ［6，23］  is used  to define 

 the  footprints  of  individual  m easurem  ents.  T  he  m odel 

 resolves  individualpaths  of 5 ×10 4  air parcels using  a 

3 D LS  tra jectory m odel ［24］  to  describe  the  parcel  dis-

 persion  in  the  turbulent flow  field.  For  sim ul  ations  the 

 air parcels  are released  from  the  height  equal  to  the 

 roughness  length and  their dispersalin the  su  rface  layer 

 is followed  until the  upwind  distance  account  s for  at 

 least 90％  ofthe  totalfootprint.  Dim ensions o  fan  indi-

 vidualfootprintdepend  on  m easurem  entheigh t， stabili-

 ty  of  stratification  and  aerodynam  ic  roughne  ss  of  the 

 fetch.  Because  of  relatively  long  com  puting  t  im es  of 

 stochastic  footprint  m odels ， the  source  areas  are pre-

 calculated  separately for  set  of 21   stability  classes ，20

 roughness  lengths  and   28   observation  heights ［2］.  Be-

 sides  the  forenam  ed  three  param  eters ， wind  direction  is 

 the  only input param  eter  left for  a spatial  all  ocation  of 

 the  quality  flags  and  the  vertical  wind  field ， later  re-

 ferred  to  as ‘ quality  features ’.  Allm eteorological  in-

 put  param  eters （ stabili ty  class ， wind  direction  and 

 friction  velocity ）  are withdrawn  from  the  first  step  of 

 the  data processing.  The  roughness  length  ofs  urround-

 ing  terrain  is provided  as  a rectangular  m atri  x with  reg-

 ular  grid  spacing  of   20  ×20   m covering   16   km 2， de-

 rived  due  to assigning  a fixed  roughness  lengt  h value  to 

 each  ofthe  land  use  classes （ Table  1 ）.

 To  determ ine  the  so  called ‘ footprint  clim atolo-

gy’［25］， i.  e .  the  characteristic  source  of  long  term 

 m easurem  ents ， it is necessary to  overlay  the  footprints 

 ofindividualm easurem  ents.  This is done  by  as  signing 

 a contribution  factor  for  each  halfhourm easu  rem  entto 

 each  cellofthe  m atrix.  For  every cellthe  cont  ribution 

 factor  is greater  than   0％， additionally  the  flag  of  the 

 corresponding  quality features  for  each  half  hourm eas-

 urem  ent are stored.  Due  to  accum ulating  all co  ntribu-

 tion  factors of  one  specific  cell for  a certain  m easure-

 m entperiod ， the  overall contribution  ofthis cell to  the 

 m easurem  ent  can  be  determ ined.  By  calculatin  g the 

 m edian  of  all flags  of  one  quality  feature assi  gned  to 

 one  cell during  this  period ， the  dom  inating  quali ty  of 

 this cell can  be  calculated.  Additionally ， the  outputis 

 accessible for  the  three  stability  classes  un  stable （ z / L 

＜ －0.0625 ），  neutral （－ 0. 0625  ＜  z / L ＜
0.0625 ）  and  stable （ z / L ＞ 0. 0625 ）  separately ，
 where z  is the  m easurem  ent height and L  the   Obukhov 

 length.  This  option  enables  for  a quality  asse  ssm  ent 

 due  to stratification.  Interpolating  the  m at  rices  ofaccu-

 m ulated  contribution  factors on  an  arbitrary  level up  to 

100％  originates  the  so  called  effectlevelrin gs， which 

 are later  shown  on  the  m aps  as  white  contour  lin es

（ Fig.3 a ，b； Fig.4 a ，b， Plate Ⅺ）.  The  extend  of  the 

5％  effect  level  ring  is  regarded  as  the  m axim um  ex-

 tend  signif icantly influencing  the  m easurem  ent quality ，
 later  referred  to  as ‘ central  footprint ’.  Only  quality 

 ratings  lying  within  this extend  are taken  int  o account 

 for  statem  ents  on  the  actual  m easurem  ent  qual  ity.

 Quality  ratings  beyond  this  lim it ， later  referred  to  as 

‘ extended  footprint ’， m ightstillrevealdisturbances  of 

 the  localflow  field ， buthave  to be  evaluated  carefully ，
 since  the  num bers ofm easurem  ents for  calcula  ting  sta-

 tistics  is decreasing  with  distance.
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3　 Results 
 The  wind  direction  shows clear  diurnal  cycles  for 

 both  ofthe  sites.  In case  of   Na Mu Cuo （ Fig.2 a ， Plate 

Ⅹ）  general  dom  inating  wind  direction  is   SE  with  a 

 shiftto  SW  during  noontim e.  Further ， two subsets can 

 be  detached ， a period  from   09 /25   to  10 /01   which ， de-

 spite the  diurnalcycle ， m erely shows  SE  directions and 

 another period  from   10 /13   to  10 /18   displaying  dom  ina-

 ting   S directions.

 For  the   Everest site ， dom  inating  wind  direction  is 

 SW  with  a transition  to   NE  during  noontim e （ Fig.2 b ，
 Plate Ⅹ）.

 At the   Na Mu Cuo  site ，4. 1％  of  all  half  hour 

 m eans of the  unrotated  vertical  wind  speed  exc  eed  the 

 threshold  of  ｜35   cm   / s｜.  A huge  sector  of  upwind  val-

 ues  exceeding  the  m edian  of  ｜15   cm   / s ｜ is locate  d in 

 the   W and   SW  of  the  m easurem  ent （ Fig. 3 a ， Plate 

Ⅺ）.  Further ， two opposite narrow  sectors in  the   NNE 

 and   SSE  indicate downwind   /  upwind  values  exce  eding 

 the  m edian  threshold.  Best  sector  regarding  t  he  elim i-

 nation  ofthe  verticalwind  speed  forhalfhour  s m eans is 

 SE.  Due  to coordinate rotation   E and   SW  areas  do  not 

 surpass  the  m edian  of  ｜15   cm   / s ｜ anym  ore ， the  down-

 wind  sector  in  the   NNE rem  ains.

 Measurem  ents  at  the   Everest  site  exceed  the 

 threshold  of  ｜35   cm   / s ｜ for   29.9％  of  the  unrotat ed

 vertical  wind  speed  half hour  m ean  values （ Fig.2 c ，
 Plate Ⅹ）.  Dom  inating  upwind  direction  is  NE  during 

 noontim e with  two  additional  narrow  sectors  N  and   E 

（ Fig.3 b ， Plate Ⅺ）.  Downward  air  m ovem  ent  is  re-

 stricted  to the   SW  sector  and  an  additionalnar  row  sec-

 tor  in  the   SE ， occurrences  exceeding  the  threshold  of  ｜
35   cm   / s｜ are alm ost restricted  to afternoon  an  d evening 

 tim e （ Fig.2 c ， Plate Ⅹ）.  For  the   Everest site ， coordi-

 nate rotation  leads  to  a reversal  of  the  absolu  te  values 

 ofverticalwind  speed  and  a better leveling  fo  r unrotat-

 ed  upwind  values （ Fig.2 d ， Plate Ⅹ）.  Noontim e m eas-

 urem  ents  rarely  exceed  the  threshold  of  ｜5   cm   / s｜，
 whereas  for  the  rest  of  the  daytim e values  do  no  m ore 

 exceed  the  threshold  of  ｜35   cm   / s｜.

 For  further  quali ty  assessm  entresults ， figures  are 

 only presented  where denom  inated ， othercases  are dis-

 cussed  withouta figure related.

 In accordance  with  the  distribution  ofthe  win  d di-

 rection ， the  central footprintat Na Mu Cuo  site  is om  ni-

 directionalwith  its centre shifted   40   m from  t  he  tower 

 in   SE  direction ， resulting  especially  from  neutral  and 

 stable m easurem  ents （ Fig.4 a ，b， Plate Ⅺ）.  The  over-

 all quality  flag  for  the  m om  entum  flux  is  2 ， whereas ，
 especially  during  stable  conditions ， the  central  foot-

 printtouches  a large  sector  ofbad  quality fla  gs  rating  4 

 SE  ofthe  tower （ Fig.4 b ， Plate Ⅺ）.  The  sensible heat 

 flux  during  unstable  stratification  is rated  with   2 ， dur-

 ing  stable stratification ，3  is the  dom  inating  flag ， buta 

 large  sectorin the   Sis rated   4  and   5.  Overallra  ting  for 

CO
2
 flux （ Fig.4 a ， Plate Ⅺ）  and  latent  heat  flux  is 

 quite sim ilar  and  a nearly perfect 1.  Especial  ly for  sta-

 ble stratification  both  fluxes  show  the  sam  e s  ector rated 

3  like  the  sensible  heat  flux ， em  phasized  for  the   CO 
2

 m easurem  ent ， butno  worse  sectors in   SE  and   S.  The 

 extended  footprint  shows  SE- NW  and   SW  - N trans  ects 

 of  worse  than  average  quality  flags （ Fig.4 a ，b， Plate 

Ⅺ）， which  are ， in  differentdegrees ， indicated  for  all 

 fluxes  and  allstratifications.  Detailed  inv  estigation  ofa 

 data subsetforthe   SE  wind  sectorperiod  from   0 9 /25   to 

10 /01 （ later  referred  to as   SE  wind  sector period ） has 

 shown that  for   CO 2  m easurem  ent  8％  of  all half hour 

 m eans in the   SE  sectorare flagged   5 ， com  pared  to  2 ％
 ofall half hour m eans  in  all other  directions.  Thereby 

93％  of the  values  in  the   SE  sector  failed  due  to  s  ta-

 tionarity criteria ， the  rem  aining   7％  due  to the   ITC .

 For  the   Everest  site ， due  to  the  two  dom  inating 

 wind  directions ， the  central  footprint  is  aligned  in  a 

 SW  - NE  corridor  with  its  centre at  the  tower  and  ex-

 ceeds 50   m only forthe   SW  sector （ Fig.3 b ， Plate Ⅺ）.

 Due  to  the  tem  poral  distribution （ Fig.2 b ， Plate Ⅹ），
 the   SW  sector  is  slightly  dom  inating.  The  m om  e  ntum 

 flux  m easurem  ent shows an  overall quality  rat  ing  of   2 

 with  only few  occasions ofquality flag   4  in  the  Ssector 

 during  stable  stratif ication.  The  sensible  h  eat  flux 

 shows quality flags  rating  as  good  as  2  only for  the   NE 

 sector  during  unstable stratification ， whereas  the  quali-

 ty flags  for the   SE  sector are flagged   4  or m ostl  y  5  dur-

 ing  stable and  unstable stratification  due  to  the   ITC  cri-

 teria.  The  latent heatflux  shows a flawless  ra  ting  of 1 ，
 as  for  CO 

2
 flux ， the  quality rating  is dom  inated  by  flags 

1  for  the   NE  and   3  for  the   SE  sectors.  For  allflux es，
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 worse  than  average  flags  are assigned  for  the  e  xtended 

 footprint in  a  NW - SE  transect  due  to  the  statio  narity 

 criteria.

4　 Discussio ns 
 In case  of   Na Mu Cuo ， winds  from  the  m ountain 

 range  aligned   NEE  to   SW  W  in  the   S of  the  m easure-

 m ent （ Fig.1 a ， Plate Ⅹ） lead  to  SW  to  SE  wind  direc-

 tion.  Partofthe  diurnalcycle m ightbe  descri  bed  by  an 

 interaction  of catabatic and  land- lake  wind  e  ffect.

 At the   Everest  site ， the  wind  direction  is  clearly 

 related  to  topography （ Fig.1 b ， Plate Ⅹ）.  Catabatic 

 wind  leads  to   SW  directions  for  the  tim e of  low  o  r no 

 solar  radiation ， whilst  anabatic  wind  during  noontim e 

 causes   NE directions.

 Regarding  influence  of  local  topography  on  th e

 m easurem  ents ， the  situation  at Na Mu Cuo  site ， with on-

 ly  4.1％  ofallhalfhour m eans ofthe  unrotated  v  ertical 

 wind  speed  exceeding  the  threshold  of  ｜35   cm   / s ｜， can 

 be  described  as  com  paratively good.  The  upwin  d sector 

 in  the   W and   SW  of  the  m easurem  ent （ Fig.4 a ， Plate 

Ⅺ） can  be  explained  by  the  station  building  locat  ed   80 

 m  W of  the  m easurem  ent and  the  two solar  panels i n-

 stalled  in  the   SW  .  Moreover ， the  narrow  upwind  sector 

 in  the   SSE  can  be  explained  by  flow  distortion  d  ue  to 

 the   LI- COR  gas  analyzer  located  in  this  sector .  The 

 narrow  downwind  area  in the   NNW  exceeding  the  m  edi-

 an  threshold  of  ｜15   cm   / s｜ can  not be  attributed  to  the 

 local  topography ， which  is  contraindicating （ Fig.3 a ，
 Plate Ⅺ）.  This  sector  even  rem  ains  after  coordinate 

 rotation ， which  otherwise  leaves  no  m ore sectors sur-

 passing  this threshold.

 For  the   Everest  site ， with   29.9％  of  all the  half 

 hour  values  exceeding  the  threshold  of  ｜35   cm   /  s｜ for 

 unrotated  vertical  wind  speed ， the  fluxes  determ ined 

 from   EC  results m ost  be  treated  carefully.  Upw  ind  ex-

 ceeding  the  threshold  of  ｜35   cm   / s  ｜ is  approach  ing 

 from   N where a steep  slope  is  located  within  the  ex-

 tended  footprint （300   m ）.  During  noontim e ， the  ana-

 batic  wind  deriving  from   NE  directions  is  defl  ected 

 here.  As a consequence  of  the  created  pressure ， the 

 air is expanding  not  only  horizontally  but ver  tically  as 

 well ， which  leads to an  upward tendency.  This tenden -

 cy  is intensified  by  a sm  all ridge  of 30   cm  heigh  t that 

 elevates  the  m easurem  ent  against  the  surface  in   N.

 Downward air m ovem  ent in  the   SW  sector  can  be  at -

 tributed  to the  catabatic  wind  m oving  down the  gentler 

 slope  on  the   SW  of  the  tower  on  a large  stretch.  T  his 

 directly  effects  the  m easurem  ent  located  on  a  slightly 

 towards   NE  declined  plane.  Local  topography  e  ffects 

 can  notaccountforthe  high  verticalwind  valu  es  on  the 

 NW - SE  stretch.

 For  the  quality  assessm  ent at   Na Mu Cuo  site ， re-

 duced  quality sectors in  the  centralfootprin  tfor  allflu-

 xes  under  all strati fications  intersect  with  the   SE- NW 

 and   SW  - N transects  of  reduced  quality  seen  fro  m the 

 extended  footprints （ Fig.4 a ，b， Plate Ⅺ）.  Bad  ratings 

 in  the   N and   SW  sector  can  explained  by  flow  dist  or-

 tion ： the  m ast holding  the  installation  is located   N  from 

 the  sonic and  the   SW  sector  bears two  1  m high  sol ar

 panels  installed   10   m from  the  m easurem  ent.  In  the 

 SE- NW  sector  of  reduced  quality  no  obstacles  i  n the 

 fetch  ofthe  m easurem  entcan  be  found.  As for th  e  NW 

 sector ， the  increased  values  of the  vertical  wind  spee d

 persisting  the  coordinate rotation  m ightacc  ountfor part 

 of  the  failure of  the  quality  assessm  ent  crite  ria.  This 

 leaves  at  least  the   SE  sector ， with  an  alm ost  perfect 

 levelfetch  and  hence  the  best  flow  direction  r  egarding 

 the  vertical  wind  speed ， but  nevertheless  bad  quality 

 ratings.  Here ， detailed  investigation  of  the   SE  wind 

 sector  period  has  shown  that  for  the  discussed  period 

 four tim es  m ore values  ofthe   CO 
2
 flux  are flagged   5  for 

 the   SE  sector  com  pared  to  all other  directions ， nearly 

 allofthem  due  to instationarity.  Recalling  t  he  factthat 

 the  quality flag  assigned  to one  cellisthe  m ed  ian  ofall 

 m easurem  ents with  any  contribution  factor  li  ttle  higher 

 than   0％  em  phasizes  the  significance  of  this su  bset  a-

 nalysis  with  throughout  higher  contribution  s.  These 

 findings  give  way  to  the  hypothesis ， that  the  instation-

 arity  is  not  caused  locally  but  due  to  m esoscal  e flow 

 patterns  of  the  further  environm ent ， including   Lake 

 Na Mu Cuo  and  the  m ountain  range  in   15   km  distanc e

 SSE .

 For  the   Everest  site ， the  few  occasions  of quality 

 flag   4  in  the   S sector  during  stable stratif ica  tion  for the 

 m om  entum  flux  can  be  ascribed  to flow  distorti  on  lead-

 ing  from  the  roughness  step  between  the  grain  f  ield  and 

 the  village.  The  bad  quality  of  the  sensible  he  at  flux 
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 m easurem  ents for  the   SE  sector  due  to  failing  t  he   ITC 

 criteria can  be  explained  by  heatem  ission  fro  m the  vil-

 lage ： Since  the   ITC  are a test on  the  stochastic  distr i-

 bution  ofturbulence  elem  ents ， the  test  m ust failif or-

 ganized  structures occur.  In the  presentcase ， these  or-

 ganized  structures  m ight be  therm al  eddies  in  duced  by 

 heat em  ission  from  the  village.  As for   CO 
2
 flux ， the 

 slightly decreased  quality  rating  for  the   SE  s  ector  can 

 be  assigned  to disturbances  due  to  the  village  as  well.

 Disturbances  due  to the  road  m ightbe  wiped  out  by  the 

 village ， since  there is  no  line  transect  quality  featur e

 visible  in  any  of  the  fluxes  and  stratificatio  ns.  W orse 

 than  average  flags  assigned  for the  extended  f  ootprintin 

 a  NW - SE  transect  are due  to  failure of  the  stati  onarity 

 criteria.  Since  the  vertical  wind  evaluation （ Fig.3 b ，
 Plate Ⅺ） shows disturbances  for  only  part of  the  dis-

 cussed  transect ， this pattern can  not be  solely  accoun-

 ted  to  local  effects.  Further ， no  instrum ents  were a-

 ligned  in  these  directions ， which  arises  the  question ，
 whether  organized  structures  are superim pos  ed  rectan-

 gular  to the  generalflow  field.

5　 Conclu sio ns 
 The  procedure applied  enables  for  a quality  as -

 sessm  ent  that  has  proofed  substantially  nece  ssary  for 

 both  of  the  sites  investigated.  Optim um  and  di  sturbed 

 fetch  characteristics  have  been  determ ined  d  ue  to  the 

 analysis of  the  unrotated  vertical  wind  com  po  nent ，as

 well as  basic  assum ptions  underlying  the   EC  m e  thod 

 have  been  checked  for allfluxes  investigated .  An indi-

 cation  for  possible reasons allows for  the  am  e  ndm entof 

 the  m easurem  entlayoutas  wellas  itindicates  the  lim its 

 of EC  m easurem  ent technique.

 Analysis ofthe  unrotated  verticalwind  field  forthe 

 Everest site have  shown ， thatapproxim ately  1/3  ofthe 

 m easurem  ents  do  not  fulfill the  assum ptions  n  ecessary 

 for  a physically correctprocessing  ofthe  dat  a.  Thissig-

 nificantly  decreases  the  overall representa  tivity  of  the 

 calculated  fluxes  and  dem  ands  special  cautio  n in  utili-

 zing  the  results.  That said ， the  m easurem  ents oflatent 

 heat ，CO 2  and  m om  entum  flux  at  both  sites  fulfill the 

 tests for   ITC  and  stationarity  to  an  extend  tha  t the  re-

 sults can  be  regarded  as  suitable  for  fundam  en  tal  re-

 search.  At this pointitm ust  be  recalled ， that  no   ITC 

 criteria can  be  applied  to the  m easurem  ents of CO
2
 and 

H
2
O， which  consequently  leads  to  a com  paratively 

 good  estim ation  of  the  flux  quality.  Special  c  are shall 

 be  applied  to the  utilization  ofthe  sensible h  eatflux  re-

 sults at both  sites ， which  was ， for  stable  and  unstable 

 conditions ， rated   1  to  2  flags  worse  than  the  other  flu-

 xes.  Further ， for  allfluxes  atboth  sites  sectors under-

 lying  high  flow - distortion  were found.  Both ， sensible 

 heat flux  forthe  entire m easurem  entas  wellas  allother 

 fluxes  for  m easurem  ent periods heavily affec  ted  by  dis-

 turbed  sectors only  allow  for  the  usage  in  cont  inuously 

 running  m easurem  entprogram  s forobtaining  m  onthly or 

 annual  sum s of  fluxes.  To  refine  the  findings  o  f this 

 study  and  distinguish  periods  of  disturbed  an  d undis-

 turbed  m easurem  ents ， the  presented  approach  will be 

 applied  to the  entire available datasets ofbo  th  sites.

 Still ， few  indications  for  both  sites  are unsolved.

 Such  are the  diurnalcycle ofwind  direction  at  Na Mu C-

 uo  site  as  well  as  findings  of  transects  with  ve  rtical 

 wind  directions  contradicting  local  topogra  phy  or  bad 

 quality  ratings  due  to  instationarity  despit  e a flawless 

 fetch.  Regarding  the  com  plex  terrain  atboth  s  ites ， this 

 gives  way  to  the  hypothesis ， that  m esoscale  flow  pat-

 terns are superim posed  to （ Everest ）  or  even  dom  inate 

（ Na Mu Cuo ）  the  boundary  layer  circulation.  Conse-

 quentially ， fluxes  derived  from  pointm easurem  ents can 

 notbe  sim ply upscaled  forthese  areas.  The  app  lication 

 of a regional  atm ospheric  m odel ［26］， fed  with  training 

 areas  supplying  flux  data corrected  for  viola  tions  of EC 

 assum ptions ， can  help  to  reveal  possible  m esoscale 

 flow  patterns.  Therewith ， an  instrum entfor  proper are-

 alupscaling  of  energy  and  m atter  fluxes  can  be  crea-

 ted.
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利用步长模拟对青藏高原涡度方差测量法的质量评价

 S.  Metzger 1，马耀明
2
， T.  Markkanen 1

， M .  G ckede 3，李茂善
2
， T.  Foken 1

（1. University of  Bayreuth ， Departm ent of Microm  eteorology ， Bayreuth ， Germ any ；
2.中国科学院青藏高原研究所，北京　100085 ；

3. Oregon   State  University ， Departm entof  Forest Science ， Corvallis ， USA ）

摘　要：利用痕迹模拟方法对青藏高原两处地方涡度方差的测量数据进行了质量分析，揭示了其空
间和时间结构。分析表明高达 1 /3 的测量没有达到必要的数据正确假设。尽管这样对潜热、CO 2、
动量通量的测量基本通过测试，可以适用于基础研究，但是经常发现特定的风矢量违背基本假设条

件。感热通量的测量允许使用不间断的连续测量法，然而由于局地地形的影响少量评估指数未能
合理解释，但能够指示出组织结构及用于导出边界层中尺度流体模型假说。
关　键　词：痕迹气候学；质量评价；质量控制；青藏高原；中尺度
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