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'Introduction

Climatic change impacts many aspects of the hydrologic cycle, with interrelated
consequences for mankind that often are difficult to discern. Specific regional climate
change associated with global warming is highly uncertain. However, it is important to '
understand the implications to assess the seriousness of the greenhouse effect and to make
timely decisions on projects in whose lifetime there may be significant. changes.
‘Consxderauons of sxtuauons that may occur (scenanos) help identify p0551b1e effects and
A _bound future condmons Researchers have used general clrculauon models (GCMs) of the
iearthﬂ ; a;mosphere to s1mulate many years of ehmane condmons under current condmons
and for a doublmg of global carbon ledec levels They used a larger-than-reglonal scale
for many mternally consxstent daﬂy meteorolog1cal vanables Reglonal hydrologlcal models
can be lmked to GCM outputs to assess changes assoc1ated w1th chmate change scenarios.

The nnpacts of chmate change on reglonal water supphes have been the focus of several

recent studles :

-The _U.S. Environmental Pretectien Agency (USEPA, 1984) and Rind (persohal

communication, 1988) used the hydrologic components.of general circulation models to
.assess changes in water availability in several large regions throughout North America.
- Rind used only four regions for the entire continent and indicated the need for smaller
region assessments. Because the Laux;entian Great Lakes possess tremendous water and

heat storage capacities coupled with constricted lake outlets, they respond slowly to
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state and transient changes in Great Lakes hydrology consequent with these scenarios

(Croley, 1990; Hartmann, 1990; and USEPA, 1989).

The present paper presents the mcthodoloéy of linkago bctwccn the hydrology models and

the GCMs as used by GLERL for the USEPA study. It then examines the u:nphcauons of

these hnkagcs in hydrological impact assessments.

‘ Component Process Models

The Great Lakes Environmental Research Laboratory developed conceptual model-based
techniques and a master computer procedure that integrates the six processes outlined

below:

- 1. GLERL's Large Basin Runoff Model provides rainfall-runoff relationships for

simulating moisture storages and runoff from the watersheds draining into the Great
Lakes. - : . i SRR ETEEI R TE P S o

s each of the lakes. ==+ = .. " '..,-‘;?_ Ty L " ;;:-;;_,._.j-_’-__-:-;»- SRS »
3. Point thermodynamic modcls permit the calculauon of the heat storagcs and evaporanon
from each of the lakes

4. The Lakc Supenor regulanon plan allows outﬂow docmons mto thc St. Marys Rlver

| 5 The Hydrologxc Rcsponse Modcl routes ﬂows thmugh thc conncctmg channcl network

bctwcenthclakes L ] ) ) L
6. Thc Lakc Ontano rcgulauon plan permns dec1smns of outﬂows to thc St. Lawrence

River.

Togcthcr, these six proccsscs prowde a model of thc ennre Great Lakes systcm GLERL
dcveloped the modcl specifically to look at chmate change impacts by domg sxmulauons
with historical meteorology (representing an unchanged chmate) and simulated metcorology

(representing a changed climate) and by coa:paring the simulations. The model requires
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D unrepresentauve ratios. GLERL used differences mstead. S R

spaced 7.83 degrees latitude by 10 degrees longitude (GISS), 4.44 by 7.5 (GFDL), and 4
by 5 (OSU). Figure 7 illustrates the GFDL grid and Tables 4, 5, and 6 show 1xCO; mean
- monthly January air temperature over the United States, 2xCO> a1r temperatures, and their
ratio, respectively, from the GISS model. These values define averaged GCM output over
the grid. Each value in Tables 4-6 represents an average over a grid square centered on the
given location, and applying halfway to the neighboring locations in the table. The ratios in

Table 6 resulted by convertmg the temperatures m Tables 4 and 5to absolute temperatures :

and by d1v1d1ng 2xC02 values (T able 5) by respectwe GCOz values (Table 1). (To convert
to absolute temperatures m Kelvin degrees from Celsius degrees, add 273.16 degrees.) The

o average monthly ratios at each gnd location of prempttatlon spec1ﬁc hutmdaty, and cloud

cover were computed dxrectly from the GCOz and 2xC02 GCM results Smce the GCMs
did not produce wind speeds dxrectly, they came mdlrectly from momentum terms,
resultmg in monthly averages that poorly reﬂect mstantaneous values Also, smce they

were vector, mstead ‘of scalar, averages that tend ‘to be low, they resulted in

..a. -,-f» T - - - R
2, [ N [
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' ” lGLERL apphed these monthly rauos and dtfferences to darly h1stoncal data sets to estxmate

t...__: F PR, '&w‘ :

. ‘30-year sequences of atmosphenc condmons assocxated w1th a changed chmate referred to
h '.as the "2xCOz" scenarros Each of the 770 000 square kllometers w1thm the Great Lakes
basm was mspected to see whtch of the GISS GFDL or OSU model gnd pomts were
closest. Then they apphed the monthly adjustment at that gnd pomt to data represenung that
_ square kllometer By combmmg these values for all square kllometers representmg a

kwatershed ora lake surface they denved areally-averaged monthly scenano adjustments
-They apphed these adJustments to the1r areally-averaged datly data sets for the watershed or
O lake surface, respecuvely GLERL muluphed (or added) the adjustment rano (or dxfference)
| Ato the historical data to denve the 2xC02 "data” (they used each monthly ad;ustment for all

| days of that month). For ciample;they mﬁiﬁpﬁed the ratio of absolute air tempcrature in

39

Com b e et B T R PR



o

Table 4. GISS Model January Composite Surface Air Temperature:
Control Run (1xCO3), degrees Celsius.

s ..+« w- - Longitude (Degrees)

(chms) --130.00 -* -120.00" --110.00 - _-10000 --90.00 :-80.00 :.-70.00

58.70 1403  -19.66 -2024 -21.48 2229 -19.58  -19.12

50.87 3.98 -7.26 -9.67 -9.25 -8.34  -1144  -12.39
43.04 9.84 -0.45 -8.16 -6.21  -3.32 -4.27  -0.02
35.22 14.40 9.37 -2.65 0.62 0.83 7.01 16.68
27.39 19.05 16.70 1245 10.70 17.00 -19.66 22.48

Table S. GISS Model January Composxte Surface Air Temperature
~“ Climate Change Run (2xCO,), degrees Celsnus

Long1tude (Degrees)

Latitude ' |
- (Degrees) - "130:00. -120.00 -11000  -100.00 . -90.00  -80.00 ...-70.00

5870° "-'725 1100 1092 U <1186 -7.52 =388 - -5.97

..5087 . .. 767, -064  .-340 ..-375 .. .-328  .-333. . -418
C43.04 T 1374556014 T 0.85 T 0,29 2887 Y1.86 7 4.97 -
. .3522 . 1792.,..14.18  _.446 . .567 ... 557 ...10.61 . ..19.11.
52739 TTT22,00 2167 71737 1491 71941 T7722.16 2530

Tab}e 6. GISS Model January Composxte Surface Air Temperature Ratio,
' (ZXCO;;/IXCOz)

Longitude (Degrees)

R )

Latitude -
(De )_,_-130.00 . -120.00 -110.00 --100.00 - -90.00 . -80.00 _ -70.00

58.70 1.0262  1.0342 .1.0369 1.0382 1.0589 1.0619 1.0518
-50.87 - -1.0133 1.0249 1.0238 . 1.0208 1.0191 1.0310 - 1.0315
43.04 1.0138  1.0242 1.0276 1.0244 1.0230 1.0228 1.0182
35.22 1.0122 1.0170 1.0263 1.0184 1.0173 1.0128 1.0084
27.39 1.0101 1.0172 10172 1.0148 1.0083 1.0086 1.0095
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There were serious difficulties in analyzing transient impacts of climate change with short

-~ -~ 'historical data sets. In simulating 80 years (1981-2060) by using 30 years of historical data
7'(1951-80) repeated three times, the variations contained in the historical record repeat of

" course. As GLERL made adjustxnents to the historical data to reflect the transient GISS

climate changes, they found that the repeating fluctuations of the historical record

completely dominated the superimposed climate changes. This obscured the effect of

- climate change. They could have used 30-year averages to filter historical variations for
- presentation of the results. However, the simulations contained only two complete 30—year

-periods and a 30«year average filters some of the chmauc change as well. GLERL

dlscemed the 2xCO; signal from the hxstoncal vanauons in the ad_]usted data sets by

R 'companng values 30 years apart, thus ehmmaung the (repetitive) hxstoncal variations. They
‘used the followmg approach to nge a very general 1dea of tran51ent behawor They

" compared the GCM 2xC02 and base cases tran51ent s1mulauon changes for decades 1, 4
'vand 7 (1981-90 2011-20 and 2041 50 each based on the same 1951-60 data penod)

Slmxlarly, they compared changes for decades 2 5 and 8 (1991-00 202 1-30 “aind 2051-

‘60) each based on the same 1961-70 data penod. Fmally, they compared changes for

TiT 27

, _decades 3 and 6 (2001 10 and 2031-40), each based on the same 1971 80 data penod. This

A WRANT L Lain ek on» -

allowed them to ehmmate the effect of the repctmve natural vanauons smce the same

_' V“Ddﬂlymg hlStOﬂcal data segments Were used in each gmupmg and chmate change trends

could be 1dent1ﬁed
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Implications B T

- The hydrological study results should be received with caution, since they are, of course,

‘dependent on the GCM outputs with inherent large uncertainties in the components,

assumptions, and data. Transfer of information between the GCMs and the hydrologic

models in the manner described involves several more assumptions. First, as previously

‘mentioned, spatial and temporal variabilities of the 1xCO, and 2xCO; data sets are the
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- - each other. Of secondary importance, the spatial averaging of meteorological values over a

"~ - GCM grid box filters all variability that exists in the GCM output over that grid box. If

:-researchers could use GCM outputs at the grid box comers and interpolate between these
pomt values, then 'they xﬂight ptesct'vc at least some of thc spatial variability. Of cou;sé, vye':
know little about the validity of spatial linear interpolation and, for highly variable spatial
data, it may be mappropnatc However, the same is true for the spatial averagmg used to

supply GCM results

The present average spatial resolution of GLERL's models is ahout 1000-5000 km?2.

~ Spatial resolutions finer than this are unnecessary, and GLERL could do much in assessing
changes at resolutions of 100,000-1,000,000 km2 with lumped versions of their hydrology
" models. The coarse spatial resolution of these models is still much finer than the present

‘GCM grids. Since GLERL has daily models derived for other purposes, they used a daily

~*  resolution of data with the models ‘even though weekly or monthly data are adequate for

;27 this spatial scale. (They did not address short-term fluctuations associated with storm

- ~Tsi-movement in the study.) Sl Safwmewaay Do STITEYmATTRI G g pte Lt
: S TOEIITTOUCEG L. Mg s T T e T g e
Thcrc are some spcclfic mscnsmvmcs and unccrtamues m the hydrology modcls that are

i3 . et ]
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useful to notc m conjuncuon w1th desxgmng hnkages w1th GCM output data scts One such

fosmAns

mscnsmvny 1s thh respect to w1ntcrt1me p{cftptmtlpn Wxthout tempcraturcs belowk
freezmg, the snowpack is msensmve to prcmpltauon Although the GISS, GFDL and
OSU scenarios show conﬂxctmg estimates of possible precipitation changes, each shows
increases in air temperatures that significantly reduce snowpack storage, eépecially in the
-southern Grcat Lakes basin. Thus, even if prectpxtauon increases are larger than any
~ suggested by thc GCMs, warmer winters will greatly rcducc snowpack. Similarly,
rcgardlcss of actual changes in precxpltauon, the Great Lakes basin will experience
reductions in soil moisture storagc and runoff. Soil moisture and runoff both peak shortly

after "snowmelt and then drop throughout the summer and fall due to high
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However, thxs also illustrates the potcnual for uncertamty in changes in estxmated net

" supplies (and lake levels).

In using GCM simulations as inputs to regional lmpact models, it must be remembered that
there are several inherent problems with this general approach to evaluaﬁng climate change
impacts. The linkage between GCM and hydrology models is poor; no feedback exists
between these independent models. While the GCMs have crude hydrologic process
models, they represent inappropriatelyu larée scales and use yery slmplified
conceptualizations.. The regional hydrologic itnpact rnodels may do ajmuch better job of

representing the hydrology of an area than the GCMs. However, thetr use with GCM

_outputs does not allow the GCM to use these refined processes The feedback from the

land surface (and lake surface) hydrometeorologlcal propertles cannot exist without

mcorporatmg the reglonal hydrology models tnto the atmosphenc modcls ‘The best

potential for this incorporation exists in the newly emergmg area of mesoscale atmosphenc

-;and hydrologlc modehng Here, mesoscale (reglonal) atmosphenc models merge with

".‘ﬁregtonal hydrology models to mcorporate process feedbacks between the models both

K ways Gwen that a GCM reglonal hydrology ‘model srmulanon, stm1lar to that descnbed in
tlus paper 1s attempted then problems wﬂl eomphcatc the mterpretanons of the 1mpacts
o The problems mclude questrons of scale matchmg, spanal and temporal structure

-~51m1lant1es between 1xCOz and 2xC02 s1mulauons, and the Other mformatxon transfer -

problems enumerated above.
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