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• Glaciers:

– Kennedy, J. H., and E. C. Pettit (2015), The 
response of fabric variations to simple shear 
and migration recrystallization, J. Glaciology, 
61(227), 537–550, 
doi:10.3189/2015JoG14J156.

• Aerosols:

– Kovilakam M. and S. Mahajan (2015): Black 
Carbon Induced Northern Hemisphere 
Tropical Expansion, GRL.

– Kovilakam M. and S. Mahajan (2016): 
Confronting ‘the Indian Monsoon response to 
black carbon aerosols” with the uncertainty in 
its radiative forcing. JGR-Atmospheres 
(conditionally accepted).

• Monsoons:

– M. Ashfaq, D. Rastogi, R. Mei, D. Touma and 
R. Leung , Sources of errors in the simulation 
of South Asian monsoon in CMIP5 GCMs, 
Climate Dynamics (conditionally accepted)

2.2.1. Advance understanding of 
Earth system processes and 
improve predictions of climate 
variability and change. 

Kovilakam and Mahajan, 2015

Kovilakam and Mahajan, 2016
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2.2.2. Enable application of Earth system 

models to questions requiring high 

resolution and high fidelity. 

• Algorithms & Methods:
• Woodward, C. S., D. Gardner, and K. J. Evans (2015), On the 

Use of Finite Difference Matrix-Vector Products in Newton-

Krylov Solvers for Implicit Climate Dynamics, Procedia 

Computer Science, 51:2036-2045.

• Collins, W. D., H. Johansen, K. J. Evans, C. Woodward, and P. 

Caldwell (2015), Progress in Fast, Accurate Multi-scale Climate 

Simulations, Procedia Computer Science, 51:2006-2015.

• Software Engineering & Performance:
• Norman, M. R., J. Larkin, A. Vose, and K. J. Evans (2015). A 

case study of CUDA FORTRAN and OpenACC for an 

Atmospheric Climate Kernel, J. Computat. Sci., 9:1-6.

• Archibald, R. K., K. J. Evans, and A. G. Salinger (2015). 

Accelerating Time Integration for the Shallow Water Equations 

on the Sphere Using GPUs, Procedia Computer Science, 

51:2046-2055.

• Wong, D. C., Yang, C. E., Fu, J. S., Wong, K., and Gao, Y. 

(2015), An approach to enhance pNetCDF performance  in 

environmental modeling applications, Geosci. Model Dev., 8, 

1033–1046.

Archibald et al. 2015

• Workshops:
• Numerical and Computational 

Developments to Advance Multi-
scale Earth System Models –
MSESM, ICCS 2015
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• 2.2.2. Enable application of Earth system models to questions 
requiring high resolution and high fidelity.

• UQ:

• Liu, P., A.S. Elshall, M. Ye, P. Beerli, X. Zeng, D. Lu, and Y. Tao (2016), Evaluate marginal 
likelihood with thermodynamic integration method and comparison with several other numerical 
methods, Water Resour. Res., 52

• Lu, D., M. Ye, and G.P. Curtis (2015), Maximum Likelihood Bayesian Model Averaging and its 
Predictive Analysis for Groundwater Reactive Transport Models, J. Hydrol., 529, 1859–1873.

• Hill, M.C., D. Kavetski, M. Clark, M. Ye, M. Arabi, D. Lu, L. Foglia, and S. Mehl (2015), Practical 

use of computationally frugal model analysis methods, Ground Water

ESM Theme
Progress on Strategic Plan Goals

Lu et al. 2015
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2.2.3 Quantify and reduce 
uncertainties in predictions of 
ESMs.

• Benchmarking/V&V:

– LIVVkit, the land-ice verification and 
validation system, was released in July.

– The first ILAMB land model benchmarking 
package was released at the AGU Fall 
Meeting in December.

• Biogeochemistry:

– Wang, Y. P., J. Jiang, B. Chen-Charpentier, F. 
B. Agusto, A. Hastings, Forrest M. Hoffman, 
M. Rasmussen, M. J. Smith, K. Todd-Brown, 
Y. Wang, X. Xu, and Y. Q. Luo (2016), 
Responses of two nonlinear microbial models 
to warming and increased carbon input, 
Biogeosci., 13(4):887–902, doi:10.5194/bg-
13-887-2016.

.

Building con dence in the Com m unity Ice Sheet  Model (CISM) with 

LIVVkit , the land-ice validat ion and veri cat ion toolkit

Ex t en sib le  an d  m ain t a in ab le

User  f r ien d ly
Good

Design =
Good

Tools

Easy  d ep loy m en t

In cr ease p r od u ct iv i t y

Internal dependency m anagem ent

Automat ic website generat ion

Comm and line opt ions or saved 

con gurat ions

Planned developm ent
Python code base

Com m only used by scient ists

Modular for easy test  and

feature addit ions

Private development  to protect  novel analyses and 

intellectual property

Public code releases on github:

Jinja2 for website generat ion 

Tem plated for easy changes

This work is based upon work, authored in part  by cont ractors [UT-Bat telle LLC, manager of Oak Ridge Nat ional Laboratory (ORNL)] , and supported by the U.S. Departm ent  of Energy, O ce of Science, O ce of BER and the ASCR SciDAC PISCEES 

project . This study used the resources of the Oak Ridge Leadership Com put ing Facility at  the Oak Ridge Nat ional Laboratory, which is supported by the O ce of Science of the U.S. Departm ent  of Energy under Contract  No. DE-AC05-00OR22725. 

Joseph H. Kennedy

Katherine J. EvansAndrew R. Bennet t Pat rick H. Worley Stephen F. Price Mat thew J. Ho m an

Released  soon Lat er

Support  m ore CISM

dycores

Bet ter perform ance  

m et rics and plots

Init ial validat ion tests

Num erics m odule

Antarct ica!

Night ly builds and tests of CISM (the com m unity ice

sheet  m odel) 

Support  other ice-sheet

m odels

Integrates easily into the developer work ow

Con dence and credibility Veri cat ion Validat ion

IO writeback

Problem  size

T
im

e
 (

s
)

LIVVk i t

User exam ple
Jerem y Fyke (LANL) is using LIVVkit  to analyze ongoing open-beta st ress test ing

of CISM2 in a 'real-world' con gurat ion, using a validat ion test  m odule that  he 

and Lauren Vargo (UNM/LANL) developed for LIVVkit . The were able to x a bad 

con gurat ion set t ing that  resulted in a 2.5 km  high ice cli  (bot tom -left ). 

All plots were produced by LIVVkit .

The process of com paring the approxim ate num erical solut ion of the m odel, or 

parts of the m odel, against  a numerical benchm ark (e.g., an analyt ical solut ion or 

a m anufactured solut ion). This is a m at h  problem : 

Num erical (algorithm ) veri cat ion LIVVkit : numerics

"Are we solving the equat ions correct ly?"

The process of determ ining if the software's im plementat ion accurately represents 

the developers' speci cat ions. This is an en g in eer in g  problem :

Software veri cat ion LIVVkit : veri cat ion

"Did we build what  we intended?"

The process of determ ining the degree to which a m odel is an accurate

representat ion of the real world from  the perspect ive of the intended uses of 

the model. This is a p h y sics problem : 

Physical validat ion LIVVkit : validat ion

"Are we using the right  physics?"

The process of determ ining how well the software is able to be used for its 

intended task. In the case of ice-sheet  m odels, especially for those coupled to a

global-clim ate m odel, perform ance aspects will be the focus of software

validat ion. This is a d esig n  problem :

Software validat ion LIVVkit : performance

"Did we build what  the users needed?"Bit -for-bit  failure plot

Bit -for-bit  analysis of m ult iple,

relevant  variables

Failure descript ion with error

details -- m ax and RMSE

Test  con gurat ion com parison Autom at ic failure plot  generat ion

ISMIP-HOM com parison for HO dynam ics:

Autom at ically parse GPTL t im ing 

les

Tim ing sum m ary for m ult iple 

sim ulat ions -- m in, m ax,and m ean

Autom at ic scaling plot  generat ion

-- st rong and weak

Scaling plot

Interact ive tables and

plots

Su g g est ion s?

Con dence: feeling or belief that  one can rely on som ething

  Credibilit y: the quality of being t rusted and believed in

Veri cat ion and validat ion (V&V) is a set  of con dence building 

techniques. 

V&V is a cont inuous process tandem  to, and essent ial

to, developm ent .

V&V is not  enough!  Credibility relies on:

Reproducibilit y Transparency Discoverability

LIVVkit  is designed to build user and developer 

con dence, as well as, scient i c credibilit y 

Tests and analyses can be quickly repeated

Results are portable and web-ready

Runs on PCs and HPCs with the same interface

Code: ht tps://github.com /LIVVkit /LIVVkit

Code: ht tps://github.com /ACME-Clim ate/LIVV

Docs: ht tps://github.com /LIVVkit /LIVVkit /wiki

Exam ple: ht tp://livvkit .github.io/LIVVkit /

Exam ple: ht tp://acm e-clim ate.github.io/LIVV/index.htm l

ht tp://blizzard.ornl.gov
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2.2.3 Quantify and reduce 
uncertainties in predictions of 
ESMs.

• Biogeochemistry:
– Ogunro, Oluwaseun O., Susannah M. Burrows, 

Scott Elliott, Amanda A. Frossard, Forrest M. 
Hoffman, Robert T. Letscher, J.Keith Moore, 
Lynn M. Russell, Shanlin Wang, and Oliver W. 
Wingenter (2015), Global distribution and 
surface activity of macromolecules in offline 
simulations of marine organic chemistry, 
Biogeochemistry, 126(1–2):25–56

– Xu, Min, and Forrest M. Hoffman (2015), 
Evaluations of CMIP5 simulations over 
cropland, Proc. SPIE, 9610:961003–961003-
15.

– Randerson, James T., Keith Lindsay, Ernesto 
Muñoz, Weiwei Fu, J. Keith Moore, Forrest M. 
Hoffman, Natalie M. Mahowald, and Scott C. 
Doney (2015), Multicentury Changes in Ocean 
and Land Contributions to the Climate–Carbon 
Feedback, Global Biogeochem. Cycles, 
29(6):744–759

ESM Theme
Progress on Strategic Plan Goals

The GPPs from the CESM1, BCC family and NorESM1-M are 7-9 t imes smaller than the observed GPPs for

ent ire year. A possible reason is that these models may direct ly t reat crop as grass without adjust ing the model

parameters related to the photosynthet ic capacity. The models from the GISS model family, MRI-ESM1, and

inmcm4 have almost ident ical annual cycles at all eight sites with different locat ions and crop types (Fig. 1). It

indicates that the crop phenology for corn, soybean, and cereal crops is similar or same in these models. The

reason may be that there is no crop PFTs in their land or carbon cycle models and the grass phenology is direct ly

used over cropland. This approach likely leads to large biases in simulat ing biogeochemist ry processes related to

crop growth and development as different crops generally have largely different phenology and physiology.

Figure 1. Climatology of annual cycles of the simulated (thin color lines) and observed (thick black solid line) gross

primary product ion (unit : kgCm-2s-1 ) at four CORNSOY sites (left panel) and four CEREAL sites (right panel). The

number of model ensembles is shown in the curved bracket in the legend.

Fig. 2 shows the net ecosystem product ion (NEP). Similar to the results of the GPP, compared with other

CMIP5 models, the simulated NEPs by the MPI and IPSL model families are in bet ter agreement with the

observed annual cycles both in phase and magnitude for the CRONSOY and CEREAL sites respect ively. The

MPI simulated peeks are only half of the observed NEP in magnitude, but the phase of the peaks agree well with

the observat ions at the CRONSOY sites. In addit ion, MPI model family simulates near zero NEPs during spring

that is a lit t le larger than the observed NEPs, however it simulates negat ive NEPs (about 0.01-0.02 mgCm-2s-1)

that agree well with the observed NEPs during fall. The simulat ions from the IPSL models at the CEREAL sites

are reasonably consistent to the observat ions, but the IPSL models overest imate NEPs by 0.01-0.04 mgCm-2s-1

and underest imate NEPs by 0.02-0.06 mgCm-2s-1 before and after the peaks respect ively. We can get the similar

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 10/10/2015 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx

Xu and Hoffman, 2016

Randerson et al. 2015
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• 2.2.3 Quantify and reduce uncertainties in predictions of ESMs. 

• Hydrology:

– Naz, B. S-C. Kao, M. Ashfaq, D. Rastogi, R. Mei, Regional hydrological response to climate 
change in the conterminous United States using high-resolution hydro-climate change 
simulations (in review)

– Touma, D., M. Ashfaq, M. Nayak, S-C. Kao, N.S. Diffenbaugh (2015), A Multi-model and Multi-
index Evaluation of CMIP5 Drought Characteristics in the 21st Century, Journal of Hydrology, 
526, 196-207, doi:10.1016/j.jhydrol.2014.12.011

– R. Mei, M. Ashfaq, D. Rastogi, R. Leung, F. Dominguez (2015), Dominating Controls for Wetter 
South Asian Summer Monsoon in the 21st Century, Journal of Climate, 28, 3400–3419, doi: 
10.1175/JCLI-D-14-00355.1

• Invited Talks:

– Moet Ashfaq (AGU 2015, Monsoon Workshop,Yale 2015)

ESM Theme
Progress on Strategic Plan Goals

Mei et al. 2015
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2.2.4 Provide usable model products 
to the impacts research community. 

• Health & Disease

– P. Parham, J. Waldock, D. Hemming, K. Evans 
et al. (2015), Climate, Environmental, and 
Socioeconomic Change - Weighing up the 
Balance in Vector-Bourne Disease 
Transmission. Phil. Trans. B, 370:20130551. doi: 
10.1098/rstb.2013.0551.

– T. Yankeelov, V. Quaranta, K. Evans, and E. 
Rericha (2015), Towards a Science of Tumor 
Forecast for Clinical Oncology, Cancer 
Research , 75:918-23, doi:10.1158/0008-
5472.CAN-14-2233.

– Paull. S.H., D. Horton, M. Ashfaq, D. Rastogi, N. 
S. Diffenbaugh, A. M. Kilpatrick, Immunity 
dampens climate change impacts on West Nile 
virus epidemics across North America (in 
review)

Cover image from Parham et al., review 

article for special issue on Climate Change 

and Vector Borne Diseases of Humans: The 

mosquito Aedes japonicus japonicus is native 

to northern Japan, but has been introduced 

to the US and Europe and is adapting to 

warmer climates in Hawaii and the Southern 

USA. Image: Ary Faraji
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2.2.4 Provide usable model products to the impacts research 
community. 

• Hydropower:
– Kao, S-C., M. Sale, M. Ashfaq, R. U. Martinez, D. Kaiser, Y. Wei, N. S. Diffenbaugh (2015), 

Projecting changes in annual hydropower generation using regional runoff data: an assessment of 
the United States federal hydropower plants, Energy, 80, 239-250, 
doi:10.1016/j.energy.2014.11.066

– Kao, S-C, M. Ashfaq, B. S. Naz, R. Martinez, D. Rastogi, R. Mei, J. Yetta, N. M. Samu, M. J. Sale, 
The Second Assessment of the Effects of Climate Change on Federal Hydropower, ORNL Technical 
Report (in review)

• Floods

– Jing, L., T.W. Hurtle, N. S. Diffenbuagh, M. S. Delgado, M. Ashfaq (2015), Future property damage 
from flooding: sensivities to economy and climate change, Climatic Change, doi:10. 1007/ s10584-
015-1478-z

• Water Supply:

– Pagan , B. R., J. S. Pal, C. Gao, J. Reichenberger, D. R. Kendall, M. Ashfaq, D. Rastogi, S-C. Kao, 
B. Naz, J. Schubel, Long Beach Climate Resiliency Study: Impacts on Water Supply and Demand 
(submitted for review)

– Pagan, B. R, M. Ashfaq, D. Rastogi, S-C. Kao, B. Naz, D. R. Kendall, J. S. Pal, Extreme 
hydrological events drive reduction in water supply in the southwestern United Sates (in review)
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NEW! 2.2.5 Develop, analyze, and manage 
very large Earth science data.

• Publications:
– Kumar, Jitendra, Forrest M. Hoffman et al. (2015), 

Characterization and classification of vegetation canopy 
structure and distribution within the Great Smoky Mountains 
National Park using LiDAR, Proceedings of the 15th IEEE 
International Conference on Data Mining Workshops 
(ICDMW 2015), pages 1478–1485. Institute of Electrical and 
Electronics Engineers (IEEE)

– Mahajan, S., K. J. Evans, M. Branstetter and V. Anantharaj
(2015): Fidelity of climate extremes in high resolution climate 
models, Procedia Computer Science.

• Invited Talks:
– Mayer, B. (2015): DOE Climate Process flow Overview, 

NOAA GFDL.

• Workshops/Sessions Organized:
– Sixth Workshop on Data Mining in Earth System Science 

(DMESS 2015) at ICCS 2015

– AGU Fall Meeting Session on Big Data in the Geosciences: 
New Analytics Methods and Parallel Algorithms

• New LDRD SEED project:
– Mahajan, S. (2016–2018): Ensemble based multivariate 

approach for verification of climate models

B. Airborne LiDAR data

Airborne LiDAR for 1,400 sq. km (540 sq. miles) for the

Tennessee portion of the GSMNP and the Foothills Parkway

was acquired by The Center for Remote Sensing and Mapping

Science at the University of Georgia and Photo Science, Inc.

under a U.S. Geological Survey (USGS)-funded program [8].

While details of data acquisition and processing are described

by [8], we briefly summarize the data here.

A total of 1,658 flight miles of data were collected during

the period of February–April 2011. Four multiple discrete

returns per pulse were collected at a rate of 20.2 Hz by the

LiDAR instruments employed for the data collection. There

was overlap of 40–50% between adjacent flight lines for a

nominal flying height of 1,981.2 m above ground level. Scan

angles were ± 16◦ for a swath width of 1,134.7 m. Data

were calibrated and LiDAR points categorized asUnclassified,

Ground, Noiseor Overlap. Datasetsweresplit up into 1,500 m

× 1,500 m adjacent and non-overlapping tiles (Figure 1). The

tiled data sets, consisting of 724 tiles in “ las” format (94 GB

total size), were obtained from the Great Smoky Mountains

National Park Service.

Fig. 1. LiDAR tiles for TN side of Great Smoky Mountains National Park.
The underlying color image is a 1.5 m resolution digital elevation map for
the region.

C. Digital elevation model (DEM)

The LiDAR point cloud was processed by [8] using ESRI

ArcGIS software to create a 1.5 m resolution bare-earth digital

elevation model raster (DEM) (Figure 1). This DEM was used

as the bare Earth topography in the analysis presented here.

I I I . METHODS

A computationally efficient Python-based workflow (Fig-

ure 2) was developed to process and analyze the LiDAR point

cloud data sets.

A. Topographic detrending of LiDAR point cloud

The LiDAR point cloud data set for the GSMNP was based

on a vertical datum (NAVD88 – Geoid09). Raw LiDAR point

cloud elevations contain the imprints of the underlying topog-

raphy (Figure 3(a)). A topographic detrending was required

in order to convert the elevations from an absolute datum to

an above ground level (AGL) elevation (Figure 3(b)). Thus,

for every point in the point cloud data set, the corresponding

 

!
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$% $& $'

Fig. 2. Computational workflow for the analysis carried out using n processes
in embarrassingly parallel fashion.

ground level elevation was identified using the 1.5 m DEM

(described in Section II-C), and the AGL elevation was cal-

culated (elevation from datum − ground level elevation). All

further analysis was done on the detrended point cloud.

B. Vertical canopy structure

The topographically detrended LiDAR point cloud was pro-

cessed to generate the vertical canopy structure of vegetation

in the full study area. A horizontal grid of 30 m × 30 m

resolution was used, to match the resolution of LANDSAT,

NLCD and other existing vegetation mapping products for the

GSMNP [9] and to enable comparison and further analysis.

Employing a 30 m × 30 m resolution also ensured suffi-

cient LiDAR point density to construct a three-dimensional

vegetation canopy structure. A 1 m vertical resolution was

used to identify vegetation height from the ground surface to

a maximum height of 75 m. The number of LiDAR points

in each vertical 1 m bin (at each 30 m × 30 m cell in the

horizontal grid) was identified to construct a vertical density

profile (Figure 3(d)). Normalized density profileswere created

by computing the percent of total points (at that cell) in 1 m

vertical bins.
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Climate Change Science Institute

Earth System Modeling Workshop

June 9, 2015

Objective: Educate students and stakeholders about the basics and importance of ESM 

research in contributing to advances in climate change science and the variety of work going 

on within the ESM theme of the CCSI

Workshop details and lessons learned: 

• 75 registrants, 1 keynote speech, 2 science motivation talks, ~3 tutorials,~15 highlights 

speakers, good food and excellent logistics thanks to Teresa and Tonya.


