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Research Questions

Global models and global data sets:
How well do we really know precipitation?

Do models‘and data allow the closure
of the large scale hydrological cycle?




State of the Art Reanalyses & Observation Data Sets

. L Available Horizontal Vertical Temporal
Reanalysis Institution : . . Top level :
time-period Resolution levels resolution
: T255
ERA-Interim S EGCMWIFF 1979 - present (~ 78 km) 60 0.1hPa  6h,1d,1m
MERRA . 1979 - present  1/2°x 2/3° 72 0.01hPa 6h,1d,1m
CFSR 1979 - present 1382 64 0.26hPa 1h,6h,1m

(~ 38 km)




State of the Art Reanalyses & Observation Data Sets

. L Available Horizontal Vertical Temporal
Reanalysis Institution : . . Top level :
time-period Resolution levels resolution
: T255
ERA-Interim S EGCMWIFF 1979 - present (~ 78 km) 60 0.1hPa  6h,1d,1m
MERRA 1979 - present  1/2°x 2/3° 72 0.01hPa 6h,1d,1m
T382
CFSR 1979 - present (~ 38 km) 64 0.26hPa 1h,6h,1m
Variables Hor. resolution Period Output times Version number
GPCC P 0.5° x 0.5° 1901 - 2009 monthly 4.0
GPCP P 2.5° x 2.5° 1979 - 2009 monthly 2.1
CRU P12 0.5° x 0.5° 1901 - 2009 monthly 3.0
CPC P 0.5° x 0.5° 1979 - present daily 1.0
DEL P, T2 0.5° x 0.5° 1900 - 2008 monthly 2.01

GPCC: Global Precipitation Climatology Centre
GPCP: Global Precipitation Climatology Project
CRU: Climate Research Unit

DEL: University of Delaware Air Temperature & Precipitation

CPC: Unified gauge based analysis of Global Daily Precipitation from Climate Prediction Centre




Caution: Significantly Varying Number of Original Data
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How Well Do We Really Know the Water Cycle’?
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Precipitation observation ensemble: GPCC, GPCP, CPC, CRU, DEL

Temperature observation ensemble: CRU, DEL
Reanalysis ensemble: ERA-Interim, MERRA, CFSR

Lorenz and Kunstmann, 2012 (JoHM)



lllustration of Problem: GPCC Precipitation August 2007
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GPCC Precipitation Sites for August 2007
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Trends from Gridded Observation Data Sets?
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Example Syria
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Climate change i» , %

26\

amont-Doherty

_.eived for review November 16, 2014)

Ly exploiting limited land and water resources
_wor sustainability (10).

.atical consequence of these unsustainable policies is the
_ccline of groundwater. Nearly all rainfall in the FC occurs during
the 6-month winter season, November through April, and this
rainfall exhibits large year-to-year variability (Figs. 14 and 24). In
Syria, the rain falls along the country’s Mediterranean Sea coast
and in the north and northeast, the primary agricultural region.
Farmers depend strongly on year-to-year rainfall, as two thirds of
the cultivated land in Syria is rain fed, but the remainder relies
upon irrigation and groundwater (11). For those farms without
access to irrigation canals linked to river tributaries, pumped
groundwater supplies over half (60%) of all water used for irri-
gation purposes, and this groundwater has become increasingly
limited as extraction has been greatly overexploited (4). The
government attempted to stem the rate of groundwater depletion
by enacting a law in 2005 requiring a license to dig wells, but the
legislation was not enforced (6). Overuse of groundwater has
been blamed for the recent drying of the Khabur River in Syria’s
northeast (6). The depletion of groundwater during the recent
drought is clearly evident from remotely sensed data by the
NASA Gravity Recovery and Climate Experiment (GRACE)
Tellus project (Fig. 2C) (12).
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Example Syria

CRU 3.22

DEL 3.02

mm wintertime precip per decade

1980-2010
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Closure of the Water Cycle in Global Datasets

Imbalance derived from terrestrial balance:

ds
=R—P+ET, +—

0
dt

hyd — R — Rhyd

Imbalance derived from atmospheric balance:

ds
5. =R—R, =R+V-Q+

aim atm (ff
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Closure of the Water Cycle in Global Datasets

Resolution

Variable Dataset Version Spatial Temporal Time period

P GPCC 6.0 0.5° % 0.5° 1 month 1901-2010
GPCP . . 1 month 1979—present
opC Gridded station values oot 1979 present

CRU 31 0.5 X 0.5° 1 mor*’ 1901-2009

DEIL 201 0.5° % 0.5° 1900-2008
ET, ERA-Interim — 0.75° x 0.75° 2 b\e '979-present
Noah 3.3 10° ss\ M8-present

GLEAM ViR S o) 1984-2007

EL%TSET viv: D et a“o“ '5\“ e %gg;igll

A c\o

MERRA-Land” “\b L, Lday,1h 1980—present
V.Q ERA-In! 9“ cO a\a‘\ nonth, 1 day, 6h 1979—present
" ‘a\ \ v swdels onth, 1 day, 6h,3h, 1h 1979-present

X0 \Na‘,e AU i month, 1 day, 6h 1979-2011
dl \“ ‘0( — 1 month 2003—present
— 1 month 2003—present

Ro, auge values — — —

Rae Ve 107 x 1.0 1 month, 3h 1979—-present
CLM 2.0 1.0° X 1.0° 1 month, 3h 1979—present
~LDAS Noah 2.7 0.25° X 0.25° 1 month, 3h 2000—present
GLDAS Noah 3.3 1.0° X 1.0° 1 month, 3h 1948-present
GLDAS Mosaic 1.0° X 1.0° 1 month, 3h 1979-present
MERRA-Land 1.0 1/3° X 2/5° 1 month, 1 day, 1h 1980-present

Lorenz et al., 2014 (JoHM)
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Closure of the Water Cycle in Global Datasets
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Runoff data
Lorenz et al., 2014 (JoOHM)
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Closure of the Water Cycle in Global Datasets

4 R

10 20 30 40 50 60 70 80 90 96

In total consideration of 96 catchments

Lorenz et al., 2014 (JoHM)



Analysis of the Closure of Modeled Water Budgets

Long-term water budget imbalance

Basins with significant data gaps | - Iy
Unmarked basins 0 25 50 5 100

% of the mean annual runoff

P: GPCC; ET. MOD16; dS/dt: GRACE GFZ Release 5
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Analysis of the Closure of Modeled Water Budgets

Long-term water budget imbalance > 25% of the mean ann. runoff

| Basins with significant data gaps l |
| Unmarked basins 0 25 50 75 100
% of the 90 data combinations

Lorenz et al., 2014 (JoHM)
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Summary and Conclusions

m Still major knowledge gaps in understanding the water
cycle, not only on large scales, also on smaller regional
scales

m Hydrological analyses and trend derivation based on
gridded observations need careful treatment

m Tremendous imbalances in water balance closure
m Concerted modeling and observation efforts as

prerequisite for future improvement of regional water cycle
analysis & -quantification
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Example Syria: Figeh Spring/Damascus

APRIL 2013 SMIATEK ET AL. 577

Hydrological Climate Change Impact Analysis for the Figeh Spring
near Damascus, Syria
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Institute for Geography, University of Augsburg, Augsburg, Germany
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Atmaspheric Environmental Research, Institute of Meteorology and Climate Research, Karlsruhe Institute of Technology,
Garmisch-Partenkirchen, and Institute for Geography, University of Augsburg. Augsburg, Germany

(Manuscript received 14 May 2012, in final form 17 October 2012)

ABSTRACT

A set of downscaled climate change data from transient experiments with regional climate models has been
used to access the future climate change signal in the area of the Figeh spring system in Syria and its potential
effects on future water availability. The data ensemble at a spatial resolution of 0.25" has been investigated
for the period 1961-90 for present-day climate and the periods 2021-50 and 2070-99 for future climate. The
focus is on changes to annual, seasonal, and monthly surface air temperature and precipitation. For the first
time, the Figeh spring discharge has been assessed with a hydrological runoff model based on an artificial
neural network (ANN) approach. The ANN model was formulated and validated for the years 1987-2007.
applying daily meteorological driving data. The investigations show that water supply from the spring might
face serious problems under changed climate conditions. An expected. a precipitation decrease of about

11% in winter and —8% in spring. together with increased temperatures of up to +1.6°C and a significant
decrease in snow mass, can substantially limit the water recharge potential already in the near future until
2050. In the period 2070-99, the annual precipitation amount is simulated to decrease by —22% and the
annual mean temperature to increase by +4°C, relative to the 1961-%0 mean. The ensemble mean of the
relative change in mean discharge reveals a decrease during the peak flow from March to May. with values up
to —=20% in 2021-50 and almost —50% in the period 2069-98, both related to the 1961-90 mean.

1. Introduction a record global 12-month running mean temperature
high was reached (Hansen et al. 2010). and the EM re-

The Figeh snrine_ located 16 km northwest of Damascus
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Example Syria: Figeh Spring/Damascus
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Analysis of the Closure of Modeled Water Budgets
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FI1G. 9. Box plot showing the relative water cycle imbalance with respect to the observed mean annual runoff. The lower and upper
bounds of the gray boxes depict the 25th and 75th percentile of the 90 ensemble members of Ryyq; while the line within the boxes shows the
median imbalance. The blue (red) dots are the minimum imbalances from Ryyq (Raim). The background colors indicate Arctic (blue) and

tropical (green) catchments. The Arctic catchments have been chosen according to the entries in the ArcticRIMS database. For the
tropical regimes, we have selected the basins within 23.5°§-23.5°N latitude.

Lorenz et al., 2014 (JoHM)
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