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"Washington	
  Governor	
  Chris5ne	
  Gregoire	
  declared	
  a	
  statewide	
  drought	
  emergency,	
  based	
  on	
  
extremely	
  low	
  snow	
  pack	
  in	
  the	
  mountains	
  and	
  record-­‐low	
  flows	
  that	
  were	
  seen	
  in	
  many	
  rivers	
  

across	
  the	
  state"	
  	
  

Low flow levels in the 
Columbia River, Washington Drought forecast Low water levels on Lake Powell
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Cumulative Balance 
Positive net balances measured at several of the index glaciers in 2010 resulted in a very minor 
increase in cumulative balance. However, the previous seven consecutive years of negative net 
mass balance for all four glaciers has driven cumulative balances deeply into negative territory 
(Figure 4). Since 1993, the cumulative balance for the four monitored glaciers has decreased 
between -11.11 m w.e. (Silver) and -8.25 m w.e. (Sandalee).  

 

Figure 4. Adjusted cumulative balance for each glacier by water year includes South Cascade (USGS). 
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Figure 5. Total summer glacier meltwater contributions for the four watersheds containing a glacier 
monitored by North Cascades National Park. 

Noisy and North Klawatti Glaciers Balance Adjustment 
Tracking glacial change via contour maps and digital elevation models (DEMs) are important 
components of this monitoring program. In 2010, corrections were made to the original maps and 
new maps were created for Noisy and North Klawatti glaciers (Figures 6 and 7). The original 
base maps were adjusted using improved spatial data resulting from surveyed benchmarks that 
were installed adjacent to Noisy Glacier in 2005 and adjacent to North Klawatti 2006 and 2008. 
Remapping of North Klawatti and Noisy glaciers hypsometry was based on aerial photographs 
taken in 2006 and 2009 and high precision GPS point data collected in 2006 and 2010.  

For more accurate and consistent mass balance results, the balance calculations were redone with 
this new information from both sets of new maps. From 1993-2000, Noisy and North Klawatti 
mass balance calculations were based on the corrected 1993/1996 maps. From 2001-2010, Noisy 
and North Klawatti mass balance calculations are based on the updated maps. 

Comparison between corrected 1993 maps and the new 2006/2009 maps indicate the area of 
North Klawatti Glacier decreased 6% in this period, while the area of Noisy Glacier was reduced 
by 14%. Net vertical lowering (thickness) change exceeded 60 m at the terminus of North 
Klawatti Glacier and 20 m on Noisy Glacier.  

Back-adjustment of data from 1993-2010 resulted in minor changes in cumulative balance and 
annual net balance. Cumulative balance decreased by -0.35 m w.e. on Noisy Glacier and 
increased by +0.01 m w.e. on North Klawatti Glacier.  
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Figure SI-1  Modern mean annual salinity in the western tropical Atlantic at 10 m water
depth and location of ODP 999A (12˚45’N, 78˚44’W; 2,827 m; 4 cm/ka sed. rate) and
VM28-122 (11.56˚N, 78.41˚W; 3,623 m; 4 cm/ka sed. rate during the Holocene and
LGM, 10 - 15 cm/ka sed. rate during the deglaciation).  Other cores discussed in the text
are also shown: Cariaco Basin core ODP 1002C, Tobago Basin core M35003-4 and
Ceara Rise core EW6209-1JPC.  Note the salinity contrast between the tropical Atlantic
and the eastern equatorial Pacific, reflecting regional differences in E vs P.
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