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Self-Organizing Maps

The 1,n vector of an individual
clata record is compared to the

Multiple iterations g T T 1.n reference vector of each
T T SOM node

are made through the
data set to train the

SOM

The SOM node with the closest
match is the “winner.,” The
winning node is updated to
produce a slightly closer match
to the input vector

The process is repeated A

for each data record _ _
4 Each surrounding node is also

adjusted slightly in the

direction of the input vector.
Tha amount of adjustment
decreasas further away from the
winning node.

Fig. 1. The iterative self-organizing map (SOM]| training procedure

(Crane and Hewitson, 2003)
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Downscaling: spread of Malaria in Africa

Quantifying the Influence of Environmental Temperature
on Transmission of Vector-borne Diseases
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Figure 5 | Maps illustrating number of days for malaria to become transmittable across Africa within the defined malaria transmission zone utilizing
outdoor temperature. Maps A, B and C as in Figure 4.
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Implications of temperature variation for
malaria parasite development across
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Temperature is an important determinant of malaria transmission. Recent work has shown that mosquito
and parasite biology are influenced not only by average temperature, but also by the extent of the daily
temperature variation. Here we examine how parasite develop within the mosquito (Extrinsic
Incubation Period (EIP)) is expected to vary over time and space depending on the diurnal temperature
range and baseline mean temperature in Kenya and across Africa. Our results show that under cool
conditions, the typical approach of using mean monthly temperatures alone to characterize the

Cor dence and
requests for materials
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J.1B. (jib18@psu.edu)

tr ion envi will underesti parasite devel In contrast, under warmer conditions,
devel Qualitatively similar patterns hold using both

the use of mean temperatures will overestimate der
outdoor and indoor temperatures. These findings have important implications for defining malaria risk.
Furthermore, understanding the influence of daily temperature dynamics could provide new insights into
ectotherm ecology both now and in response to future climate change.




Downscaling: spread of Malaria in Africa
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Downscaling reveals diverse effects of anthropogenic
climate warming on the potential for local environments
to support malaria transmission
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Fig. 3 Scatter plot of Lifetime Transmission Potential (V) for present day (x-axis) vs future (Y-axis) as predicted
by raw GCMs based on mean temperatures (black symbols) and downscaled climate models based on DTRs
(blue symbols) for 4 sites across Kenya. Data points represent 20-years average from the ensemble of models, the
bars represent the range between lowest and highest average predicted by an individual model. Data above the
dashed grey diagonal line indicate an increase in ¥ as a result of warming, while data below the line indicate a
decrease. Colored contours indicate increases (red) or decreases (blue) in V at 25% intervals (contours read
vertically). The last red contour line represents a 500% increase
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Downscaling Precipitation in PA
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Downscaling Precipitation in PA
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Downscaling Precipitation in PA
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Water Resources Research

RESEARCH ARTICLE A vulnerability driven approach to identify adverse climate and
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Newport, PA ey Poi thresholds: Application to a watershed in Pennsylvania, USA
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Figure 4. Study area: The Lower Juniata watershed and the location of the streamflow
gauge.

For warming within the projected
range of 3-6C, even very small
decreases in summer precipitation
(5% or so) could push runoff into a
vulnerable regime, with substantially
more frequent low-flow conditions
that, along w/ warmer stream
temperatures, threaten nuclear &
fossil fuel energy plants.
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Downscaling Procedure

The 1,n vector of an individual
clata record is compared to the

Multiple iterations g T T 1.n reference vector of each
T T SOM node

are made through the
data set to train the

SOM

The SOM node with the closest
match is the “winner.,” The
winning node is updated to
produce a slightly closer match
to the input vector

The process is repeated A

for each data record _ _
4 Each surrounding node is also

adjusted slightly in the

direction of the input vector.
Tha amount of adjustment
decreasas further away from the
winning node.

Fig. 1. The iterative self-organizing map (SOM]| training procedure

(Crane and Hewitson, 2003)




Downscaling Procedure

Period: 1979-present (daily, 2.5° X 2.5°9)
Atmospheric Variables: ) )
U and Vwinds at 10 m NCEP circulation data
U and V winds at 700 hPa
Specific humidity at 850 hPa
Relative humidity at 850 hPa
Air temperature anomaly at 10 m
Lapse rate 850-500 hPa
| 1.Train SOM
Observed Precipitation
SOM data

GCM circulation data

3. Map GCM data to trained SOM
2. Calculate CDF

Mapped GCM

4. Select CDF and do downscaling

Downscaled precipitation data




Downscaling Precipitation in PA
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TABLE 2. Ratio of mean-square errors (MSEs) (relative to the observed daily precipitation values) using mean downscaled estimates and
q ¥ F 2
climatological mean values.

Station Spring Summer Autumn Winter Annual

Allentown 0.72 0.90 0.77 0.70 0.78
Chambersburg 0.77 0.87 0.78 0.72 0.78
Franklin 0.82 0.88 0.83 0.79 0.84
Greenville 0.82 0.85 0.82 0.81 0.83
Harrisburg 0.75 0.91 0.76 0.71 0.78
Johnstown 0.79 0.88 0.81 0.84 0.84
Montrose 0.75 0.86 0.78 0.81 0.79
New Castle 0.83 0.88 0.86 0.80 0.85
Palmerton 0.78 0.89 0.78 0.70 0.80
Ridgway 0.81 0.86 0.81 0.79 0.83
State College 0.85 0.86 0.81 0.80 0.83
Stroudsburg 0.70 0.86 0.73 0.70 0.74
Towanda 0.81 0.87 0.81 0.81 0.82
Uniontown 0.83 0.88 0.78 0.84 0.84
Warren 0.80 0.85 0.81 0.80 0.82
‘West Chester 0.77 0.85 0.80 0.78 0.80
York 0.71 0.87 0.74 0.72 0.76
Avg 0.78 0.87 0.79 0.77 0.81
95% CI (0.780, 0.788) (0.870, 0.873) (0.791, 0.796) (0.769, 0.776) (0.806, 0.811)

Liang Ning
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TABLE 3. Ratio of widths (as defined by interquartile range ) of downscaled NCEP vs observed climatological precipitation distribution
(days with nonzero precipitation only).

Station Spring Summer Autumn Winter Annual

Allentown 1.35 0.46 0.89 0.80 0.91
Chambersburg 1.00 0.38 0.79 0.58 0.73
Franklin 0.77 0.41 0.66 0.67 0.68
Greenville 1.08 044 0.76 0.76 0.76
Harrisburg 1.07 0.29 0.79 0.79 0.82
Johnstown 0.91 0.51 0.87 0.94 0.80
Montrose 1.02 0.57 0.82 0.82 0.87
New Castle 0.89 037 075 0.67 0.66
Palmerton 112 031 0.74 0.61 071
Ridgway 0.85 053 0.69 073 075
State College 0.82 0.40 0.76 0.63 0.70
Stroudsburg 1.50 0.59 0.90 0.68 0.92
Towanda 0.97 042 0.67 0.53 0.67
Uniontown 110 047 077 072 0.82
Warren 0.92 0.50 0.75 0.95 0.79
West Chester 1.14 0.60 0.71 0.53 0.80
York 1.02 0.58 0.99 0.63 0.84
Avg 1.03 046 0.78 071 078
95% CI (1.012, 1.045) (0.452, 0.470) (0.776, 0.791) (0.692, 0.718) (0.768, 0.783)

Liang Ning
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Project Overview
Robust decision making for South Florida water
resources by ecosystem service valuation, hydro-
economic optimization, and conflict resolution

SEWSC . S .

The goal of the National Science Foundation and United States Department of Agriculture Water,
Sustainability, and Climate (WSC) Program is to “... understand and predict the interactions between the

water system and climate change, land use, the built environment, and ecosystem function and services...”

Motivation

With multiple competing water allocation targets,
exposure to extreme climate variability, and
vulnerability to sea level rise (SLR), South Florida
faces a unique severity and diversity of challenges
that lie at the heart of the WSC program.

Every day in South Florida about 7.7 million people,
companies, and farms use more than 3 billion
gallons of water. With expected population growth
and potential climate change impacts, different
water use optimization strategies are needed. In
order to investigate various strategies, a 5-year
$5M WSC project focused on South Florida (the
SFWSC) was initiated in 2013. Project researchers
seek to develop hydrological and economic criteria
for evaluating current and future water use and
provide new insights into the value of water
resources in the region. With this knowledge, the
trade-offs decision-makers face under various
climate change, economic, population, and SLR
scenarios can be evaluated.

Approach

A hydro-economic
optimization model
utilizing a network
design, such as the one
pictured here (Figure 1)
will be developed. The
model will be used to
examine the hydrologic,
economic, and
ecological trade-offs
inherent to competing
management objectives. |~

Figure 1. Schematic of SFWSC
hydro-economic model

February 15,

Novel investigations on the behavioral dimensions
(e.g., risk perceptions) of decision-making in water
resource management and land use planning under
different economic and climate scenarios are also
being explored.
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Objectives
The project’s objectives are to: 1) Develop a hydro-
economic model for South Florida that optimizes
water allocations based on the economic value of , Participating
water; 2) Develop new information on the JOStEUN RS
economic value of ecosystem services to be
incorporated into model formulations; 3) Test
management schemes designed to increase the
resilience of water resources to climate variability,
climate change, and SLR; 4) Engage stakeholders to
improve understanding of the cognitive and
perceptual biases in risk management and decision-
making; and 5) Develop recommendations for
adaptive water management that optimize
economic and ecological productivity and foster
sustained public support.
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Participants
The SFWSC project team is an interdisciplinary
group of hydrologists, ecologists, economists, and
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Researchers to investigate
Everglades ecosystem, climate
change

UNIVERSITY PARK, Pa -- Water management in the Florida Everglades is
the focus of a National Science Foundation grant awarded to Jose Fuentes,
professor of meteorology.

The project will explore the hydrologic, ecologic and economic impacts of
management strategies designed to increase the resilience of the
Everglades ecosystem to climate variability, climate change and sea level
rise. This research is part of a larger, ongoing project at Florida
International University looking at coastal ecology and hydrology. The
Penn State award is for five years at $300,514.

With southern Florida's population of & million projected to grow to 10
million in 20 years, management of urban fresh water becomes critical.
Sea level rise and salt-water intrusion into the water table already impact
drinking water supplies and threaten low-lying environments as diverse as
Miami Beach and the Everglades.

Fuentes, working with Michael Mann, distinguished professor of
meteorology, Penn State, will use regional climate change scenarios to
develop management strategles that ensure the resilience of water
supplies, The researchers will assess approaches to ensuring effective
communication of scientific information to stakeholders in the face of
potential biases in cognition and perception. They will also try to
determine how regional climate change and variability, and sea level rise
will affect the future water supply and its management.

oastal Everglades
nged in the past
?
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Project Overview
Robust decision making for South Florida water
resources by ecosystem service valuation, hydro- Economic Determine
economic optimization, and conflict resolution

WATER, SUSTAINABILITY, AND CUMATE

The goal of the National Science Foundation and United States Department of Agriculture Water,
Sustainability, and Climate (WSC) Program is to “... understand and predict the interactions between the
water system and climate change, land use, the built environment, and ecosystem function and services...”

Motivation

With multiple competing water allocation targets,
exposure to extreme climate variability, and
vulnerability to sea level rise (SLR), South Florida
faces a unique severity and diversity of challenges
that lie at the heart of the WSC program.

Every day in South Florida about 7.7 million people,
companies, and farms use more than 3 billion
gallons of water. With expected population growth
and potential climate change impacts, different
water use optimization strategies are needed. In
order to investigate various strategies, a 5-year
$5M WSC project focused on South Florida (the
SFWSC) was initiated in 2013. Project researchers
seek to develop hydrological and economic criteria
for evaluating current and future water use and
provide new insights into the value of water
resources in the region. With this knowledge, the
trade-offs decision-makers face under various
climate change, economic, population, and SLR
scenarios can be evaluated.

Approach

A hydro-economic
optimization model
utilizing a network
design, such as the one
pictured here (Figure 1)
will be developed. The
model will be used to
examine the hydrologic,
economic, and
ecological trade-offs
inherent to competing
management objectives. |

Figure 1. Schematic of SFWSC
hydro-economic model

Novel investigations on the behavioral dimensions
(e.g., risk perceptions) of decision-making in water
resource management and land use planning under
different economic and climate scenarios are also
being explored.

Objectives

The project’s objectives are to: 1) Develop a hydro-
economic model for South Florida that optimizes
water allocations based on the economic value of
water; 2) Develop new information on the
economic value of ecosystem services to be
incorporated into model formulations; 3) Test
management schemes designed to increase the
resilience of water resources to climate variability,
climate change, and SLR; 4) Engage stakeholders to
improve understanding of the cognitive and
perceptual biases in risk management and decision-
making; and 5) Develop recommendations for
adaptive water management that optimize
economic and ecological productivity and foster
sustained public support.

Project Support

This material s based upon work supported by the National Science
Foundation under Grant No. EAR-1204762. Any opinions, findings, and
conclusions or recommendations expressed in this material are those of the
authors and do not necessarily reflect the views of the National Science
Foundation.
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Downscaling Precipitation for Southern Florida
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CONCLUSIONS

Climate Downscaling is critical for assessing climate change
Impacts at regional and local scales.

«Statistical downscaling uses empirical relationships between large
and local scales to downscale climate model simulations.

Statistical downscaling techniques offer the the advantage of (a)
being highly efficient and (b) circumventing potential physical
limitations of models w.r.t. e.g. convective parameterizations, etc.

*On the other hand, they invoke certain types of statistical stationarity
assumptions that can be circumvented with dynamical/physics-based
approaches.

Downscaled climate model simulation results can play a critical role
In integrated assessment tools for assessing climate change impacts
and mitigation strategies.

*Application of appropriate climate downscaling methods is likely to
play a critical role in evaluating climate change impacts on the
critical southern Florida region.



» How to downscaling?

» Dynamical downscaling
» Higher resolution numerical model constrained in GCMs

» Statistical downscaling

» ' Transfer functions between synoptic states and the
parameters of interest

» Advantages and disadvantages



Step 1: Train SOMs
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The 1,n vector of an individual
clata record is compared to the
1.,n reference vector of each
SOM node
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The SOM node with the closest
match is the *winner.” The
winning node is updated to
produce a slightly closer match
to the input vector

X

The process is repeated

for each data record

4 Each surrounding node is also

adjusted slightly in the

direction of the input vector.
The amount of adjustment
decreasas further away from the
winning node.

Fig. 1. The iterative self-organizing map (SOM) fraining procedure

(Crane and Hewitson, 2003)



Step 2: Calculate Cumulative Distribution

» Map synoptic state of each day from NCEP data
to one node of the already trained SOM

» For each node:

» Rank the precipitation on those days mapped to this node from low
to high

» Fit a spline to the ranked precipitation data
» Interpolate off spline to 100 ranks

» Each station is described by 99 different CDFs
related to 99 characteristic synoptic states



Steps 3&4: Map GCMs data and do downscaling

» Map synoptic state of each day from NCEP or
GCMs data to one node of the already trained
SOM

» For each step:

» A precipitation value is generated by multiplying 100 with r between O
and 1 determined by randomly selecting from the associated CDF for

that synoptic state.

» Persistence of rainfall accomplished by modifying r. If rain occurs on
the first day, then for the second day %2\r is used.

» Generate 1500 time series



PRECIPITATION DOWNSCALING
OVER PENNSYLVANIA




Observation

=)
-
3
L)
<
7]
L
N
-
>
=
-

82°W  80°W B82°W  80°W 82°W  80°W 82°W  80°W
T[] [1TTTH
100 140 180 220 260 300 340 380 420 460 500 540 580 620 mm

Figure 3: Same as Figure 1, but we employ a bias correction for each season
in the final product that is constructed using CMIP5 downscaled precipitation.
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Figure 2: Same as Figure 1, but using NCEP downscaled precipitation.




Outline

» Introduction to the downscaling
» Data sets
» Downscaling procedures

» Validation of Downscaling over the Historical
Era

» Evaluation of GCMs circulation data

» Evaluation of the downscaling method

» Comparisons between observed and downscaled
precipitation data



Three data sets:

» NCEP reanalysis data
Period: 1979-present
6-hourly averaged to daily
25°x25°

Variables:
U and V winds at 10 m
U and V winds at 700 hPa
Specific humidity at 850 hPa
Relative humidity at 850 hPa
Air temperature anomaly at 10 m
Lapse rate of temperature 850-500 hPa



» Why downscaling?

Model 1D, Vintage

Sponsor(s), Country

Atmosphere
Top
Resolutior®
References

Model ID, Vintage

Sponsor(s), Country

Atmosphere
Top
Resolution=
References

1: BOC-ChMA, 2005

Beijing Climate Center, China

top =25 hPa

TE2 (1.2 % 1.9°) L16
Dong et al., 2000; CSMI
2005; Xu et al., 2005

2: BCCR-BCM2.0, 2005

Bierknes Ceantre for Climate
Resesarch, Norway

top =10 hPa
TE2 (1.2° % 1.97) L31
Degué e al., 1994

A1

FEOALS-g1.0, 2004

Maticnal Key Laboratorny

of Mumearical Modsling for
Atmospheric Sciences and
Geophysical Fluid Dynamics
{LASG)Y Institute of Atmospheric
FPhy sics, China

top = 2.2 hiPa
T42 (-2.8%x 2.8 L26
Wwang et al., 2004

top = 32 hPa

11: GFDL-CM2.0, 2005 LS. Department of Commerosas 2.0 x 2.5% L24
oD — 2.2 hPa Mational Cceanic and GFDL GAMDT, 2004
3 CCSM3. 2005 MNational Center for Ta%_“ 4° x 1.4°) L26 Atmospheric Administration
: : Atmeospheric Research, USA Colline ot ol 5004 (NOAA) Geophysical Fluid top = 3 hPa
ot Dynamics Laboratory (GFDL). 2.0° x 2.5 L24
top =1 hPa 12 GFDL-CM2.1, 2005 =r GFDL GAMDT, 2004
T4?_{ 2.8° x 2.8%) L34 with saemi-Lagrangian
4: CEGCM3A(TAT), 2005 - - McEarlane et al., 1992: transports
r\cdar;a?|l'an Cezt:e :J:r (_jllmate Flato, 2005 top = 10 hPa
odelling an nalysis, . _ _ aTw4® Lz
Canada _Tran;T Thee . 12 GISS-AOM, 2004 B e e aay  ussell et al.. 199s;
' ~1.9" x1.9° pace ministraticn S Russell, 2005
5 CGOMS.1(T63), 2005 McFarlane et al, 1992; Goddard Institute for Space T =
Studies (GISS), USA op = 0. a
Flato 2005 14: GISS-EH, 2004 ! ! 4° % 5° L20
Météo-France/Centre top = 0.05 hPa Schmidt et al., 2006
6: CMNRM-CM3, 2004 Mational de Recherches TE3 (~1.97 x 1.07) L45 top — 0.4 hPa
Meteorologiques, France Deaque =t al., 1994 15 GISS-ER, 2004 MAS A/GISS, USA 4° x 5° L20
— Schmidt et al., 2006
Commonwealth Scientific
and Industrial Research top=4.5 hPa top = 10 hPa
. N et _4.g° : . - -
T CSIRO-MEZ.0, 2001 Orgamsatlo_n (CSIRO) T63 (~1.9° x 1.9°) L18 16 INM-CM2.0, 2004 Irstitute fo_r Numerlf:al 4w 57 L2
Armospheric Research, Gordon et al., 2002 Mathematics, Russia Alekseev et al., 1998;
Australia Galin et al.,, 2003
. top=10 hPa " " . top =4 hFa
Institut Pierre Simon L lace,
8: ECHAMS/MPI-OM, 2005 m:ezg’;k '”GSE::::ZJO' T2 (~1.9° % 1.97) L34 17: IPSL-ChM4, 2005 Pronoe = : 2.5° x 3.75° 119
oy o Roeckner et al., 2003 Hourdin et al., 2006
Meteorological Institute Center for CGlimate System top = 40 km
of the University of Bonn, 18 MIRODGC2.2(hires), 2004 Rasearch (University of TH06 (~1.1° % 1.1°) L56
Meteorological Research top =10 hPa Tokyo), Mational Institute for K-1 Developars, 2004
9: ECHO-G, 1999 Institute of the Korea T30 (~3.9° x 2.97) L19 Environmental Studies, and
Meteorological Administration Roecknar et al., 1996 Frontier Research Center for top = 30 km
(KMA), and Model and Data 18 MIROC3.2(meadres), Global Change [(JAMSTEC), T4Z (~2.8° x 2.87) L20
Group, Germany Korea 2004 Japan K-1 Developers, 2004
) top = 0.4 hPa
200 MRI-CGGCM2.3.2, 2003 m:;fjt':'zgg:l’ Fessarch T42 (~2.8° % 2.68°) L30
(Randall et al, 2007) Shibata =t al.. 1999
- top = 2.2 hPa
MMatiocnal Center for
21: PGM, 1998 ; T42 (2.6 x 2.67) L26
Atmosp heric Ressarch, LUISA Kiehl ot al., 1908
top =5 hPa
______________________________________________________ 22 UKMO-HadCShMa, 1997 2.6 x 3.756° L19
Hadley Cantre for Climate Pope et al.. 2000
} FPrediction and ResearchsMeat
23 UKMO-HadGEMA , Office, UK top = 28.2 km

2003

—~1.3% w 1.9° L35
Martin et al., 2004




» Observed precipitation data
» Period: 1979-2005
» Dally
» 17 stations (39°-42°N, 75°-82°W)

366689® °
4367322

®363699

} A Monthly data available @ Daily and monthly data available
http://cdiac.ornl.gov/epubs/ndp/ushcn/state_ PA.html



» GCMs data

10 GCMs forced by 20c3m scenario
Periods: 1961-2000

Dalily

Regridded to 2°x 2°

Variables: same as NCEP data



» Validation of Downscaling over the Historical
Era

» Evaluation of GCMs circulation data

» Evaluation of the downscaling method

» Comparisons between observed and downscaled
precipitation data
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Frequency distributions across the SOM nodes for atmospheric circulation from NCEP (a), models CCCMA (b), CNRM (c), GFDL (d),
IPSL (e), MPI (f) centered on 40.0° N and 76.5° W (Unit: %)
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The average of the averaged quantization errors over all the SOM nodes for NCEP and 10 GCMs circulation data centered on 40.0° N
and 76.5° W
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The average (a) and standard deviation (b) of the averaged quantization errors across the SOM nodes for NCEP and 10 GCMs
circulation data centered on 40.0° N and 76.5° W



%

30
260

1030

30 f
260 280
o 50

1023

1020

W

““"
ape 30 .ii‘,ﬁ

6

W Ee e K

\-g 2 N\ .,

0 "": \\‘2;::5’ o

=

0
0

40
1010
SEED 280
YUK TR
IR S 1005
260 280

o 50 ..=:E§u!$;§
40 ;&"~‘<ﬁ§{g
- D 1000

260 280
W

il Tl T

N\

3 30 30 30 30 &
Pl 260 280 260 280 260 280 260 pili) 260 280 260 28
Sea level pressure distribution corresponding with 99 SOM nodes (Unit: hPa)




1 1 1 P 1 1 1 1 — 1 Ve r— 1 1 pr—
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0 1] 0 0 0 0 0 0 0 0 0
1] 2 4 -1 1] 1 1] 5 10 1] 50 100 0 50 1] 100 200 1] 10 20 1] 10 20 1] 2 4 1] ] 10 1] 5 10
1 1 1 1 1 1 ?— 1 1 1 1 o—— 1
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0 1] 0 0 0 0 0 0 0 0 0
-1 0 1 1} 10 20 0 20 40 0 20 40 1] z0 40 0 10 20 0 5 10 0 10 20 1] 5 10 1} 5 10 0 20 40
1 ———— 1 s 1 [ 1 — 1 /__ 1 [ 1 1 1 = 1 v 1 /
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0 1] 0 0 0 0 0 0 0 0 0
1] 2 4 1] 2 4 1] 10 20 1] 10 20 0 20 40 1] 10 20 1] 2 4 1] 5 10 0 10 20 1] 20 40 1] 20 40
1 1 1 1 1 — 1 12 1 1 = 1 /_ 1 f"’—
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0 1] 0 0 0 0 0 0 0 0 0
0 2 4 0 10 20 0 5 10 0 10 z0 0 5 10 0 5 10 0 5 10 0 10 20 1] 10 20 0 50 100 0 20 40
1 [ ™ 1 L 1 e 1 — 1 e 1 1 /-*'— 1 [ 1 — 1 ('_ 1 rf'
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1] 0 1] 1] 1] 0 1] 1] 0 0 1]
0 2 4 0 5 10 0 10 20 0 5 10 1] 2 4 0 5 10 0 10 20 0 10 20 1] 10 20 0 50 100 0 20 40
1 1 1 1 1 1 1 1 1 1 1
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0 1] 0 0 0 0 0 0 0 0 0
0 2 4 0 5 10 0 5 10 0 5 10 1] 5 10 i} 10 20 0 20 40 0 10 20 1] 50 100 i} 50 100 0 20 40
1 [ 1 [ 1 [— 1 f,ﬁ 1 1 1 ( 1 (_/_ 1 1 /_/- 1 /_,_
0.5 0.5 0.5 0.5 0.5 / 0.5 0.5 0.5 0.5 0.5 0.5
1] 0 1] 1] 1] 0 1] 1] 1] 0 1]
0 5 10 0 5 10 0 4 4 0 5 10 1] 10 20 0 20 40 0 50 100 0 50 1] 50 0 50 0 20 40
1 /___ 1 / 1 //. 1 1 1 1 1 1 1 1
0.5 0.5 0.5 0.5 ’ 0.5 / 0.5 0.5 (‘_,' 0.5 /_‘, 0.5 0.5 05 /_/'
0 1] 0 0 0 0 0 0 0 0 0
0 5 10 0 5 10 0 10 20 0 20 40 1] 20 40 0 50 100 0 50 100 0 50 1] 50 100 0 50 100 0 20 40
1 /. 1 (r 1 1 1 1 1 1 1 1 1
0.5 0.5 0.5 ﬁ 0.5 0.5 / 0.5 0.5 0.5 ,: 0.5 0.5 / 0.5 //
1] 1] 1] 1] 1] 0 1] 1] 1] 1] 1]
0 20 40 0 50 100 0 20 40 0 50 100 0 z0 40 0 50 100 0 50 100 0 50 100 1] 50 100 0 50 100 0 20 40

The cumulative distribution functions of daily precipitation values corresponding with 99 SOM nodes

(Unit of X-axis: 1, unit of Y-axis: mm)



Probability distributions of daily precipitation
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The probability distributions of observed and downscaled daily precipitation for 17 stations in Pennsylvania during the period 1979-2005



The correlation coefficients between observed and downscaled monthly precipitation amounts over 17 stations during period 1979-2005
The bold indicate that those correlation coefficients can meet 99% significant confidence level

Station 1D Number of months Number of years Correlation coefficient of monthly
precipitation amounts

360106 279 25 r=0.50
361354 313 27 r=0.47
363028 309 27 r=0.43
363526 217 19 r=0.50
363699 153 13 r=0.55
364385 170 15 r=0.49
365915 321 27 r=0.42
366233 307 27 r=0.44
366689 218 19 r=0.47
367477 324 27 r=0.40
368449 320 27 r=0.41
368596 301 27 r=0.53
368905 313 27 r=0.43
369050 292 27 r=0.44
369298 320 27 r=0.45
369464 213 20 r=0.52

369933 321 27 r=0.49
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The absolute and average deviations between observed and downscaled climatology indices over all months and all 17

stations, and the corresponding percentages

Deviations of climatology indices

values

Absolute deviation of median monthly precipitation amount (mm)
Average deviation of median monthly precipitation amount (mm)

Absolute deviation of average monthly precipitation amount (mm)
Average deviation of average monthly precipitation amount (mm)

Absolute deviation of standard deviation (mm)

Average deviation of standard deviation (mm)

Absolute deviation of monthly number of rain days (day)

Average deviation of monthly number of rain days (day)

10.96 (12.02%)
0.17 (0.19%)
8.95 (9.05%)
-1.77 (-1.79%)
8.37 (17.65%)
-0.71 (-1.51%)
0.89 (7.51%)

-0.46 (-3.87%)




Conclusions

» SOMSs Is an effective method to extract the
characteristic synoptic circulation patterns

» The GCMs simulated synoptic circulation
patterns are similar to the observed patterns

» The downscaled precipitation can capture the
main characters of the observed precipitation on
probability distributions, and varieties on different
time scales with close climatology indices



Future work

» Validation of the downscaling on precipitation over
the future era

» Assessment of downscaled maximum temperature
and minimum temperature

» Continue to iImprove the downscaled precipitation,
especially for those months with large monthly
precipitation amounts
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