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Outline 
ÅProject Overview 

ÅQuestions / objectives 

ÅApproach 

ÅRegional climate model 

ÅReproduce current climate environment (temperature, rainfall, soil saturation) 

ÅPredict future conditions under different IPCC scenarios 

ÅRemote Sensing 

ÅGlacier and peatland landcover extent and change 

ÅRainfall (TRMM) 

ÅSurface observations 

ÅHydrology ς streamflow, water levels, water sources 

ÅMeteorology ς precip, temperature, RH 

ÅVegetation ς biodiversity, production, history 

ÅImpacts on pastoral agriculture 

ÅDrive future forage production with climate model outputs. 



 



 



 



 



 



 



Research Questions 

1. History: what is the recent landcover history of the region? 

Å Glaciers are already declining: is the rate constant or accelerating? 

Å Where are the bofedales, and are they already responding? 

 

2. Future: What may happen in coming decades, given likely climate 
change scenarios? 

Å What is current bofedale forage production? 

Å How will climate change affect future production? 

Å How sensitive is the hydrologic support to different future climate 
scenarios? 
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Inputs  

ERA-Interim global reanalysis: 

1. Radiation 

2. Humidity 

3. Temperature (air and soil) 

4. Soil moisture 

5. Winds 

6. SST 

Remote sensing estimates: 

7. Glacier extent (current) 

8. Glacier recession rate (projected based 

on observed historical trends) 

 

Outputs 

1-5 at the nested grid locations 

6. Precipitation amount and type 

7. Snow cover 

8. Cloud cover  

9. Surface runoff 

10. Evapotranspiration 

11. Surface latent and sensible heat fluxes 

12. Atmospheric latent heating 

13. Surface albedo 

Model 

1. NASA Unified WRF model ς test runs successful 

2. Test COAWST version, with interactive ocean model 

(Woods Hole) 

3. Test climate-WRF (CWRF, UMD-College Park). 

Select model with best simulations of mountain precip 

 

Modeling tasks 

1. Simulate present climate, 2003-2004 ENSO neutral wet 

season (DJF) to validate model set up and test glacier 

albedo feedbacks. 

2. Simulate 33%, 66%, and 100% of the CO2  value at 2033 

of the IPCC AR5 Representative Concentration Pathways 

(RCP) 8.5 scenario of Meinhausen et al. (2011). 

Regional Climate Model 

Modeling Grid 

Spatial resolutions: 27, 9, 3 km 

Vertical resolution: 61 layers 

Temporal resolution: 

 With 2 outer nests running:  

  Dt = 36 and 12 seconds 

 With 3 nests running:             

  Dt = 3.6, 1.2, 0.4 seconds 

 

d1 

d2 

d3 



ERA-Interim WRF Simulated 

H 

NASA WRF ς Validation Exercises 
 
 

250 mb winds 



NASA WRF ς Validation Exercises 
 

 
 

Simulated 3 km convection / precipitation 



Glacier Extent & Recession 

ÅDetailed studies of a handful of individual glaciers by 
glaciologists (mass balance, etc) 

ÅNo consistent region-wide study of extent or change 

ÅObstacles 

ÅNeed dense data archive 

ÅOrthorectification required for change detection 

ÅGlaciers small in size, but spread out over large area (1500 km north-
south) 

ÅConfusion between snow and glacier and cloud 

ÅConfusion in topographic shadows 

ÅComplications of varying solar illumination 



Glacier analysis approach 

ÅAnalyze glacier extent at ~10-year epochs:  

Åmid 1970s ς Landsat 1/2/3 MSS 

Åmid 1980s, mid 1990s, mid 2000s ς Landsat 4/5/7 TM 

Å2013 ς Landsat 8 OLI ? 

Å2+ dates per epoch, manually selected for: 

ÅMinimum snow/apparent glaciers/cloud 

ÅDifferent years: glacier = minimum common extent within epoch 

ÅUnsupervised classification: 1980s, mid-2000s. 

ÅSVM with unsupervised results as training 

ÅMore easily use additional dates 

ÅReclassify 1980s, 2000s 

ÅAdd 1990s, 2013, 1970s (?) 

ÅConservative aggregation and change rules 

ÅValidate with high resolution imagery 



















Landsat MSS: extend to 1970s 

ÅLimitations 

ÅMore difficult to manually assess snow vs glacier cover at 80 m 
resolution 

ÅLess dense image archive 

ÅPreliminary study comparing coincident TM vs MSS 
classification results for early 1980s showed comparable 
results 

ÅUseful estimate where sufficient data available 





Validation 

ÅField visits 

ÅDifficult, expensive, and limited ability to assess outside 
point locations 

ÅHigh resolution commercial imagery 

ÅAllows quick manual assessment of accuracy 

ÅQuantitative assessment requires good orthorectification 

Å9ȄǇŜƴǎƛǾŜΧΦŜȄŎŜǇǘΥ 

ÅGoogle Earth 

ÅCRSSP (Commercial Remote Sensing Space Policy) acquired 
imagery from USGS or NGA 



Huayna Potosi, Cordillera Real, Bolivia 



Huayna Potosi, Cordillera Real, Bolivia 



Huascaran, Cordillera Blanca, Peru 



Results:  
c1987 ς c2006 
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Summary 
 
Å  All glaciers receded 
Å  Total area 2,500 km2  Ҧ 1,800 km2 

Å  ~28% area loss in 20 years 
Å  Differences associated with elevation and aspect. 



Bofedale Extent 

ÅWhere are they?? 

ÅNo existing regional maps of bofedale extent 

ÅLimited maps from local studies 

ÅApproach 

ÅElevation and NDVI thresholds 

ÅIdentify areas that maintain greenness throughout dry season 

ÅDifferentiates from dryer grasses and annual vegetation 

ÅIndicates suitable dry-season pasturage 

ÅLandsat: monthly dry-season images (May ς October) 

ÅCurrently evaluating: 

ÅConstant NDVI-based threshold 

ÅSVM approach trained with data from conservative thresholding 

ÅValidation: field sites, and high resolution imagery 

 

 



June 2005 



July 2005 



Bofedale extent: 
1980s 



Bofedale extent: 
1990s 



Bofedale extent: 
2000s 



Mesoscale Meteorology 

ÅBoring area meteorologically, dominated by small 
storms. Poorly studied. 

 

ÅTRMM: reasonable approximation of precipitation 
distribution (if overpredicting raw amounts). 

ÅPrecipitation that does fall currently is ideal for 
maintenance of the bofedales: light and frequent. 

ÅChange to heavy and less frequent might be 
disastrous for bofedales 



Seasonal 
Rainfall: 

TRMM 3B43 

ÅWhite contour = 3000 
m elevation 

ÅHeaviest rainfall is east 
of 3000 m contour. 

ÅLonger wet season in 
Tuni (T) than Sajama 
(S) 

 

’TRMM appears to be 
reasonable 
approximation of 
regional precipitation 

Jan Apr 

Jul Oct 


