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1 DATA DESCRIPTION 

1.1 Parameters 
This data set consists of daily, 5 km resolution precipitation and mean near-surface air temperature 

projections from 2015 through 2100 for the High Mountain Asia (HMA) region. The data were 

generated by statistically downscaling 0.5° resolution model data from the GFDL SPEAR1 CMIP62 

30-member ensemble climate model. 

Projections are provided for two Shared Socioeconomic Pathways (SSPs): SSP2-4.5 and 

SSP5-8.5. A historical model run for 1990 through 2014 is also available. 

 The Shared Socioeconomic Pathways, or SSPs, comprise five different projected climate futures 
based on both emissions scenarios and socioeconomic factors, such as population, economic growth, 
education, urbanization, and technological development. See Riahi et al 2017 for details. 

1.2 File Information 

1.2.1 Format 

NetCDF-4 

1.2.2 File Contents 

Historical data files contain 11 years (1990-2000), 10 years (2001-2010), or 4 years (2011-2014) of 

daily data. Projection data files contain 10 years of daily data, except for the initial six-year period 

from 2015-2020. 

Precipitation and mean near-surface temperatures are stored in d × 1020 × 520 (d, x, y) arrays, 

where d = the number days in the file’s date range. 

Data files contain the variables described in Table 1. 

Table 1. Data File Variables and Descriptions 

Variable Name Description Data Type 

crs Information about the coordinate reference system string 

 
1 The Geophysical Fluid Dynamic Laboratory Seamless System for Prediction and EArth System Research 
(Maina, 2022). 
2 Coupled Model Intercomparison Project Phase 6. See CMIP Phase 6 (CMIP6) for details. 

https://nsidc.org/
https://wcrp-cmip.org/cmip-phase-6-cmip6/
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Variable Name Description Data Type 

latitude Latitude (°N) 32-bit floating-point 

longitude Longitude (°E) 32-bit floating-point 

temperature or 

precipitation 

Mean near-surface air temperature (K) or 

precipitation (mm/day), stored with a scale factor of 

0.01. To obtain values in the specified units, divide the 

value stored in the array by 100. 

16-bit integer 

time Days since 1900-01-01 00:00:00 32-bit integer 

 

1.2.3 Naming Convention 

Precipitation and mean near-surface air temperatures are provided in separate files for each of the 

30 ensemble members in the historical, SSP2-4.5, and SSP5-8.5 model runs. Data files utilize the 

following naming convention: 

Naming Convention 

HMA2_DSPAT_[PARAM]_hist_[EMC]_[StartDate]-[EndDate]_v[xx].[x].nc 

HMA2_DSPAT_[PARAM]_SSP[nnn]_[EMC]_[StartDate]-[EndDate]_v[xx].[x].nc 

Examples 

HMA2_DSPAT_pr_hist_r1i1p1f1_19900101-20001231_v01.0.nc 

HMA2_DSPAT_tas_hist_r1i1p1f1_19900101-20001231_v01.0.nc 

HMA2_DSPAT_pr_SSP245_r1i1p1f1_20150101-20201231_v01.0.nc 

HMA2_DSPAT_tas_SSP245_r1i1p1f1_20150101-20201231_v01.0.nc 

HMA2_DSPAT_pr_SSP585_r1i1p1f1_20150101-20201231_v01.0.nc 

HMA2_DSPAT_tas_SSP585_r1i1p1f1_20150101-20201231_v01.0.nc 

The following table describes the variables in the file naming convention: 

Table 2. File Naming Convention Variables and Descriptions 

Variable Name Description 

HMA2_DSPAT Unique identifier for the “High Mountain Asia Daily 5 km Downscaled SPEAR 

Precipitation and Air Temperature Projections” data set 

https://nsidc.org/
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Variable Name Description 

PARAM pr (precipitation) or tas (mean near-surface air temperature) 

hist or 

SSP[nnn] 

Model run. Historical (hist), SSP2-4.5 (SSP245), or SSP5-8.5 (SSP585) 

EMC Ensemble member code, following the CMIP6 convention. The code utilizes 

four indices—a realization index (r), initialization index (i), physics index (p), 

and forcing index (f)—to uniquely identify each ensemble member in a model 

run. 

For this data set, only the realization index increments (as 1, 2, 3,…, 30). I.e., 

data files have one of the following ensemble member codes: r1i1p1f1, 

r2i1p1f1, r3i1p1f1,…, r30i1p1f1.3 

StartDate-

EndDate 

File start date and end date in YYYYMMDD format 

v[xx].[x] Major [xx] and minor [x] version number. E.g., v01.0 = Version 1.0 

.nc NetCDF file extension 

  

1.3 Spatial Information 

1.3.1 Coverage 

N: 45.975° N 

S: 20.025° N 

E: 110.975° E 

W: 60.025° E 

1.3.2 Resolution 

5 km 

 
3 Each ensemble member in the historical run was used as the initial conditions for its corresponding 
ensemble member in the projections. E.g., HMA2_DSPAT_tas_hist_r1i1p1f1_19900101-20001231.nc was 
used as the initial conditions for HMA2_DSPAT_tas_SSP245_r1i1p1f1_19900101-20001231.nc and 
HMA2_DSPAT_tas_SSP585_r1i1p1f1_19900101-20001231.nc. 

https://nsidc.org/
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1.3.3 Geolocation 

The following table contains information for geolocating this data set: 

Table 3. Geolocation Details 

 

 

1.4 Temporal Information 

1.4.1 Coverage 

1 Jan 1990 – 31 Dec 2014 

1 Jan 2015 – 31 Dec 2100 

1.4.2 Resolution 

Daily 

Geographic coordinate system  World Geodetic System 1984 

Projected coordinate system N/A 

Longitude of true origin Prime Meridian, Greenwich 

Latitude of true origin N/A 

Scale factor at longitude of true origin N/A 

Datum WGS 84 

Ellipsoid/spheroid WGS 84 

Units degree 

False easting N/A 

False northing N/A 

EPSG code EPSG: 4326 

PROJ4 string +proj=longlat +datum=WGS84 +no_defs +type=crs 

Reference https://epsg.org/crs_4326/WGS-84.html 

https://nsidc.org/
https://epsg.org/crs_4326/WGS-84.html
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2 DATA ACQUISITION AND PROCESSING 

2.1 Processing 
To downscale both precipitation and temperature, mixed Cumulative Distribution Function (CDF) 

matching was applied to SPEAR climate model data at 0.5° resolution (SPEAR_MED4) (Delworth 

et al., 2020) over the historical period from 1990 through 2014 and compared to reference data 

sets. The data were then downsampled to 5 km resolution from 1990-2100. 

Different CDF matching approaches were utilized for precipitation and temperature. The 

precipitation data from SPEAR_MED were downscaled with a parametric, mixed CDF matching 

statistical method similar to Emmanouil et al. (2021), but using CDF fits based on the maximum 

likelihood estimation method instead of the Multiple Threshold Method (Deida et al. 2010). The 

reference data set used for comparison was the localized probability matched mean (LPM) 

precipitation data set in Maina et al. (2022). 

Mean near-surface air temperature data were also downscaled using CDF matching, but with a 

mixed CDF based on a generalized Pareto-Gaussian–Generalized Pareto formulation. The HMA-

LDAS from Xue et al. (2020) was used as the air temperature reference data set. 

3 VERSION HISTORY 
Table 4. Version History 

Version Release 
Date 

Description 

V1.1 June 2024 The following files in V1.0 were found to have temperature values 100 

times too small due to an incorrect scaling factor: 

HMA2_DSPAT_tas_hist_r12i1p1f1_19900101-20001231_v01.0.nc 

HMA2_DSPAT_tas_hist_r13i1p1f1_19900101-20001231_v01.0.nc 

HMA2_DSPAT_tas_hist_r4i1p1f1_20110101-20141231_v01.0.nc 

HMA2_DSPAT_tas_hist_r25i1p1f1_20110101-20141231_v01.0.nc 

For V1.1, these files were replaced with corrected versions and 

renamed to “v01.1”. No other files were affected. 

 
4 See GFDL SPEAR Large Ensembles for more information. 

https://nsidc.org/
https://www.gfdl.noaa.gov/spear_large_ensembles/
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Version Release 
Date 

Description 

V1.0 Dec 2023 Initial release 

 

4 RELATED DATA SETS 
High Mountain Asia (HMA) | Data 

5 RELATED WEBSITES 
NASA’s High Mountain Asia Team 

6 ACKNOWLEDGEMENTS 
The data providers would like to acknowledge the following individuals for contributing to this work: 

Zimeena Rasheed 

Department of Civil and Environmental Engineering 

Rutgers University – New Brunswick 

Piscataway, NJ 

Andreas Langousis 

Department of Civil Engineering 

University of Patras 

Patras, Greece 

7 REFERENCES 
Delworth, T. L., Cooke, W. F., Adcroft, A., Bushuk, M., Chen, J., Dunne, K. A., Ginoux, P., Gudgel, 

R., Hallberg, R. W., Harris, L., Harrison, M. J., Johnson, N., Kapnick, S. B., Lin, S., Lu, F., 

Malyshev, S., Milly, P. C., Murakami, H., Naik, V., … Zhao, M. (2020). SPEAR: The Next 

Generation GFDL Modeling System for Seasonal to Multidecadal Prediction and Projection. In 

Journal of Advances in Modeling Earth Systems (Vol. 12, Issue 3). American Geophysical Union 

(AGU). https://doi.org/10.1029/2019ms001895. Data downloaded from GFDL using 

https://nomads.gfdl.noaa.gov. 

https://nsidc.org/
https://nsidc.org/data/highmountainasia/data
https://www.himat.org/


USER GUIDE: High Mountain Asia Daily 5 km Downscaled SPEAR Precipitation and Air Temperature Projections, Version 1 

Page 8 of 8 National Snow and Ice Data Center 
nsidc.org 

Deidda, R. (2010). A multiple threshold method for fitting the generalized Pareto distribution to 

rainfall time series. Hydrology and Earth System Sciences, 14(12), 2559–2575. 

https://doi.org/10.5194/hess-14-2559-2010 

Emmanouil, S., Langousis, A., Nikolopoulos, E. I., & Anagnostou, E. N. (2021). An ERA‐5 Derived 

CONUS‐Wide High‐Resolution Precipitation Dataset Based on a Refined Parametric Statistical 

Downscaling Framework. In Water Resources Research (Vol. 57, Issue 6). American Geophysical 

Union (AGU). https://doi.org/10.1029/2020wr029548 

Maina, F. Z., Kumar, S. V., Dollan, I. J., & Maggioni, V. (2022). Development and Evaluation of 

Ensemble Consensus Precipitation Estimates over High Mountain Asia. In Journal of 

Hydrometeorology (Vol. 23, Issue 9, pp. 1469–1486). American Meteorological Society. 

https://doi.org/10.1175/jhm-d-21-0196.1 

Riahi, K., van Vuuren, D. P., Kriegler, E., Edmonds, J., O’Neill, B. C., Fujimori, S., Bauer, N., 

Calvin, K., Dellink, R., Fricko, O., Lutz, W., Popp, A., Cuaresma, J. C., KC, S., Leimbach, M., Jiang, 

L., Kram, T., Rao, S., Emmerling, J., … Tavoni, M. (2017). The Shared Socioeconomic Pathways 

and their energy, land use, and greenhouse gas emissions implications: An overview. Global 

Environmental Change (Vol. 42, pp. 153–168). Elsevier BV. 

https://doi.org/10.1016/j.gloenvcha.2016.05.009 

Xue, Y., Houser, P. R., Maggioni, V., Mei, Y., Kumar, S. V., & Yoon, Y. (2022). Evaluation of High 

Mountain Asia‐Land Data Assimilation System (Version 1) From 2003 to 2016: 2. The Impact of 

Assimilating Satellite‐Based Snow Cover and Freeze/Thaw Observations Into a Land Surface 

Model. In Journal of Geophysical Research: Atmospheres (Vol. 127, Issue 7). American 

Geophysical Union (AGU). https://doi.org/10.1029/2021jd035992 

8 DOCUMENT INFORMATION 

8.1 Publication Date 
December 2023 

8.2 Date Last Updated 
June 2024 

https://nsidc.org/

	1 Data Description
	1.1 Parameters
	1.2 File Information
	1.2.1 Format
	1.2.2 File Contents
	1.2.3 Naming Convention

	1.3 Spatial Information
	1.3.1 Coverage
	1.3.2 Resolution
	1.3.3 Geolocation

	1.4 Temporal Information
	1.4.1 Coverage
	1.4.2 Resolution


	2 Data Acquisition and Processing
	2.1 Processing

	3 Version History
	4 Related Data Sets
	5 Related Websites
	6 Acknowledgements
	7 References
	8 Document Information
	8.1 Publication Date
	8.2 Date Last Updated


