
Introduction Previous Work New work Extra

Cryosphere Radiative Forcing: An Indicator of Climate
Feedback and Environmental Change

Mark Flanner and Deepak Singh
University of Michigan

April 9, 2014
NASA National Climate Assessment and Indicators Team Meeting

Mark Flanner Cryosphere radiative effect 1/17



Introduction Previous Work New work Extra

Motivation and goal

Presence of snow and sea-ice increases Earth’s reflectance

A 1% reduction in Earth’s planetary albedo exerts a “forcing” of
3.4 W m−2, almost as large as a doubling of CO2. Large capacity for
albedo change and positive feedback on climate from the cryosphere
Changes in snow cover and sea-ice during recent years are evident,
but direct radiative impacts are less well-quantified
Goal: Provide a continuously updated, near real-time product of the
global cryosphere radiative effect
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Definition

Cryosphere radiative effect (CrRE): The instantaneous perturbation
to Earth’s TOA shortwave energy budget induced by the presence of
surface cryospheric components (snow cover, sea-ice and glaciers).

More climatically-relevant quantity than snow/ice extent. Time
evolution of this quantity represents a direct measure of albedo
feedback from the cryosphere

Contributions separated from:
1 Seasonal snow cover
2 Glaciers and ice sheets and overlying snow
3 Sea-ice

CrRE influences:
1 Albedo of the snow or ice
2 Albedo of the underlying substrate (contrast induced by cryospheric

presence)
3 Insolation
4 Cloud masking
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Snow-covered / snow-free albedo contrast

Reduced snow albedo impact
over mature forests

Large snow impact on
grasslands and tundra

Mean contrast varies with
definition of “snow-covered”
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1979–2008 change in boreal CrRE

Figure: Flanner et al, 2011

Long-term record derived
from AVHRR snow cover
data, microwave sea-ice data

30-year change in NH land
CrRE:
+0.22 (0.11− 0.41) W m−2

30-year change in sea-ice
CrRE:
+0.22 (0.15− 0.32) W m−2

Combined global effect was
∼ 30% as large as the
change in CO2 forcing over
the same time period
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1979–2008 change in CrRE: Seasonal cycle
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Change in Cryosphere Forcing from 1979 to 2008
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Figure: ’X’ indicates month of
statistically-significant change
(p = 0.01). Flanner et al. (2011)

Peak sea-ice change occurs
in June

Land-snow CrRE changes are
significant during
March–August

June peak in land snow
change is sensitive to
mountain snow cover
estimates (Himalaya, Tien
Shan)
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1979–2011 CrRE change from Arctic sea-ice

Recently, Pistone et al., (2014, PNAS) derived a larger estimate
(0.43 W m−2) of the NH-averaged 1979–2011 change in CrRE due
to Arctic sea-ice loss.

Figure: Pistone et al. (2014)
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Work in progress

Phase 1a: Develop 2001–2013 spatially-continuous land-based CrRE
from MODIS, NISE, and model-generated radiative kernels

Phase 1b: Adapt algorithm to accommodate VIIRS data

Phase 2: Develop algorithm for sea-ice CrRE that accommodates
frequent updates
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Snow-free albedo

16-day snow-free albedo climatologies from Moody et al. (2007)
serve as baseline (MODIS product MOD43B3).
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Phase 1a: Algorithm

MODIS Q2
available?

Snow present?

∆α = α(t) – 
αsnow free(t)

16-day snow-
covered albedo 

climatology?

Snow present
in NISE?

∆α(t) = 0

∆α(t)= 
αsnow-covered(t)
 – αsnow free(t)

∆α(t)= 
αsnow-covered

 – αsnow free(t)

CrRE(all-sky) 
= ∆α∙∂FAS/∂α

yes

no
yes

yes

yes

no

no

no

CrRE(clear) 
= ∆α∙∂FCS/∂α
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Example: Cryosphere-induced Change in Albedo
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Example: Method used to determine ∆α
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Example: All-sky and clear-sky CrRE

Global-mean: −4.3 W m−2 −4.7 W m−2
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Example: Animated Timeseries of All-sky CrRE

Mark Flanner Cryosphere radiative effect 14/17



Introduction Previous Work New work Extra

Example: Global annual-mean timeseries
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Example: Continental seasonal timeseries
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Conclusions and next steps

Global annual-mean land-based cryosphere radiative effect (CrRE) is
∼ −2.6 W m−2

Trends in Eurasian spring CrRE are evident, while North American
timeseries are more noisy (preliminary)

Next steps: Extend algorithm to VIIRS data, enabling continual
updating of CrRE product into near future. Develop algorithm for
sea-ice CrRE.

Produce spatially-averaged timeseries for key regions of interest
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Application of observational CrRE

Evaluation of CrRE in the CESM [Perket et al, 2014]

Mark Flanner Cryosphere radiative effect 18/17


	Introduction
	Previous Work
	New work
	Extra

	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	0.38: 
	0.39: 
	0.40: 
	0.41: 
	0.42: 
	0.43: 
	0.44: 
	0.45: 
	0.46: 
	0.47: 
	0.48: 
	0.49: 
	0.50: 
	0.51: 
	0.52: 
	0.53: 
	0.54: 
	0.55: 
	0.56: 
	0.57: 
	0.58: 
	0.59: 
	0.60: 
	0.61: 
	0.62: 
	0.63: 
	0.64: 
	0.65: 
	0.66: 
	0.67: 
	0.68: 
	0.69: 
	0.70: 
	0.71: 
	0.72: 
	0.73: 
	0.74: 
	0.75: 
	0.76: 
	0.77: 
	0.78: 
	0.79: 
	0.80: 
	0.81: 
	0.82: 
	0.83: 
	0.84: 
	0.85: 
	0.86: 
	0.87: 
	0.88: 
	0.89: 
	0.90: 
	0.91: 
	0.92: 
	0.93: 
	0.94: 
	0.95: 
	0.96: 
	0.97: 
	0.98: 
	0.99: 
	0.100: 
	0.101: 
	0.102: 
	0.103: 
	0.104: 
	0.105: 
	0.106: 
	0.107: 
	0.108: 
	0.109: 
	0.110: 
	0.111: 
	0.112: 
	0.113: 
	0.114: 
	0.115: 
	0.116: 
	0.117: 
	0.118: 
	0.119: 
	0.120: 
	0.121: 
	0.122: 
	0.123: 
	0.124: 
	0.125: 
	0.126: 
	0.127: 
	0.128: 
	0.129: 
	0.130: 
	0.131: 
	0.132: 
	0.133: 
	0.134: 
	0.135: 
	0.136: 
	0.137: 
	0.138: 
	0.139: 
	0.140: 
	0.141: 
	0.142: 
	0.143: 
	0.144: 
	0.145: 
	0.146: 
	0.147: 
	0.148: 
	0.149: 
	0.150: 
	0.151: 
	0.152: 
	0.153: 
	0.154: 
	0.155: 
	0.156: 
	0.157: 
	0.158: 
	0.159: 
	0.160: 
	0.161: 
	0.162: 
	0.163: 
	0.164: 
	0.165: 
	0.166: 
	0.167: 
	0.168: 
	0.169: 
	0.170: 
	0.171: 
	0.172: 
	0.173: 
	0.174: 
	0.175: 
	0.176: 
	0.177: 
	0.178: 
	0.179: 
	0.180: 
	0.181: 
	0.182: 
	0.183: 
	0.184: 
	0.185: 
	0.186: 
	0.187: 
	0.188: 
	0.189: 
	0.190: 
	0.191: 
	0.192: 
	0.193: 
	0.194: 
	0.195: 
	0.196: 
	0.197: 
	0.198: 
	0.199: 
	0.200: 
	0.201: 
	0.202: 
	0.203: 
	0.204: 
	0.205: 
	0.206: 
	0.207: 
	0.208: 
	0.209: 
	0.210: 
	0.211: 
	0.212: 
	0.213: 
	0.214: 
	0.215: 
	0.216: 
	0.217: 
	0.218: 
	0.219: 
	0.220: 
	0.221: 
	0.222: 
	0.223: 
	0.224: 
	0.225: 
	0.226: 
	0.227: 
	0.228: 
	0.229: 
	0.230: 
	0.231: 
	0.232: 
	0.233: 
	0.234: 
	0.235: 
	0.236: 
	0.237: 
	0.238: 
	0.239: 
	0.240: 
	0.241: 
	0.242: 
	0.243: 
	0.244: 
	0.245: 
	0.246: 
	0.247: 
	0.248: 
	0.249: 
	0.250: 
	0.251: 
	0.252: 
	0.253: 
	0.254: 
	0.255: 
	0.256: 
	0.257: 
	0.258: 
	0.259: 
	0.260: 
	0.261: 
	0.262: 
	0.263: 
	0.264: 
	0.265: 
	0.266: 
	0.267: 
	0.268: 
	0.269: 
	0.270: 
	0.271: 
	0.272: 
	0.273: 
	0.274: 
	0.275: 
	0.276: 
	0.277: 
	0.278: 
	0.279: 
	0.280: 
	0.281: 
	0.282: 
	0.283: 
	0.284: 
	0.285: 
	0.286: 
	0.287: 
	0.288: 
	0.289: 
	0.290: 
	0.291: 
	0.292: 
	0.293: 
	0.294: 
	0.295: 
	0.296: 
	0.297: 
	anm0: 


