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Lb!w/I ²ƻǊƪǎƘƻǇ {ǘŀǘŜƳŜƴǘ нлнм

Å²Ŝ ƘŀǾŜ ŎƻƳǇƭŜǘŜŘ ƻǳǊ tƘŀǎŜ м {ŎƛŜƴŎŜ tƭŀƴ ŀƴŘ ƘŀǾŜ ŀ ǎǳƛǘŜ ƻŦ ǿŜƭƭπƛƴǎǘǊǳƳŜƴǘŜŘ 
ǊŜǎŜŀǊŎƘ ōŀǎƛƴǎΣ ƘƛƎƘπǊŜǎƻƭǳǘƛƻƴ ŦƻǊŎƛƴƎ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŘŀǘŀǎŜǘǎΣ ŀƴŘ ŀŘǾŀƴŎŜŘ ǎƴƻǿŘǊƛŦǘπ
ǇŜǊƳƛǘǘƛƴƎ ŀƴŘ ƎƭŀŎƛŜǊπǊŜǎƻƭǾƛƴƎ ƘȅŘǊƻƭƻƎƛŎŀƭ ƳƻŘŜƭǎ ǘƘŀǘ ŀǊŜ ŜȄŜƳǇƭŀǊǎ ƻŦ LƴǘŜƎǊŀǘŜŘ IƛƎƘ 
aƻǳƴǘŀƛƴ hōǎŜǊǾŀǘƛƻƴ ŀƴŘ tǊŜŘƛŎǘƛƻƴ {ȅǎǘŜƳǎ όLIaht{ύΦ

Å²Ŝ ƘŀǾŜ ǳǎŜŘ ǘƘŜ LIaht{ ǘƻ ƛƳǇǊƻǾŜ ƻǳǊ ǎŎƛŜƴǘƛŦƛŎ ǳƴŘŜǊǎǘŀƴŘƛƴƎΣ ŀƴŘ ŜǾŀƭǳŀǘŜ ƻōǎŜǊǾŜŘ 
ŎƘŀƴƎŜǎΣ Řŀǘŀ ŀƴŘ ƳƻŘŜƭǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘΦ  ¢ƘŜ ƳƻŘŜƭǎ ŀǊŜ ōŜƛƴƎ ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ 
ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ ǘƘŜ ƘƛƎƘ Ƴƻǳƴǘŀƛƴ ŎǊȅƻǎǇƘŜǊŜ ŀƴŘ ƘȅŘǊƻƭƻƎȅ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ

Å²Ŝ ƴŜŜŘ ǘƻ 
ÅǇǊƻǾƛŘŜ ŎƻƳƳƻƴ ŀƴŘ ŀǊŎƘƛǾŜŘ ƻōǎŜǊǾŀǘƛƻƴǎ ŦƻǊ ōŀǎƛƴ ŘƛŀƎƴƻǎƛǎ ŀƴŘ ƳƻŘŜƭƭƛƴƎ ǘƘǊƻǳƎƘ ŀ /ƻƳƳƻƴ 
hōǎŜǊǾŀǘƛƻƴ tŜǊƛƻŘ 9ȄǇŜǊƛƳŜƴǘ ό/ht9ύΣ 
ÅŜƴƘŀƴŎŜ ōŀǎƛƴ ƻōǎŜǊǾŀǘƛƻƴǎ ǿƛǘƘ ƴƻǾŜƭ ŀƴŘ ƳƻǊŜ ǎŜƴǎƻǊǎΣ 
ÅLƳǇǊƻǾŜΣ ŘƻǿƴǎŎŀƭŜ ŀƴŘ ŎƻǊǊŜŎǘ ŀǘƳƻǎǇƘŜǊƛŎ ŦƻǊŎƛƴƎ ŘŀǘŀǎŜǘǎ ǳǎƛƴƎ ōŀǎƛƴ ƻōǎŜǊǾŀǘƛƻƴǎΣ 
ÅŘŜǾŜƭƻǇΣ ƛƳǇǊƻǾŜΣ ŎƻƳǇŀǊŜΣ ŀƴŘ ŀǇǇƭȅ ƳǳƭǘƛǎŎŀƭŜ ƘƛƎƘπŦƛŘŜƭƛǘȅ ŎǊȅƻǎǇƘŜǊŜπƘȅŘǊƻƭƻƎƛŎŀƭπǿŀǘŜǊ 
ƳŀƴŀƎŜƳŜƴǘ ƳƻŘŜƭǎ ǘƻ ǊƛǾŜǊ ōŀǎƛƴǎ ƻǊƛƎƛƴŀǘƛƴƎ ƛƴ ƘƛƎƘ Ƴƻǳƴǘŀƛƴǎ
ÅǿƻǊƪ ǿƛǘƘ ŎƻƳƳǳƴƛǘƛŜǎ ǘƻ ŘŜǾŜƭƻǇ Ǉƭŀƴǎ ǘƻ ǇǊŜŘƛŎǘ ŦǳǘǳǊŜ ǿŀǘŜǊ ǎŎŜƴŀǊƛƻǎΣ ōǳƛƭŘ ŎŀǇŀŎƛǘȅΣ ŜƴƘŀƴŎŜ 
ŦƻǊŜŎŀǎǘƛƴƎ ǎȅǎǘŜƳǎΣ ŀƴǎǿŜǊ ǉǳŜǎǘƛƻƴǎ ƻƴ ǿŀǘŜǊ ŦǳǘǳǊŜǎ ŀƴŘ ŜǾŀƭǳŀǘŜ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ǇǊƻǇƻǎŜŘ 
ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǎƻƭǳǘƛƻƴǎΦ



INARCH Phase II Science Questions

1. How different are the observation and measurement approaches amongst INARCH basins 
and do we expect distinctive differences in our understanding of basin response and 
hydrological predictability because of the sampling schemes, and data quality and quantity?

2. How do the predictability, uncertainty and sensitivity of energy and water exchanges vary 
with changing atmospheric thermodynamics, ecosystem structure and water management 
in various high mountain regions of the Earth?

3. What improvements to high mountain energy and water exchange predictability are 
possible through improved physics in, coupling of, and downscaling of models in complex 
terrain, and improved and expanded approaches to data collection and assimilation?

4. To what extent doexisting model routines haveglobal validity, are transferable, and 
meaningful in different mountain environments for providing service to society?

5. Can mountain systems be predicted and managed to find solutions to help achievewater 
sustainability in river basins under climate change?

Eventually contribute to answering - How have mountain atmospheric-cryospheric-
hydrological-ecosystem-human systems co-evolved to their current states and how will they 
respond to climate change over the next century?



{ǳƳƳŀǊȅ ƻŦ hōǎŜǊǾŀǘƻǊƛŜǎ ŀƴŘ aŜŀǎǳǊŜƳŜƴǘ 
¢ŜŎƘƴƛǉǳŜǎ
ÅAdvances in using isotopes to supplement hydrometeorological 

observations and diagnostic modelling, including model calibration and 
structural design decisions from isotopic data.

ÅAdvances in satellite observations of snow depth, but limited to non-steep 
and non-forested sites.  Density is still a challenge. 

ÅAdvances in field techniques to include basin-scale gravimetry, UAV LiDAR 
& IR, tower and terrestrialLiDAR

ÅExpansion of INARCH instrumented basins to all inhabited continents and 
new mountain ranges (Pamirs, High Atlas) 

ÅAdvances in reanalysis data in Andes, North America (historical) 

ÅINARCH basins are starting or ready for COPE observing period



{ǳƳƳŀǊȅ ƻŦ tǊŜŘƛŎǘƛƻƴǎΣ /ƻƳǇŀǊƛǎƻƴǎΣ ±ŀƭƛŘƛǘȅ 
Å!ŘǾŀƴŎŜǎ ƛƴ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŜŎƻƘȅŘǊƻƭƻƎƛŎŀƭ ƳƻŘŜƭǎ ǘƻ ŜȄǇƭƻǊŜ ŎƻπŜǾƻƭǳǘƛƻƴ ƻŦ ǎƴƻǿ ŀƴŘ 
ǾŜƎŜǘŀǘƛƻƴ ŀƴŘ ƳƻŘŜƭǎ ŀŘŘǊŜǎǎƛƴƎ ǾŜƎŜǘŀǘƛƻƴ ŎƘŀƴƎŜ όǎƘǊǳōƛŦƛŎŀǘƛƻƴΣ ŦƻǊŜǎǘ ŎƘŀƴƎŜύΣ ǊŜǾƛǎŜŘ 
ƛƴǘŜǊŎŜǇǘƛƻƴΣ ƎǊŜŜƴƛƴƎΣ ŘǊƻǳƎƘǘ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ

ÅLƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ŀǘƳƻǎǇƘŜǊƛŎ ƳƻŘŜƭ ŦƻǊŎƛƴƎ ƻŦ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǇƘŀǎŜ ŀƴŘ ǿƛƴŘ ŦƛŜƭŘǎΣ ƘƛƎƘ 
ǊŜǎƻƭǳǘƛƻƴ ƴŜǎǘŜŘ ƳƻŘŜƭǎ ŦƻǊ ŘȅƴŀƳƛŎŀƭ ŘƻǿƴǎŎŀƭƛƴƎ όƎǊŜŀǘŜǊ ŜȄǘŜƴǘύΦ

Å5ƻǿƴǎŎŀƭƛƴƎ ƻŦ ŀǘƳƻǎǇƘŜǊƛŎ ƳƻŘŜƭǎ ǘƻ ŎƻƳǇƭŜȄ ǘŜǊǊŀƛƴ ǎƴƻǿ ƳƻŘŜƭǎ ŀǘ ǎƴƻǿπŘǊƛŦǘ ǇŜǊƳƛǘǘƛƴƎ 
ǎŎŀƭŜǎ όғмлл Ƴύ ŀǇǇƭƛŜŘ ŀǘ ŎƻƴǘƛƴŜƴǘŀƭ ǎŎŀƭŜǎ ςƛƴǘŜǊŎƻƳǇŀǊƛǎƻƴ ŀƴŘ ŜǾŀƭǳŀǘƛƻƴ ŀƎŀƛƴǎǘ ǎŀǘŜƭƭƛǘŜ 
ŀƴŘ ǎǳǊŦŀŎŜ ƻōǎŜǊǾŀǘƛƻƴǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ŀǎǎŜǎǎ ƳƻŘŜƭ ƻǳǘǇǳǘǎΦ  {ǘŀƴŘŀǊŘƛȊŜŘ ŎƻƳǇŀǊƛǎƻƴǎ ǘƻ 
ŀǊŜŀƭ ƳŜǘǊƛŎǎ ƴŜŜŘ ǘƻ ōŜ ŘŜǾŜƭƻǇŜŘΦ

ÅLƳǇǊƻǾŜƳŜƴǘǎ ƛƴ Řŀǘŀ ŀǎǎƛƳƛƭŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ǇǊŜŘƛŎǘƛƻƴΦ

Å9ȄŀƳƛƴŀǘƛƻƴ ƻŦ ǇŀǊŀƳŜǘŜǊ ǳƴŎŜǊǘŀƛƴǘȅΣ ǘǊŀƴǎŦŜǊŀōƛƭƛǘȅ ŀƴŘ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ƛƴ 
ƘȅŘǊƻπŎǊȅƻǎǇƘŜǊŜ ƳƻŘŜƭƭƛƴƎΦ  bƻǘŜŘ ǘƘŀǘ ŎŀƭƛōǊŀǘƛƻƴ ŦǊƻƳ ǎǘǊŜŀƳŦƭƻǿ ƻŦ ǇƘȅǎƛŎŀƭƭȅ ōŀǎŜŘ 
ǇŀǊŀƳŜǘŜǊǎ ƛƴ ƘȅŘǊƻπŎǊȅƻǎǇƘŜǊƛŎ ƳƻŘŜƭƭƛƴƎ ǎƘƻǳƭŘ ŦƻŎǳǎ ƻƴ ǊƻǳǘƛƴƎ ŀƴŘ ǎǳōǎǳǊŦŀŎŜ ǊŀǘƘŜǊ ǘƘŀƴ 
ƻōǎŜǊǾŀōƭŜ ǎǳǊŦŀŎŜ ǇŀǊŀƳŜǘŜǊǎ όŜǉǳƛŦƛƴŀƭƛǘȅΣ ǎŜƭŦ ŘŜŎŜǇǘƛƻƴύ

Å/ƻƳǇŀǊƛǎƻƴǎ ƻŦ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƻƴ ŎǊȅƻǎǇƘŜǊŜ ŀƴŘ ƘȅŘǊƻƭƻƎȅ ƛƴ ŘƛŦŦŜǊŜƴǘ ƎƭŀŎƛŀǘŜŘ 
ŀƴŘ ǎƴƻǿ ŘƻƳƛƴŀǘŜŘ ōŀǎƛƴǎ ǎƘƻǿ ŘƛŦŦŜǊŜƴǘ ǎŜƴǎƛǘƛǾƛǘƛŜǎ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ

ÅLŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ŘƛǎǘƛƴŎǘƛǾŜ ǊŜǎŜŀǊŎƘ ƴŜŜŘǎ ŦƻǊ ƳŀǊƎƛƴŀƭ ǎƴƻǿǇŀŎƪǎ ςŜΦƎΦ ƎǊƻǳƴŘ ƘŜŀǘ ŦƭǳȄ



/ƻƳƳƻƴ hōǎŜǊǾƛƴƎ tŜǊƛƻŘ 9ȄǇŜǊƛƳŜƴǘ ό/ht9ύ
нлннςнлнп



/ht9 ŀƴŘ 5ŀǘŀ aŀƴŀƎŜƳŜƴǘ
ÅCOPE represents a unique opportunity to implement, focus and accelerate model 

comparison and validation, observation comparison, and collaboration to 
compare process operation and model improvements on INARCH testbed basins.

ÅGWFNet data catalogue can help INARCH researchers find each other, papers, 
models, instrumented sites, data records, model outcomes.

ÅNeed for INARCH researchers to provide information to Stephen for cataloguing.

ÅKeeping long term research basins going remains a continual challenge

ÅSpecific COPE research projects need to be developed ςsame model for elasticity 
to change applied at different basins, observed response to extremes and climate 
differences, comparative eco-hydrology, new model testing?

ÅPlan for several papers from COPE analyses/comparisons and an overarching 
COPE data paper.



INARCH Statement 2022
²Ŝ ƘŀǾŜ

ÅōŜƎǳƴ tƘŀǎŜ нΣ ǎǘŀǊǘŜŘ /ht9Σ 

ÅŜȄǇŀƴŘŜŘ ƛƴǾŜǎǘƛƎŀǘƻǊǎΣ ƻōǎŜǊǾŀǘƛƻƴǎΣ ōŀǎƛƴǎΣ Ƴƻǳƴǘŀƛƴ ǊŀƴƎŜǎΣ ŀƴŘ ƳƻŘŜƭǎΣ

ÅƛƳǇƭŜƳŜƴǘŜŘ ŀ Řŀǘŀ ŎŀǘŀƭƻƎǳƛƴƎ ǎȅǎǘŜƳΣ ǎƴƻǿŘǊƛŦǘπǊŜǎƻƭǾƛƴƎ ƳƻŘŜƭǎ ŎƻƴǘƛƴŜƴǘŀƭƭȅΣ

ÅŜȄǇƭƻǊŜŘ ƴŜǿ ƳŜŀǎǳǊŜƳŜƴǘ ǘŜŎƘƴƛǉǳŜǎΣ Řŀǘŀ ŀǎǎƛƳƛƭŀǘƛƻƴΣ ǇŀǊŀƳŜǘŜǊ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŘ ƳŀŎƘƛƴŜ 
ƭŜŀǊƴƛƴƎΣ 

ÅǎǘŀǊǘŜŘ ƭƛƴƪƛƴƎ ǘƻ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ŘƻǿƴǎǘǊŜŀƳ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΤ

ÅƛƴŦƻǊƳŜŘ ŀ ǇǊƻǇƻǎŜŘ ¦b ¸ŜŀǊ ƻŦ DƭŀŎƛŜǊ tǊŜǎŜǊǾŀǘƛƻƴ ŀƴŘ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ²ahΣ ¦b9{/hΣ ²/wtΣ 
¦b ²ŀǘŜǊ 5ŜŎŀŘŜ

²Ŝ ƴŜŜŘ ǘƻ

Å5ŜǾŜƭƻǇ ŘŜǘŀƛƭŜŘ ǎŎƛŜƴŎŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎ ƛƴ /ht9 ŀƴŘ ŜƴǎǳǊŜ ǘƘŀǘ ƛǘ ƛǎ ǳǎŜŘ ōȅ ƻǘƘŜǊ ƎǊƻǳǇǎ ό²ahΣ 
ƛƴǘŜǊŎƻƳǇŀǊƛǎƻƴ ǇǊƻƧŜŎǘǎύ 

Å!ǇǇƭȅ ŀǘƳƻǎǇƘŜǊƛŎκƘȅŘǊƻƭƻƎƛŎŀƭκƻǘƘŜǊ ƳƻŘŜƭǎ ǘƻ Lb!w/I ōŀǎƛƴǎ ŦƻǊ ǘƘŜ /ht9 ǇŜǊƛƻŘ

Å/ƻπŘŜǾŜƭƻǇ Ǉƭŀƴǎ ǘƻ ŀƴŘ ǎƘŀǊŜ ŜȄǇŜǊƛŜƴŎŜǎ ƻƴ ƛƴŎǊŜŀǎŜ Ƴƻǳƴǘŀƛƴ ŎƻƳƳǳƴƛǘȅκǊŜƎƛƻƴŀƭ ǎŎƛŜƴŎŜ ŀƴŘ 
ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ŎŀǇŀŎƛǘȅ



INARCH 2023

Å¢ƘŜ Lb!w/I ōƛŘ ǎŜƭŜŎǘƛƻƴ ŎƻƳƳƛǘǘŜŜ ƳŜǘ ƻǾŜǊ ŎƛƎŀǊǎ ŀƴŘ ǿƘƛǎƪŜȅ 
ŀƴŘ ŀŦǘŜǊ ŎŀǊŜŦǳƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ƛƳǇƻƴŘŜǊŀōƭŜ ŦŀŎǘƻǊǎ ǎŜƭŜŎǘŜŘΧΧΧ

ÅL5!IhΗ  !ǳǘǳƳƴ Ǉƻǎǎƛōƭȅ hŎǘΦ



hōǎŜǊǾŜΣ tǊŜŘƛŎǘΣ tǊƻǘŜŎǘ


