Hydrol. Earth Syst. Sci., 16, 124, 2012 Dy -K

www.hydrol-earth-syst-sci.net/16/19/2012/ Hydr°|°gy and
do0i:10.5194/hess-16-19-2012 Earth System
© Author(s) 2012. CC Attribution 3.0 License. Sciences

Impact of the European Russia drought in 2010 on the
Caspian Sea level

K. Arpel? S, A. G. Leroy?, H. Lahijani 3, and V. Khan*

IMax Planck Institute for Meteorology, Hamburg, Germany

2|nstitute for the Environment, Brunel University, Uxbridge, London, UK

3Iranian National Institute for Oceanography (INIO), Tehran, Iran
4Hydrometeorological Research Center of the Russian Federation, Moscow, Russia

Correspondence tdS. A. G. Leroy (suzanne.leroy@brunel.ac.uk)

Received: 23 July 2011 — Published in Hydrol. Earth Syst. Sci. Discuss.: 15 August 2011
Revised: 6 December 2011 — Accepted: 14 December 2011 — Published: 3 January 2012

Abstract. The hydrological budgets of the Volga basin (VB) used to provide data also for sensitive quantities like surface
and the Caspian Sea (CS) have been analysed. The compevaporation and precipitation. The comparison with indepen-
nents of the water balance for the CS were calculated for thelent data and the consistency between such data for calculat-
period 1993 to 2010 with emphasis on summer 2010 when @ng the water budget over the CS gives a high confidence in
severe drought developed over European Russia. the quality of the data used.

A drop in precipitation over the VB in July 2010 occurs  This investigation provides some scope for making fore-
simultaneously with a decrease in evaporation for the sameasts of the CSL few months ahead to allow for mitigating
area, an increase of evaporation over the CS itself and a dropocietal impacts.
of the Caspian Sea level (CSL). The drop in the precipitation
over the VB cannot lead to an instantaneous drop of the CSL
because the precipitated water needs some months to reagh |ntroduction
the CS. The delay is estimated here to be 1 to 3 months for
excessive precipitation in summer, longer for deficient pre-A blocking anticyclone persisted for 55 days over the central
cipitation and for winter cases. However, the evaporationpart of European Russia including the Volga basin (VB) from
over the CS itself is considered to be responsible for a simulthe end of June 2010. Extreme hot air inflow from Middle
taneous drop of the CSL from July to September 2010. TheAsia into European Russia occurred. Absolute maxima of
impact on the CSL from the precipitation deficit over the VB mean daily air temperature were recorded during this period
occurs in the months following the drought. The water deficit exceeding normal values by 6 to 90 (Parshina, 2010; Bar-
from July to September 2010 calculated from the anomalousiopedro et al., 2011). The extreme hot and dry conditions
precipitation minus evaporation over the VB would decreaseled to widespread crop losses and wild forest and grassland
the CSL by 22 cm, of which only 2cm had been observedfires which were widely reported by the media. In this study
until the end of September (observed Volga River dischargehe impacts of this drought on the Caspian Sea level (CSL)
anomaly). So the remaining drop of 20 cm can be expected irare investigated.
the months to follow if no other anomalies happen. In previ- The Caspian Sea (CS) (36-4Y, 47-54E) is a closed
ous studies the precipitation over the VB has been identifiechasin without any outlet. Its sea level lies around 26 m below
as the main cause for CSL changes, but here from a 10 crthe mean sea level of the oceans26 to —29 m during the
drop from beginning of July to end of September, 6 cm canlast 150yr). Its main water source is the Volga River whose
be directly assigned to the enhanced evaporation over the C€atchment area reaches well into the humid mid-latitudes and
itself and 2 cm due to reduced precipitation over the CS.  which was widely affected by the recent Russian drought.

Further periods with strong changes of the CSL are alsoThe water inflow is balanced by evaporatid) Ever the CS
investigated, which provide some estimates concerning théself including the Kara Bogaz Gol (KBG). The CSL vari-
accuracy of the analysis data. The investigation was possiblability and the water budget of the CS have been investigated
due to the new ECMWEF interim reanalysis data which arein previous studies, e.g. Rodionov (1994), Golitsyn (1995),
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20 K. Arpe et al.: Impact of the European Russia drought

Arpe et al. (2000) and Arpe and Leroy (2007). Ozyavas etbased on their different data streams. However, both data
al. (2011) investigated the water budget for the CS and assets are here merged to include also the year 2010 (Fig. 1a).
signed imbalances to tectonic forces. Several investigations The precipitation over continents and seas is available
on the CSL changes used climate models to estimate the CSfrom the ECMWF interim reanalysis (ERA) (ECMWF,
of the past or for the future. The climate of the last glacial 2011). This is a further development of the ECMWF reanal-
maximum was addressed by Kislov and Toropov (2007).ysis ERA40 by Uppala et al. (2005). An important difference
By using different scenarios for the 21st century, the CSLto ERA4O0 is the usage of a 4-dimensional variational analy-
was predicted e.g. by Meleshko et al. (2008) and Arpe andsis scheme instead of the former 3-dimensional one (Dee et
Leroy (2007). Here we concentrate on CSL variabilities andal., 2011). This largely removes the spin-up of precipitation
CS budget changes on a much shorter time scale and alsand evaporation in the early forecasts, present in many re-
with smaller amplitudes using improved data. analyses of this kind (Trenberth et al., 2011). Precipitation
During summer 2010, the precipitation was only 10 to in this data set is obtained by using many observational data
30 % of the normal value in the VB region (Parshina, 2010).but no precipitation gauge observations and the precipitation
As the precipitation £) over the VB was especially strongly is a product of two 12 h forecasts per day. Anomalies of pre-
hit by the summer drought in 2010, it was most likely that cipitation estimates by GPCC and ECMWF can hardly be
this would have an impact on the CSL as suggested alreadglistinguished as seen in Fig. 1la. They correlate well with
in September 2010 by Lahijani et al. (2010). This study dealseach other with an anomaly correlation coefficient of 0.92
with the drought intensity and connections with other cli- and one can assume that both are reliable, as they are based
matic parameters. It is investigated how far presently avail-on very different observational data and analysis methods.
able data allow a calculation of various components of theAlso the two GPCC data series can hardly be distinguished
hydrological budget and how far their impacts on the CSL for the overlapping period. The 2 m temperatures, wind and
can be identified. For such investigations, extreme eventgvaporation are taken from the ECMWEF interim reanalysis.
like this one are beneficial because of a better signal to noisdhe data are available on a 1 grid. With such a coarse res-
ratio. As the complete set of data is available from 1993 on-olution it is not possible to separate the CS from the KBG.
wards, other periods of CSL changes are also studied for &oth are therefore treated as one unit and referred to below
better understanding of the quality and limits of the observedonly as the CS.
and analysis data. Monthly mean Volga River discharge (VRD) data are
taken from Mimenil Gates et al. (2000) complemented for
the recent period provided by the Hydrological Forecasts De-
partment of the Hydrometeorological Research Center of the
Russian Federation.

Different sources of observational data have been used for Arpe etal. (2000) and Arpe and Leroy (2007) found a con-

: . nection between the CSL variability and ENSO (ERNi—
calculating the hydrological budget for the CS to get a full S : . .
picture of the drought impacts on the CSL. These data ar Southern Oscillation) and therefore this parameter is also in

mostly available on reaular spatial arids which were sub e?/estigated. The US Climate Prediction Center recommends
s t)I/ val df gu s}p tl gtl S Which Were SUDS€ihe use of the Oceanic Nino Index (ONI) which is presented
quently averaged for areas ot Interest. here (CPC, 2011). It is based on the eastern tropical Pacific

The recent CSL observations by satellite (Cazenave et algo4 syrface temperatures (SSTs) in the EioNireas apply-
1997) are taken from USDA (2011). Lebedev and Kos—ing some standardization.

tianoy (2005, 2006) compared gauge observations around the

CS with altimetry observations from satellite. They point to

many uncertainties in both data sets, e.qg. large differences i Regyits

the CSL in different basins and the existence of surges which

can be as large as 2 to 3m in the northern basin. Their datg 1 Overall budget
were available for comparison with the satellite data.

The precipitation over continents up to 2009 is taken fromThe VRD observations at the Volgograd power plant were
the Global Precipitation Climate Center (GPCC) (Rudolf et used to test the different components of the hydrological bud-
al., 2003; GPCC, 2011). GPCC also provides a data set creget (Table 1). Also the estimates by Golitsyn (1995) are given
ated within a period of two months after observation time for comparison.P-E values over the VB are too low com-
which is based on a smaller amount of observational datapared to the observed Volga discharge. Assuming the ob-
called “monitoring product”. Because of the short time avail- served VRD to be correct, one finds an inaccuracy of the VB
able for collecting the data, a lower quality of analysis thanprecipitation of 2% (if this is the only erroneous quantity)
that of the final product is expected. The monitoring productor of VB evaporation of 3% (if this is the only erroneous
is made available at a lower resolution than the final data setquantity). The difference between ERA and GPCC is larger
GPCC therefore provides a warning not to mix time seriesthan the deficit ofP-E compared to the VRD. This is due

2 Observational and analysis data
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Fig. 1. Time series of monthly mean anomalies, i.e. with the mean vro

annual cycle removed, for a selection of variables. A three month_, ) . S .
running mean has been applied for smoothi@yprecipitation over Fig. 2. Time series of monthly mean anomalies, i.e. with the mean
the VB using ERA and GPCC (moni=GPCC monitoring product, a_nnual cycle removed, f¢g) the CSL change and the Vqlga River
GPCC = final product) datdb) evaporation over the VE(S) 2 m discharge (values are converte_dReE for the Vplga basin catch-
temperatures averaged for the (@) evaporation over the CS it- ment area angb) the_ Ocean Nino I_ndex. A nine month running
self, (e) observed Volga River discharge atff CSL. Note that the mean has been applied for smoothing.

CSL values are centred on the first of each month while the other

quantities are monthly means. ) ) _
could lead to an underestimation of the surface wind speed

and subsequently leading to an underestimation of the evap-
to a missing correction of the GPCC data which is neededoration.
to compensate for precipitation undercatchment by gauges Obviously some biases are still present. However the ERA
which can be large in snow conditions (Sevruk, 1982). Tren-data, averaged for the entire CS catchment area, suggest a
berth et al. (2011), who investigated global budgets of waterchange of the CSL for the whole period which differs only
in reanalyses, suggest that the water cycle in reanalyses sy 7 cm per year from the observed one which is only 3 % of
too intense probably with too strong evaporation. Over con-the largest budget term. We are mainly interested how these
tinents the precipitation is probably correct. The water of thequantities change over time. Therefore this study focuses on
Volga is stored in a cascade of reservoirs and partly used foanomalies, this way the impact of systematic errors (long-
irrigation. This surplus evaporation might however re-enterterm mean errors) is reduced. The advantage of looking into
the budget by extra precipitation and it is not clear if that cananomalies is demonstrated by Fig. 2a that compares the time-
be seen in the precipitation analysis. Without taking such aderivative of the CSL with the VRD. The similarity between
loss into consideratior?- E was already too small compared both curves is obvious and the correlation is 0.71.
to the observed VRD.

The VRD contributes normally 80 % of the total discharge 3.2 Precipitation — Volga discharge delay

into the CS and therefore the valuesR{E over the CS are
not sufficiently negative, perhaps by 34 %. The southern CSOne has to assume that there is a delay between a precipita-
is surrounded by high mountains (Leroy et al., 2011) whichtion event over the VB and the VRD of some months. We
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Fig. 3. Selection of years showing extreme events WittE which are followed by extreme events in the VRD. The events are marked by
different colours. The two right ones are those with deficient.

tried to quantify the length of this delay. The delay can al- Table 2. Time delays of Volga RivelP-E extremes afteP-E ex-

ready be shown by comparing the Volga baBE mean an-  yremes over the Volga Basin. For years earlier than 1989 data form
nual cycle with that of the VRDP-E has its maximum from  ERA40 are used.

October to February while the VRD has a maximum in May,

so there is a clear delay of several months mainly due to stor-  pate P-E event  Time delay
age of water on the ground by ice and snow. For summer the
delay is shorter. To show this, single months with anomalous
summerP-E events were compared with monthly means of extreme over several months
the VRD (Fig. 3; Table 2). Generally deficient precipitation Jun1979  maximum  3months, weak

has less obvious impacts on the VRD than excessive precip- extreme over several months
itation, probably due to the existence of dams. These dams  jyn 1996 maximum 1-2 months

let the water pass according to the demand for electricity in May 1997 maximum  1month

the country. Normally the dams are filled in July after the Jul 1972 minimum 2 months, weak

snow melt and with the increase of precipitation during sum- extreme over several months
mer. After that, the VRD responds to the precipitation more
directly. Arpe et al. (2000) therefore used annual means from
July to June the following year to reduce the effect of the dam

Apr 1965 maximum  2month
Apr1974  maximum 2 months, weak

storage. precipitation from 1993—-1994 would only be feltin 1995 and
compensate the deficit from 1995. Also the deficient precip-

3.3 Earlier periods with larger changes of CSL itation for 1996 may be felt in the year to follow. For 1993—
— estimate of uncertainty 1994, the different components of the budget fit quite well

with mismatches in the order of 5cm CSL change per year,
Figure 1 shows time series of different components of the wafor 1995-1996 the mismatches are slightly larger.
ter budget for the CS. This is complemented by Fig. 2. Two In Table 3, the data for 2002 are given as well, a year
periods, 1993-1994 and 1995-1996 have especially strongith an increase of the CSL by 16cm. None of the bud-
changes in the CSL, i.e. an increase of 39 cm in 1993-1994jet components suggest such an increase. The precipitation
and a decrease of 21cm in 1995-1996. For both periodsit the Iranian coast of the CS, an area with high precipitation
the single components of the water budget are given in Tarates (Leroy et al., 2011), not well resolved by the analy-
ble 3. Note that the units in Table 3 are cmyrto make  ses, was also investigated in this study as a possible source
the values of different periods comparable while the valuesfor the CSL increase. However all observations in northern
given above are the changes for the period. The differencefran (IRAN, 2011) show only reduced precipitation in that
between anomalies of the observed VRD ahd over the  year. So this strong increase of the CSL is probably an accu-
VB can partly be explained by the delay between precipita-mulation of small anomalies, smaller than the uncertainty of
tion and the VRD, discussed above. So part of the excessiveur calculation, of several components of the water budget.
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Table 3. Water budget component anomalies for the Caspian Sea{ower valug than that qbtamed above. It confirms .the esti-
catchment area for three periods. Units: change of the Caspian Sé®ates by visual inspection. Trenberth et al. (2011) give some

level per years in cm. For abbreviations see Table 1. estimates of the uncertainty of precipitation and evaporation
data in reanalyses of 5-10 Wthwhich corresponds to 5—
1993-1994 1995-1996 2002 10 mm month'! or 2-4 cm CSL change per month fraPa E

over the VB, which supports the values given here.

CSL change +16 -10 +16

blga discharge +16 —6 +4 .

\?gssrgceiS.VERgA (GPCC)g +7(+9) —26(-31) —13(-7) 3.4 Russian drought

VB evaporation +5 +1 +3

VB P-E +12 _25 —10 The changes of the hydrological budget for summer 2010 are

CS precipitation +4 -2 +2 highlighted in Fig. 4 and Table 4. From June 2010 onwards,

gg }‘ivzporation —i’ +§ —+11 one can find a steady decrease of the CSL. From the begin-

Entire CS catchmenp-E +97 47 3 ning of July to the end of September it is 10cm (Table 4).

Only 2 cm comes from a deficit in the VRD (observed) while
the precipitation minus evaporation over the CS itself, which
has an instantaneous effect on the CSL, contributes for that

_ _ period a decrease of 8 cm of which 6 cm is due to the evap-
Trenberth et al. (2011) pointed to the introduction of new pration alone. The VRD together with-E over the CS ex-

observational data into the analyses schemes in late 200%5ain exactly the drop of the CSL. From tHe-E over the
AIRS (Atmospheric Infrared Sounder) and GPS-RO (Globalyp of —22 cm only—2 cm impacted the CSL in this period.

Positioning System — Radio Occultation). This might have The remaining 20 cm deficit oP-E will have an effect on
affected the ERA data. the CSL in the following months. The CSL anomaly drops
However, in 2002 a change of satellites, used for calculatfurther by 7 cm from the beginning of October to the end of
ing the CSL, occurred from Topex-Poseidon to Jason-1. Perthe year and further more by 5cm to the end of May 2011
haps the adjustment between the satellite data created pasihd the remaining 8 cm could still be expected if all other
of this increase of CSL and therefore the CSL changes mayomponents of the water budget stay normal. However from
not have been as large as shown. The gauge data of Lebed@ctober 2010 to February 2011, excessive precipitation over
and Kostianoy (2005, 2006) were used to compare their CSlthe Volga basin equivalent to an increase of the CSL of 7cm
anomalies (annual cycle individually removed) with those occurred and on the other hand a deficitPofz over the VB
from satellite. The twelve gauges at six sites generally giveoccurred already before July 2010 equivalent to a drop of the
very similar variabilities like the satellite data with a typi- CSL of 24 cm (mainly May—June) of which only 6 cm was
cal range of 10cm. A main exception is the second half ofobserved in the VRD anomaly.
2002 when all gauge observation show a decline of the CSL Above, the uncertainty of the budget calculations has been
while the satellite data show a continuation of increase. Theestimated as 2 cm CSL change per months and this is clearly
increase during 2002 is less than 6 cm in ten gauge observamaller than the signal shown here.
tions, only Makhachkala has 11 cm, while the satellite data In Fig. 5, maps of precipitation, 2 m temperature and evap-
give a 14 cm increase (monthly means). oration over the CS catchment basin are shown for July 2010.
From the imbalances of the budgets of the three periods he strongest deficit of precipitation in Fig. 5a lies over the
an approximation of the uncertainty of the quantities can beVolga basin (heavy black line). The hottest temperatures
obtained. The accuracy of the single components seems td-i9. 5¢) and the strongest decrease of evaporation (Fig. 5b)
be in the order of 5 to 10cm CSL change per year. As aare found further south than the strongest decrease of pre-
mean precipitation of 230 cm CSL change per year was giver¢ipitation (Fig. 5a). That is because the soil moisture, as a
in Table 1, the accuracy estimated from these episodes is Bmiting factor for evaporation, comes into effect only where
to 5% which is a very high demand on the accuracy of thethe absolute precipitation is low in relation to its anomaly.
precipitation analysis. The errors for monthly means wouldA marked southward decrease of the climatological precip-
be 1/12 /12 of the ones for annual means, if the errors areitation occurs in the area, and therefore the impact of the
completely random, i.e. 1.4 to 2.8, say 2 cm CSL change peprecipitation deficit on the evaporation for 2010 lies further
month. south. Where the soil moisture is a limiting factor for evapo-
This hand-waving estimate of uncertainty can be substan!@tion, one may expect an increase in the temperature, which
tiated for the error ofP-E over the CS itself, as the ob- IS indeed seen in Fig. 5c. However, the heat wave had al-
served inflow from the Volga River and the observed CSL '€@dy a precursor in May with only slightly lower tempera-
are available. Comparing monthly meansm{E over the ture anomalies thqn dur!ng JuIy..At that time .there was _st|||
CS with differences of the VRD and the time derivative of €nough water available in the soil and accordingly one finds
the CSL after applying a 1-2-1 smoothing gives a corre-€Xxcessive evaporation for this month over the VB (Fig. 4b).

lation of 0.40 and a RMS error of 1.4cm, i.e. a slightly
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Table 4. Water budget component anomalies for summer 2010. 5 201 /
Units: change of the Caspian Sea level in cm. Differences betweent '3 ] A /\‘; A \
. . . E 710_\%‘&/ = \.. _J \
the sum and single month values might result from rounding. For = Z,;] /\//
abbreviations see Table 1. $ %31 ) Volga precip.
752IIIIIIIIIIIIIIIIIIVIIIIIIII
Jul Aug Sep sum é
o
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In Fig. 5b, a strong increase of evaporation can be found ~!°7] \dL)/CS evap\(ﬁé ifon
over the CS itself, meaning a direct loss of water fromthe (I~ “ V' =

CS. It starts already in June and continues until September.s o A — A
In July 2010, the surface wind entering the CS came fromthe t 2] \/_\\/\/v
E to NE, while in long-term means it is from the N. So the 2] ) Vol discharge

air reaching the CS was much drier and warmer in 2010 than -'° T T T T T T T T T T TTTTT]

mm/mon
)
1

normal, which favours enhanced evaporation over the CS. € -+
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Arpe et al. (2000) and Arpe and Leroy (2007) found a con- monih 2009-2011
——VRD — ERA mon i GPCC —— CSL

nection between the CSL variability and ENSO (ERNi—
Southern Oscillation). Itis interesting that, in Fig. 2, the time
series of ONI (Oceanic Nino Index) fits well with the CSL
changes for some episodes. One finds a simultaneous devel-
opment of a La Nia events with a CSL drop and El i
events with increases of the CSL, e.g. positive in 1993-1994
negative in 1995-1996, positive in 2002, negative in 2006,
2008 and in summer 2010. Only a few times this correlation
fails.

The CSL changes and the VRD curves are very similar
from 1993 to 2010 (Fig. 2a). In Table 5 the anomaly correla-
tions between different parameters are given. Highest values
concerning ENSO are between ONI and the CSL change an
very low values between ONI and the VB precipitation. It
has been assumed in earlier studies that ENSO affected t
precipitation over the VB and by that the VRD which then
had the impact on the CSL; however, the correlation coeffi-
cients just given do not support such a sequence of events.

It is planned to investigate this issue in more depth in a
separate study.

Fig. 4. Same as Fig. 1 but for 2009 to 2011 only and no smoothing.

until some months after July, as the precipitated water needs
time to flow into the rivers (having previously entered the
soil) and then to flow down the Volga River into the CS. It
has been shown above that such a delay in the VRD for ex-
cessive precipitation is typically 2 months. However, for re-
duced precipitation it takes longer and is less easily seen in
the data partly due to the existence of several dams which
gﬁect the water flow.

The water inflow into the major reservoirs of the Volga-
Héama cascade during summer 2010 was 50-70 % of the nor-
mal volume. According to the Hydrometeorological Cen-
ter of Russia estimates, in July 2010, the water inflow to
the reservoirs of the Volga-Kama cascade was 9.9 ghe
long-term monthly mean value is 14.2 Rm In August, the
inflow was 6.5 kni compared to the climatological norm of
11.5kn?. A tense hydrological situation developed in the
middle and low reaches of the Volga River. In Novem-
4 Discussion ber 2010, the water level in the Kuibyshev reservoir, which is

the main regulator for the runoff in the VB, was 49 m which
The coincidence of the CSL drop in summer 2010 with re-is a drop of 1.05 m from the previous November. This means
duced precipitation over the VB and enhanced evaporatiorthat only 37 % of the usable volume of the reservoir was filled
over the CS has been shown by our analysis. The drop in preby water. The Federal Agency for Water Resources had to
cipitation over the VB started in June and is strongest in Julyestablish an economic regime of water discharge during the
but its full effect on the CSL is not expected to be noticed summer-autumn period of 2010. Appropriate measures to
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Fig. 5. Anomaly maps using ERA data. A black line indicates the Volga catchment(adgmecipitation for July 2010; units: mm morith,
(b) evaporation for July 2010; units: mm month and (c) temperature for July 2010; unit$:C. Red colours: increase, blue colours:
decrease.

Table 5. Anomaly correlations of monthly means between Caspian5 Conclusions

Sea level (CSL) change, ENSO index (ONI), Volga River dis-
charge (VRD) and precipitation over the Volga basin (precipVB).
A 9 month running mean has been applied.

Comparing the CSL variations with the impacts of the dif-

ferent components of the CS water budget show the impacts
of the recent drought in European Russia. These new re-
CSL-VRD  precipVB-VRD CSL-ONI VRD-ONI  precipVB-ONI sults could only be achieved due to the availability of accu-

rate evaporation estimates provided by the ECMWF reanal-
ysis since 1989. Meteorological, hydrological and CSL data
from different sources have been used in this study and it is

adapt to the normal operation of the engineering im‘rastruc-e_nmurag'fr_gJ that _the%/ are col_n S|s|tent W'.th leacE OtEhg;'/lV-\ll-Els
ture and especially municipal water supply systems to congid'ves confidence in their quality. In particular the

tions of low water have been taken (FAWR, 2011) Becauseimerim reanalysis data should be mentioned. These provide
of the low water levels in the reservoirs, "[he effect of the a wide range of data including precipitation and evaporation.

drought on the CSL is expected to be noticed also in 2011. T,h? latter are created by a model because they are otheryvise
Evaporation over the CS itself has however an instan-difficult to observe and analyze. Trenberth et al. (2011) in-

taneous effect on the CSL and the additional evaporationyestigated the uncertainties in reanalyses and singled out the

precipitation of 39 mm month* in July 2010 fits very well ECMWEF interim reanalysis (the one used here) as one of the

with the observed anomalous drop of the CSL of 4 cm (Fig. 4;best. Their warning of_usmg such data only with extreme
care does not affect this study. They are concerned about

Table 4). Also for the following months the CSL drop and the b ; h data for | iqating decadal iabilit
evaporation over the CS itself fit very well. After that, the the use of such data for investigating decadal variabilities

CSL anomaly drops further by 7 cm to the end of the year and trends because changes in the observational data enter-

This is not explained by evaporation over the CS and probalng the analysis schemes could introduce spurious changes.

bly represents the delayed impact from the Russian drought'.—IOWG\.’er their finding of a too intense w_atgr gycle over conti-
Arpe and Leroy (2007) stated that precipitation over theNeNts is supported here for the VB. Their finding of too strong

VB (especially during summer) is the main driver for CSL evaporation over the oceans ‘_’085 not apply for the CS as too
changes. When discussing Fig. 2 and Table 5, the higHOW evaporation is found in this study perhaps due to an un-

anomaly correlation of 0.71 between Volga discharge anqderestimation of surface winds caused by the high surround-

CSL change was pointed out but the connection with the prelng mountains of the southern CS.

cipitation was less clear. Here it is found that the evaporation Spme *?'as?s n thgse %aéa st|||(je?<|st, but thlglr 'mﬁ.aﬁt n
variability over the CS itself has clear impacts for shorter pe-Our Investigation Is reduce ystu ying anomalies which re-
riods, e.g. 1996, 2003 and 2010. duces the effect of systematic errors. The accuracy of the

During a heat wave over an area one might expect enWater budget data in these analyses have reached a level that

hanced evaporation. It has been shown above that this work%n inconsistency in the satellite derived CSL data could be
only as long as there is enough water in the ground. If the etected. The anomalies during and after the drought are

water in the ground has been evaporated, the surface tempe?l—earg' exl;:e(;dlngctgi Ier\]/el of uncertamt;[y, which was esti-
ature increases even more. mated to be 2cm change per month.

0.71 0.39 0.47 0.13 0.09
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The water deficit for June to September 2010 calculated A. P., Monge-Sanz, B. M., Morcrette, J.-J., Park, B.-K., Peubey,
from the anomalous precipitation over the VB (Fig. 4; Ta- C., de Rosnay, P., Tavolato, C., 8faut, J.-N., and Vitart, F.:
ble 4) would result in a decrease of the CSL by 27 to 28cm The ERA-Int_eri_m _reanalysis: configuration and performance of
(GPCC and ERA respectively). This decrease is compen- the datfi aSS|m|Iat|9n system, Q. J. Roy. Meteor. Soc., 137, 553—
sated by decreased evaporation equivalent to an increase of“597'qo':10'1002/QJ'8282011' o
the CSL of 6¢cm. Of the 22 cm water deficit. 7cm had al- Dumenil Gates, L., Hagemann, S., and Golz, C.: Observed histori-
ready been obsérved from October to the ena of 2010 and a cal discharge data from major rivers for climate model validation,

. Max-Planck Institute for Meteorology, Hamburg, Report no. 307,
further 5cm to the end of May 2011. A further drop, withim- g4 op., 2000. o 9. Rep

pacts on human activities on and around the CS (e.g. harboutcmwr: available athttp://data-portal.ecmwf.int/data/d/interim

accessibility, petroleum and caviar industries), is therefore to  gaijly/, last access: 20 May 2011.

be expected. Some scope for making forecasts of the CSL BAWR: Press release of the federal agency of water resources of

few months ahead seems feasible. This may turn out to be an the Russian Federation, available http://gfu-volga.ry issued

essential contribution to the mitigation of societal impacts of 15 November 2010, last access: 27 January 2011 (in Russian).

CSL changes. Golitsyn, G. S.: The Caspian Sea level as a problem of diagnosis
and prognosis of the regional climate change, lzv. Russ. Acad.
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