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Less than 2 °C warming by 2100 unlikely

Adrian E. Raftery'*, Alec Zimmer?, Dargan M. W. Frierson’, Richard Startz* and Peiran Liu!

The recently published Intergovernmental Panel on Climate
Change (IPCC) projections to 2100 give likely ranges of
global temperature increase in four scenarios for population,
economic growth and carbon use'. However, these projections
are not based on a fully statistical approach. Here we use
a country-specific version of identity to develop a
statistically based probabilistic forecast of CO, emissions
and temperature change to 2100. Using data for 1960-2010,
including the UN's probabilistic population projections for all
countries™, we develop a joint Bayesian hierarchical model

15 a specific version of the IPAT equation, Impact = Population

Affluence x Technology. We use data from 1960 to 2010
on GDP per capita and carbon Intensity for most countries. We
build a joint Bayesian hierarchical statistical model for GDP per
capita and carbon intensity in most countries, and combine it
with the UN pre
predictive distribution

listic

projections to produce a

{ quantities of interest 1o 2100. We develop

a probabilistic forecast

sbal temperature increase by combining

them with the relationship between cumulative CO, emissions and

temperature used by the IPCC

for Gross Domestic Product (GDP) per capita and carbon For GDP per capita we use a Bayesian hierarchical model for
intensity. We find that the 90% interval for cumulative €O,  all countries based on the idea of a workd techne frontier
emissions includes the IPCC's two middle scenarios but notthe  (represented by the US for the period of our data), towards which
extreme ones. The likely range of global temperature Increase  countries may converge'*; see Supplementary Fig. 1. The frontier

.0-4.9°C, with median 3.2°C and a 5% (1%) chance that  is model | onstant drift'”**, This
it will be less than 2°C (1.5°C). Population growth is not a  allows countries with high current growth rates to continue growing v

Jouenal of Hydrology 518 (2014) 250-266

Comtents lists available at SciVerse ScienceDirect ' a
WL Sey
Journal of Hydrology if

\ major contributing factor. Our model is not a ‘business as usual’  fast in the short to medium term, while avoiding unrealistically h,mj
journal hamepage: www.elsevier.com/locate/jhydrol k

Climate change impacts on groundwater and dependent ecosystems @ Conblad

Bjorn Klave ***, Pertti Ala-Aho*, Guillaume Bertrand®, Jason |. Gurdak', Hans Kupfersberger®, .
Jens Kvaerner, Timo Muotka ¥, Heikki Mykra ¢, Elena Preda”, Pekka Rossi®, Cintia Bertacchi Uvo’,
Elzie Velasco®, Manuel Pulide-Velazquez’

*Uniwersity of Oulry, Water Resaurces and Envirommeniof Egineering . 90014 University of Oul, Fnlard
fenland

RANMMAT MEHAETCA OARE CUJIBHEE, HEM Mbl
OXRUOAIN, HA USMEHEHNA PEATUPYIOT OAMKE
Bebscience ARTICLES [JTYBOKUE TOPU3OHTblI N SKOCUCTEMBbI,
SABUNCAWLWNEOT MNMNOA3SEMHbIX BO/,

\ Waler Resaerces Enginecring, und University, Box 118, 277 00 Lund, Sweden
1 Research Institute of Water and Envirnmental Engineering, Universial Palitécsicn de Valéncia, Cami de Vera sfn, #6022 Valencia, Spain

PUBLISHED ONLINE: 23 JANUARY 2017 | DOI: 10.1038/NGEO 2883

Depletion and response of deep groundwater to
climate-induced pumping variability

Tess A. Russo"?* and Upmanu Lall*?

a critical of our water 3 P 8 level declines have occurred
In the USA over recent decades, Including In reglons not typically considered water stressed, such as areas of the Northwest
and mid-Atlantic Coast. This loss of water storage reflects extraction rates that exceed natural recharge and capture. Here,
we explore recent changes In the groundwater levels of deep aquifers from wells across the USA, and thelr relation to Indices
of Interannual to decadal climate vai lity and to annual p . We show that groundwater level changes correspond
to selected global climate varlations. Although climate-Induced varlations of deep aquifer natural recharge are expected to
have multi-year time lags, we find that deep groundwater levels respond to climate over timescales of less than one year. In
Irrigated areas, the annual response to local precipitation In the deepest wells may reflect climate-Induced pumping varlability,
An understanding of how the human response to drought through pumping leads to deep groundwater changes Is critical to
\ manage the Impacts of interannual to decadal and longer climate varlabllity on the nation's water resources. j
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CAMbIN O/INHHbBIN PAL, HABIOAEHWUA B
POCCKMU 3A YPOBHEM TPYHTOBbIX BOZ,
JOKYYAEBCKOM KOJTOALLE
KAMEHHAS CTEMb, BOPOHEXCKAS OBJ/IACTb

« UCTOPMA KAMEHHOM CTENWU HACYMUTAETCA C
NMPOBEAEHMA B 1892 . «OCOBOW 3KCNEAULMEN
JIECHOTO AEMAPTAMEHTA MO UCMbITAHUIO
PA3/INYHbIX CNOCOEOB U MPUEMOB JIECHOTO U
BOAHOIO XO3AMCTBA B CTEMAX POCCUM» MOA,
PYKOBOACTBOM B.B. IOKYYAEBA (1892-1898 IT)

* WM KE Bbl/1 CO34AH 3HAMEHUTbIN AOKYYAEBCKNI
ROMOAELU, HABNOAEHNA 3A YPOBHEM B KOTOPOM
NPOAO/TKAKOTCA NO CEFOAHALIHWIN OEHD.

« 3TO CAMbIV ANIMHHBIV PAA HABTIOAEHWUIA 3A
YPOBHEM TPYHTOBbIX BOZl B POCCUW, EOJIEE 100 JIET

vy (I - )
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Pacxoa
BOAOTOKa

TEOTMAPO/IOMMYECKUE
NMPOUECCHI U MOOAENUN . .

I'MJIPOOUIHYECKHE

HPOHECCHI J
VIIK 556.14:556.332.2:556.136:556.164

NPUHIIMITBI PETHOHAJIBHON OLLEHKW MHO®WIBTPAIIMOHHOTO
IUTAHUS 1OJIBEMHBIX BOJI HA OCHOBE I'EOI'M/IPOJIOTMYECKHUX
MOJIEJIER!

©2010r. C.O. I'punesckuit, C. I1. Tosmskon

I_I O 3 B On H |-OT PA LII M O H An b H O O B-b Eﬂ' M H M T b Mockosckull cocydapemeennnii ynuaepcumem
o s 119991 Mockea ICHI- 1, Jlenunckue copu

B O4HOUN CUCTEME MOAENEN NMPOUECCHI -
PaceMoTpennt IPpHHIMIGL OHEHKH HHAWILTPALMOHHOTO IHTAHNS NOEMHBIX BOA HA OCHOBE MOACAHPO y
TPAHCOOPMAUWNU N NMEPEHOCA BNAT HA i g el skl el s onond
e ol o e e e s e
I—l O B E PX H OCTM 3 E Mn M' 30 H E Aa PALI| M M M B u ||.||\.lf|l‘|.0llll‘(‘lln HTAHMS, 10, |An.||:}|«'|||'|L||(|.~'?|‘|ll‘| OCHOBE CONOCTAICHMS |).|;"I\'II.II11\ ||<|1.|u||'h:;\u.\
NOA3EMHBIX BOMAAX HNPOBRHE BIOHOCHON DEYPEIR J04M AXTHBHOTO BaCGNoNs. TIpHMOHEHHE TAXORD HOIXOS ASMON

MNocrymmaa » peankumio 10.04.2009 ¢

CTPHPYCTCH HA TIPHMEPE 10T0-JTTVIHON HacTH Mockonckoro ApresHatcKkoro Gaccena

\ Kunoweane crosa: midMIKIDAMONHOE THTAHKE HOMIEMIKIX BOL. MOACAHDOBIHUE. TOHA AODALIMK. 101 /

),
OueHKa MHPUNLTPALMOHHOIO NMUTAHUA U pcoB
- noasem BOJ, Ha OCHOBE reornapoi0rnYecKkmnx Mmoaeneun

[loKkTopcKasa ancceptaums : pmHesckmn C. O.




o’/

\/ -

S EOTNAPONOIMMYECKUE
MPOLUECCHI N MOAENTA

 TEOTMAPONOIMHECKAA MOAE/1b
COCTOUT N3 TPEX PACHETHbIX
E/IOKOB.

e MEPBbIN B/IOK —
TPAHC®OPMALMA OCALKOB HA
MOBEPXHOCTW 3EM/IN

« BTOPOW BJ/1OK — B/IATOMEPEHOC
B 30OHE A3PALUNIN

« TPETUW BJIOK — TEODW/IBLTPALMA
B 30HE NOJIHOIO HACbIWEHNA

*P‘

; A1

“ Unsaturated »

ﬂow model

5T l

ET \

Qu I

Groundwater flow model




9 TPAHCOOPMALUKMA OCAOKOB HA
MOBEPXHOCTWN 3EMJIN N B 3OHE ASPALNN

* MOAE/NTNPYEMBIE MPOLECCHI, ONPEAENAKOLWMNE BAJTAHC
BJ/IAT HA MOBEPXHOCTW 3EMJIN B 30HE ASPALINI:

* BbINMALAEHWUE OCAAKOB, TPAHC®OPMALMA NX HA
MOBEPXHOCTW 3EMJIN N BMNNTBIBAHUE B NOY4YBY

* 3BANOTPAHCINPALUWA BJIATU N3
KROPHEOBUTAEMOTIO CNNOA

e BEPTUKAJ/IbHbIV TENOBJ/IATONEPEHOC B 30HE
ASPALUNN OT NOBEPXHOCTW 3EMJIN OO EE
HUMHEN TPAHNLIbL3OHbI

a
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\/ AHanus BIUSIHUS Ha6a100aemMblx KITMMaTH4eCKUX

MaHMIIIaPTHBIX YCIOBUSX

» METOOUNKA:

» MOJE/IMPOBAHHWE BOJHOTO GAJIAHCA HA
[TOBEPXHOCTHU 3EMJIN 1 B BOHE ADPALIMHW HA

OCHOBE ®PAKTHYECKHUX CPEAHEMHOTI'OJIETHUX
METEOPOJIOTUYECKHWX PA/TOB

» COITOCTABJIEHHUE CPEAHEMHOTI'OJIETHET'O

BOIHOTO BAJIAHCA 3A ITEPMO/IBI 1965-1988 U 1989-
2012

M3MeHeHUH Ha yCJI0BUsS pOPMHPOBAHMS BOJAHOTO OajslaHCa
1 UHQUIBTPAIIMOHHOTO MMM TAaHUS B PA3/TUYHBIX

*Crapan Pycca LG onoroe *KocTpoma

*BopoHex

Cxema pacnonoxeHus
AAHANN3UPYEMbIX METEOCTaHLM
N/

%
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OCHOBAHME ANA NPOBEAEHNA NCCNEAOBAHUMN:

CpeanHerozoBasi TeMIepaTypa Bo3zayxa

[omoBbIe CyMMBI OCQJKOB
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- OCHOBHbIE PE3YJIBTATDI =

YBE/IMMEHUE 3UMHEN TEMNEPATYPbI BO3YXA BbI3bIBAET COKPALLEEHME CHEXHOIO
NOKPOBA U MPUBOAUT K AEGOPMALIUM rOAOBOIO r’MAPOIPA®A MOBEPXHOCTHOIO
CTOKA — CITTAXXMBAETCA MUK BECEHHEIO NOJI0BOAbA, A 3SMMHAA MEXKEHDb 3A CYET
OTTENENEUA CTAHOBUTCA HEYCTOUYMBOM

YBE/IMMEHUE TEMMNEPATYPbI BO34YXA BbI3bIBAET POCT CYMMAPHOW
3BAMNOTPAHCNUPALUUN HA 10-30 MM /TOZ, KOTOPAA HA OTKPbITbIX MOJIEBbIX
NNAHAOLWADTAX BbI3BAHA, TMABHbIM OBPA30OM, YBEJIMMEHUEM UCIMAPEHNA, A HA
3AKPbITbIX JTIECHbIX — TPAHCITUPALNI

HECTALIMOHAPHOCTb KIMMATUYECKUX YCNNOBUN NPUBOAUT K CE3OHHOMY
NEPEPACMNPEAENEHUIO BNIATO3AMNACOB 30Hb| ASPALIMW, OBYC/TOBIMBAA BEOJTEE «CbIPOW®
3UMHE-OCEHHUIN MEPUOA U BEONEE «CYXOM» - BECEHHE-NETHU

B PE3Y/ITATE TAKUX HETMHEMHbIX NMPEOEPASOBAHM BOAHOTO BAJIAHCA HA

MOBEPXHOCTW 3EMJIV U B 30HE ASPALIMM MPOUCXOOUT YBENNYEHUE |
CPEAHEMHOTO/IETHEFQ.MCMAPEHUA. NPU 3TOM MPOC/IEXXUBAETCA LUIMPOTHASA s/
3AKOHOMEPHOCTb YBE/INYEHUA CPEAHEMHOTONETHEN UHOUNBLTPALMU OT MEPBbIX

MM/roj, — HA IOrE, 0 50 MM/rof, CEBEPHEE ~ N z - /

N



\/OI'II:IT MCMNO/Ib3OBAHUA TEOTMAPO/IONMYECKOIO
o MOZENMUPOBAHMA NOA3EMHOIO U
MOBEPXHOCTHOIO CTOKA B MAJIOM BACCEMHE

* LE/b

* BbIABJIEHUE BANAHMNA HABNOAAEMbIX KMTMMATUYECKUX USMEHEHWIN HA
PEXMM W BANAHC MOA3EMHbIX BOA HA YPOBHE BACCEMHA MAJIOW PEKU
« 3A0AYU
 PASPABOTKA FEOTMAPO/IOMMYECKON MOAENN MAJTIOTO BACCEMHA

* AHA/IM3 C EE MOMOLLbIO ANHAMMYECKOWU U3MEHYMBOCTU YPOBHEN
[PYHTOBbIX BO4 1N NMOA3EMHOIO CTOKA B PERY

o T\ X y
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ﬂblﬁ 6anaHc Bogocbopa B 1965-2015 rr 8
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NokasaTtenb CpegHee 4

Ocagku, mm 612
MicnapsemocTtb, Mm 600 g: A
CTOK CpeaHnN, MM 117 %
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TemnepaTtypa, °C 5.18 s
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TEOTMAOPOJIOIMYECKAA MOAEJb

e TPAHC®OPMALMA OCAOKOB HA MOBEPXHOCTU
3EMJIN U BMUTBLIBAHWUE B MOYBY B TA/IbIN U
MEP3/1bI1 NEPUOA:

* SURFBAL 5.62 (I 6/IOK TEOTMAPO/IOMMYECKOIA
MOZAENWN)

* MOAE/IMPOBAHWE BJTATOMNEPEPEHOCA B 30HE

ASPALNU U TEOPUNNIBTPALUNA:

* MODFLOW 2005 C UZF FLOW PACKAGE (I U I
BE/IOKU FEOTUAPONIOTMYECKOMN MOAE/MN)

st \ T =




& st/
\/ FEOTMAPONIOTMYCKAA MOAE/Ib BACCEMHA

SURFBAL (1-D MOZE/1b) MODFLOW 2005+UZF (2.5-D MOZENb)
* MCMNOMb3YET BXOAHbIE METEOPA/AbI * MCMNONb3YET PACCYUTAHHOE SURFBAL BMUTbIBAHUE
CYTOYHOTO PA3PELLEHMA ANA XAPAKTEPHbIX B/IATU B NOYBY U NOTEHUUA/IbHYIO
NAHALWAS®TOB 3BAMNOTPAHCMUPALUIO, KAK TPAHMYHBIE YC/IOBMA HA
* PACCYUTBIBAET BAJTAHC TENAA U BNATU HA NOBEPXHOCTU 3EMJIU

MOBEPXHOCTU N B NMOYBEHHOM CJ/10E e BbIYUCAAET

* BbIHUCAAET:  MOCTYN/IEHUE BNATY HA YPOBEHb FPYHTOBBIX BOZ,
e CYTOYHbIV CNOM NMOBEPXHOCTHOIO CTOKA (MATAHMUE)
* MOBEPXHOCTHOE UCMNAPEHME  3BAMOTPAHCMUPALMIO M3 30HbI ASPALMU N C YPOBHS
< BMUTbIBAHUE BJIATU-B'TIOYBY rPYHTOBbIX BO/, \/
* NOTEHUUA/NBHYIO 3BANOTPAHCNUPALINIO * MOZAE/INPYET FTEOPUABTPALIMIO B 30HE MOMHOIO
HACbILLI,EI-I-H‘S-(I ~



N A

S UZF PACKAGE MODFLOW

e PACCYMTBIBAET FPABUTALMOHHOE
NBUKEHWE BNATU B HEHACHILLEHHOW
30HE OT NOBEPXHOCTM 3EMIN A0
YPOBHSA MPYHTOBbIX BO/, C YYHETOM P
OTBOPA BJIATU KOPHAMW PACTEHWW B .
KA¥XJOM BEPXHEM B/IOKE MODFLOW P—
CETOYHOMN MOAENU

* TAKUM OBPA3OM NMNTAHUE HE SAOAETCH, ¥

KAK MNMAPAMETP, A BbIMUCNAETCA: e e ot e b

Documentation of the the Land Surface and the Wa'rer\/
Table and Unsaturated-Zone Flow (UZF1) Package for
ot Jodeling Unsaturated Flow Between able with

MODFLOW-2005 | /

. N
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3 FEODPU/IBTPALIMOHHAA YACTb MOIENN

« NATb PACYETHbIX C/IOEB, MOAENUPYIOLLINX
XAPAKTEPHbIV TMAOPOTEOIOTMYECKUIA PA3PE3
lOro 3ANAAHON YACTU MAB:

« HAOBKOPCKMIA KOMMJIEKC

* OPCKWUIN CNABOMNPOHULIAEMbI FTOPU3OHT

« KAPBEOHOBbIM KOMMEC

« C/NIABOMPOHMUAEMBbIN CNOW HUXKHETO KAPEOHA
« JIEBOHCKMIMN KOMRNJEKC

NMPOCTPACBEHHO BPEMEHHASA CETKA:

B MJIAHE — B/1IOK 1KB KM, AETA/IbHOCTb 3AAAHNA
FPAHWUYHbIX YC/IOBUIA HA MOBEPXHOCTU -1 CYTKU

LAY o '

o
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30HMPOBAHUE YC/TOBUN TPAHCOOPMALUN
OCAAKOB HA NMOBEPXHOCTWU

NMOYBEHHbIN MOKPOB PACTUTEJZIbHOCTb




o O A WD

30HMPOBAHWE YC/TOBUN TPAHCOOPMALIUN
OCAAKROB HA NMOBEPXHOCTWU

PACHETHbIE 30Hbl TPAHCPOPMAL NN
OCAAOKOB HA NOBEPXHOCTWN BOOOCBEOPA

un noys un

dCTUTENIbHOCTU

ecoK-none

eCoK-nec
Cynecb-none
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CyrnnHok-none
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- MOAENbHbIE XAPAKTEPUCTUKWN OAUHAMUKN
g YPOBHEW MPYHTOBbIX BO/1

Koao.

120000
CpepHsan cpeaHee Bapuauum
"CKBaXku rybuHa TpeHpg, nuTaHue CYTOYHOrIO

100000 Ha Nanpwadr YPOBHA, M ybuHbl Mm B rog, nUTaHuA

8 necok-none
50000 4
7
60000_| 1 cynecb-nec 46 napaer 80 0.56
2 cynecb-nec 45 napgaer 81 0.52
10000 6 cynecb-nec 25 HeT 82 9
9 cynecb-nec 4.9 nagaer 86 1.59
3 cynecb-none 1.4 HeT 300* 2.3 /
- 5 cynecb-none 35 napaer 89 8.6

* bes yyeTa MCNapPeHUA C yrs
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Y SARTKOYMUTESIbHBIE SAMEYAHUA

 CEFrO4HA YXKE CYWECTBYKOT MOAE/IUPYIOLLME CPEACTBA, NMPUTOAHbLIE A1 PASPABOTKU
OVHAMMWYECKUX TEOTMAPONOITMYECKMX MOAENEN ANA AHANN3A 3AKOHOMEPHOCTEWN
®OPMUPOBAHNA NMOBEPXHOCTHOIO N NOA3EMHOIO CTOKA B MPEAENAX MAJIbIX PEHHbIX
EACCEMHOB U BbIABMEHMA PEAKLIMN CTOKA HA U3SMEHEHMA KIMMATA

e CO30AHME WU KANUBPALIMA MOAENEN KOHKPETHbIX BACCEMHOB TPEEYET MHTEMPALIUA
AAHHbIX TMAPOTEO/IOTMHECKOTIO TMAPONOIMMYECKOTO MOHUTOPUHA

« MOAE/IbHbIN PETPOCMEKTUBHbIN AHANN3 AMHAMUKM NOA3EMHOIO CTOKA B BACCEWHE
PEKM ¥M3APbl MOKA3AJ, YTO NPOUCXOOALME C CEPEAUHbBI 60-X FTOA0B MPOLLMOMO BEKA
U3MEHEHMA BCE ELLIE HE HOCAT HAMPAB/IEHHOIO XAPAKTEPA, A CBA3AHbI C &
PA3HOHAMPABNEHHOW BPEMEHHOW M3MEHYMBOCTbIO ®OPMUPOBAHUA BMUTHIBAHMA U

PACXOOAOBAHMA BNAT HA MOBEPXHOCTH ~ L |
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o CNACHMBO 3A BHUMAHMUE!

* PABOTA BbINMOJHANACD NPU NOAAEPKKE NPAHTA PH®



