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Abstract. One of the major challenges for water balance 1 Introduction
studies in the remote and mostly ungauged region of the Ti-

betan Plateau is the lack of suitable and reliable climate data

to drive hydrological models. Ground observations are rare!o‘S stated in many studies, the T|petan Plateau 'S considered
in the high-mountainous region of the Nam Co basin and®S one of the most vulnerable regions on earth with regard to

only global and regional gridded climate products are avail—the impact of global climate change (Enkssqn et al,, 2009;
able as model input data, but these data sets need to be carlé_‘:’mg et aI._, 2010). The numerous endorheic Iakes_(_)n t_he
fully analysed if used as driving force for hydrological mod- high elevation plateau are often referred to as sensitive in-
elling. In this study, various global and regional gridded datad'cators. of the effect of c_hanglng climate on the hydrology
products for temperature and precipitation were compared t(S”c the Tibetan PIaFeau .(Bl_an etal, 2009.; Ding et .aI., 2006).
assess spatio-temporal deviations between several data se _ke level fluctuatloins indicate chaqges n the. reg|onal water
For the comparison absolute and relative differences of anpalance mostly attributed to changing precipitation amount

nual and seasonal long-term means were calculated. CIimati@nd distributipn, changing evapotranspiration rates and in-
trends were analvsed by using the non-parametric MannSré@sed glacier melt runoff (Krause et al., 2010; Lu et al.,
ysed by using P 005; Wu and Zhu, 2008; Yao et al., 2010; Ye et al., 2008).

Kendall trend test. In addition, gridded climate data set & .
encat rendies’. n adarion, gradec climate caia Sets wer he glacier-fed lake Nam Co (30l/9C° E, 4718 ma.s.l.,

compared to meteorological observations in order to evaluat 000 kP sh d ticeable | . | d
their plausibility. The comparative statistical analysis showed ) showed a noticeable increase Iin area, volume an

significant differences in the magnitude, the seasonality, théake level over the last decades (Kropacek et al., 2011; Liu

spatial pattern and the trend behaviour of the analysed cIi-et al., 2010; Zhu et al., 2010). This in turn indicates that the

mate variables, in particular for precipitation data. The iden-NamNCO_ basin (1(1:0?\;%”" Iogate_d akt] the fo?]t of the WeISt'

tified inconsistencies underpin the necessity to quantify theS™M yaynqentang a .ountaln_s m_t e sout ern_centra part
uncertainty of such climate data. Moreover, the presente fthe Tibetan .Plateau, IS experiencing change; In thg hydro-
study highlights the importance of further research efforts to og_|cal El)yrt'l[amlcsa Th?se dphangk;)es tntehed .t?{ be Tvesﬂga:ed to
develop regional climate data sets with finer resolutions toﬁa('jn ? © (Tr ur:j elfs a?_ ing about the 'g erlac Itonz te \;V?ﬁn
reduce the model’s uncertainty resulting from climate input ydrologicat and climalic processes, and aiso to detect the
data. Such higher resolution is needed for a sufficient repre_hydmlog'caII .key components a.nd processes mainly influenc-
sentation of regional topographic and orographic effects ining the considerable increase in lake volume. For the quan-

order to simulate important hydrological processes in moun-tification of the various sources contributing to the lake level

tainous areas like snow accumulation and melting. rise, a_calculatlon _Of the yvater am_ount glrculatlng n Fhe hy-
drological system is required by simulating or modelling the

underlying hydrological processes and components (Krause
et al., 2010). The accurate quantification of all water balance
components as well as climate impacts based on hydrologi-
cal modelling depends on the quality and quantity of avail-

able meteorological input data. Climate-related model input
data forcing hydrological models are recognized as a critical
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ble 1) are sparsely distributed and situated in lower altitudes
s (<4800 m a.s.l.) mainly south of the Nyaingentanghla Moun-
Bangoin tains (reaching elevations over 7100 ma.s.l.) located along
the southern borderline of Nam Co basin. Since all selected
Xainxa ( stations provide time series of temperature and precipitation
~ between 1981 and 2004 without large data gaps, this period
\ g & Dertimg oy was chosen for the statistical analysis.
Sl R . anco. As listed in Table 2, the compared global and regional
S A She i roroo gridded climate data products differ in terms of temporal cov-
S erage, spatial and temporal resolutions as well as the avail-
ability of temperature and precipitation data. Data from the
7 Nimu 5 global circulation model (GCM) ECHAMS5 with a spatial res-
N i 100, 3 olution of 1.9 were dynamically downscaled to a resolution
2 of 0.5° by applying the regional climate model COSMO-
CLM (http://www.clm-community.eg/for the South Asia
region (Dobler et al., 2011). The generated COSMO-CLM
ECHAMS product will be referred to as ECHAMS in the
factor controlling the uncertainty of the model performance foI.Iowmg sections. Th? CRU data. set was developed .by the
Climate Research Unit at the University of East Anglia by
(Gourley and Vieux, 2006). . . . . ; :
sing an interpolation approach including collected station
ata from various sources (Mitchell and Jones, 2005). The re-
b o ' gional rain-gauge based precipitation product APHRODITE
eral problem throughout the high-altitude Tibetan Plateau.(Asian Precipitation — Highly-Resolved Observational Data

Therefore, current hydrological modelling applications of Ti- Int tion t ds Evaluati f Water R d
betan Plateau basins primarily rely on gridded climate datg'"'c9ration towards Evaiuation ot Yvater esogrces) was de-
eloped by the Research Institute for Humanity and Nature

sets (Krause et al, 2010; Prasch et al., 2011). Since glob? IHN) and the Meteorological Research Institute of Japan
d regional gridded data set based on th lysi _ )
and regiona’ gnaded data Se's are based on the analysis & eteorological Agency (MRI/JMA) (Yatagai et al., 2009).

processing of data from various sources such as ground oh- ) _ ) ;N e
servation, satellite estimates and climate model simulations, he Tropical Rainfall Measuring Mission (TRMM) is a joint

differences in quality and quantity can be expected. The un_endeavour between the NASA and Japan's National Space

certainty of existing gridded precipitation data sets and the.D evelopment Agency tq provide preC|p|tat|on Qata for trqp-
ﬁal and subtropical regions. Details of the various satellite-

impact on runoff estimates has been shown and discussed o .

detail by Fekete and &dsmarty (2003). Primarily in semi- ased precipitation products of TRMM are given by Huff-

arid regions, precipitation inaccuracy causes even greater arfrann etal. (2007). . . .

certainty of model response (Fekete ariifdsmarty, 2003). Thg data evaluayon of this study was carried out by the
Besides precipitation, temperature is one of the most im_followmg two steps:

portant input variables for hydrological modelling, thus tem-

perature and precipitation time series of selected global an

regional gridded climate data sets were compared to quantif)tze

the degree of discrepancy between them and to evaluate the'g . . . .

suitability as driving forces for distributed hydrological mod- patio-temporally varying climate conditions of meteo-

elling of Tibetan Plateau basins. The comparison was carrie&mog'c"’II observations were analysed based on calpqlatgd
out for an area with the extent of 29.8. 89.0 E—31.5 N annual and seasonal means of temperature and precipitation

91.5 E covering the Nam Co catchment and its surroundingdf_ita er hydrological years from November to October. F(_)r
area. climatic trend detection the Mann-Kendall non-parametric

trend test (Mann, 1945; Kendall, 1975) was applied to the

24-years period from 1981 to 2004. Non-parametric tests
2 Data and methods are designed to identify trends in time series, rather than the

magnitude (Hipel and McLeod, 2005). The Mann-Kendall
The data evaluation of this study comprises the statisticatrend test provides statistical significance levels evaluating
analysis of temperature and precipitation time series fromthe probability whether a linear or non-linear trend exists. In
ground-based measurements (Table 1) and gridded globdhe presented study, a trend is defined as significant at the
and regional climate data sets (Table 2). significance level of 80 %, whereas a trend is considered as

As shown in Fig. 1, there is no meteorological station with highly significant at the 95 % significance level. If the sig-

long-term measurements located within the Nam Co basinnificance level is lower than 80 %, the trend is assumed to be
Meteorological stations surrounding the Nam Co basin (Ta-not significant. A detailed description of the Mann-Kendall

A High : 7093
Lhasa

Fig. 1. Location of climate stations surrounding the Nam Co basin.

As presented in Fig. 1, meteorological observation datag
are very limited in the region of Nam Co, which is a gen-

(ij) Analysis of in-situ measurements to assess the spatio-
mporal climatic variability of the Nam Co region.
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Table 1. Meteorological stations surrounding Nam Co basin.

Meteorological Station  Longitude (E) Latitude (N)  Altitude (m) Institution

Xainxa 88.63 30.95 4670 NOAA/NCDC
Bangoin 90.02 31.37 4701 NOAA/NCDC
Naquu 92.07 31.48 4508 NOAA/NCDC
Damxung 91.1 30.48 4200 ICIMOD
Zetang 91.76 29.25 3552 ICIMOD
Lhasa 91.13 29.67 3650 NOAA/NCDC
Nimu 90.16 29.43 3809 ICIMOD
Xigaze 88.88 29.25 3837 NOAA/NCDC

* NOAA/NCDC = National Oceanic and Atmospheric Adminstration/National Climatic Data Center; ICIMOD =
International Centre for Integrated Mountain Development

Table 2. Summary of global and regional gridded climate data time series used in this study.

Data set Space Time step  Time period Climate variable
COSMO-CLM ECHAM5 0.3 daily 19602000 temperature, precipitation
scenarios up to 2080
CRU TS3.0 0.8 monthly 1901-2006 temperature, precipitation
scenarios up to 2100
APHRODITE V1003R1 0.5,0.25 daily 1951-2007 precipitation
TRMM 3B43 0.25 monthly 1999-2008 precipitation
test is given by Burn and Elnur (2002). one point within the grid cell. Especially in mountainous

or alpine regions, point measurements can vary significantly
if) Comparison between various gridded climate data andwithin short distances because of changes in elevation and
against ground observations to detect spatial and temporalorographic effects. However, gridded climate data can be
deviations. checked against ground observation data in respect of the
temporal variability. Thus, the agreement of the annual cy-
The data sets ECHAMS5, CRU and APHRODITE were com- cle between data from individual grid cells and station data
pared for the study time period (1981-2004) with a resolu-was estimated by correlation analysis and quantified with the
tion of 0.5 x 0.5> which divides the study area (29N, coefficient of determination. Furthermore, gridded climate
89.0 E-31.5N, 91.5E) into 20 grid cells. In addition, data were controlled regarding significant trends of climate
APHRODITE and TRMM precipitation data were compared variables which were identified in time series from several
based on a 0.25latitude-longitude resolution representing ground stations.
140 grid cells for the entire study area. Due to the different
temporal coverage of APHRODITE and TRMM the compar-
ison was carried out for the period from 1999-2007, which3 Results and discussion
was completely covered by both data sets.
To compare several data sets, absolute and relative differ3.1  Analysis of observation data
ences of annual and seasonal means of temperature and pre-
cipitation data were calculated for individual grid cells and The results of the statistical analyses of temperature and pre-
spatial averaged for the entire study area. For the one-toeipitation in-situ measurements are summarised in Tables 3
one grid comparison, deviations between corresponding grichnd 4. The mean temperature for the time period 1981 to
cells were analysed based on the frequency distribution of th€004 ranges from around°€ in the southern part with
absolute and relative difference values. Moreover, availabldower elevations down to around°C in the Nam Co re-
time series of ECHAM5, CRU and APHRODITE were also gion north of the Nyaingentanglha Mountains which gen-
examined regarding trends by applying the Mann-Kendallerally shows lower temperatures because of the higher ele-
trend test. vation (Tables 1 and 3). Stations in the eastern and southern
As each cell of gridded data sets represents an integratedrea (Naqu, Damxung, Lhasa, Zetang, Nimu, Xigaze) receive
value for an area of either 0.%r 0.2% in square, their about 450 mm precipitation per year, mainly occurring dur-
absolute values cannot be directly compared with data reing the monsoon season (June-September). In contrast, the
ceived from a specific ground station which only representsstations Xainxa and Bangoin in the upper northwestern part
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Table 3. Annual and seasonal means of temperature and precipitation measurements for the time period 1981-2004.

Annual/seasonal mean (1981-2004)

Station Temperature9C] Precipitation [mm]

Annual Nov—Apr May-Oct Annual Nov-Apr May-Oct

Xainxa 0.6 5.7 6.8 356 19 337
Bangoin -0.1 —-6.3 6.0 372 24 348
Naquu —0.6 -7.3 6.1 482 40 442
Damxung 1.8 —4.4 8.1 541 37 504
Zetang 8.9 3.7 14.1 464 27 436
Lhasa 8.5 3.1 13.8 455 18 437
Nimu 7.0 14 12.7 408 14 394
Xigaze 7.1 1.6 12.5 476 12 464

Table 4. Mann-Kendall trend test results for temperature and precipitation measurements over 24yr-period 1981-2004.

Mann-Kendall trend test for 19812004 4+significantp = 80 %highly significant p = 95%)

Station Temperature \ Precipitation
Year Nov—Apr May—Oct \ Year Nov—-Apr May—Oct

Xainxa + + no no + no
Bangoin + + + no no no
Naquu + + + + + +
Damxung + + no + no +

Zetang + + no + + +

Lhasa + + + + no +

Nimu + + no + no +

Xigaze + + no no no no

show a lower average annual precipitation amount of aroundeason. The positive temperature trend, which is particu-
350 mm (Table 3), because both stations are located in théarly strong in the southern part, is of higher significance
rain shadow of the southwest-northeast striking Nyaingen{p = 95 %) in the winter season. This indicates that climate
tanglha Mountains which act as barrier when the monsoorwarming is supposed to cause a strong upward trend in winter
coming from southeast advances to the northwest. This isemperature in this region. Contrary to the temperature trend
in accordance with the climate classification by the Chineseanalysis, the evaluation of precipitation trends does not show
Academy of Sciences (CAS) (1984) which refers the regiona general trend for all stations (Table 4). An increasing pre-
north of Nyaingentanglha as belonging to the subfrigid zonecipitation trend, in particular highly significanp (= 95 %)
(MAT <0°C) and the area south of the Mountains to the during the monsoon season, could be detected for stations
temperate zone (MAF 0-8°C). With regard to the humid- located in the eastern and southern study area. The spatial
ity, the study region is mainly classified as semi-arid climate pattern of the generally increasing tendency of summer pre-
(MAP =~ 300-450 mm), whereby the eastern part is charac<ipitation in the eastern and southern part indicates a stronger
terized by semi-moist conditions (MAR400-550mm). A  influence of the summer monsoon in this area.
more detailed description of the spatial pattern of climatic
conditions in this region is given by Leber et al. (1995). 3.2 Comparison of gridded climate data sets
The differences of temperature and precipitation between
summer and winter show a magnitude of@to 13°C and  3.2.1 Temperature
300 mm to 500 mm at the various stations (Table 3). This in-
dicates a clear seasonal variability which is greater than th&’he comparison of the spatially averaged annual and sea-
spatial variation of the mean annual temperature and precipisonal mean temperature of ECHAM5 (annual.8°C, win-
tation distribution. In addition, precipitation amounts show ater: —7.1°C, summer: 5.3C) and CRU (annual:-0.7°C,
strong interannual variability. winter: —6.9°C, summer: 5.8C) show relatively low val-
The trend analysis for temperature and precipitation (Ta-ues for mean absolute and relative differences (Table 5). This
ble 4) shows significant trends depending on region andsuggests that these two data sets are in good agreement con-
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Table 5. Statistical analysis results for temperature data of ECHAMS5 and CRU for the period 1981-2004.

TemperatureqC]
ECHAM5 CRU

Mean
Annual Nov-Apr May-Oct Annual Nov-Apr May-Oct

-0.8 7.1 5.3 -0.7 —6.9 5.6
ECHAMS - CRU

Mean Difference

Annual Nov—Apr May—Oct
Absolute difference 0.2 0.2 0.3
Relative difference 0.2 0.03 0.05
ECHAMS CRU ECHAMS - CRU
— 100 100
E. 80 80
[vq g 60 60
5 40 a0
CER Er »
H2 -1 “ o0 _— 0
-»1 -0 <0,25 <05 <075 <1 <125 <15 <175 <2 <0,25 <05 <075 <1 <125 <15 <175 <2
Mo Absolute Difference [°C/yr] Relative Difference
|
M2 -3
vy A LR Fig. 3. Frequency distribution of absolute and relative differences
5 in mean temperature of from ECHAM5 and CRU for the period
W ECHAMS
g I CRU 1981-2004.
g0 ‘|‘|‘|‘|*|*|*Fl*l*|*|*|1yﬁ T T T
" 5 grid cell ID ; ‘7, z :‘ :: Annual Summer Winter
123456 7 8 910111213 14151617 181920 B A L L oOlo0ol0 |0 | O O o o | 0|0 AlO O | O O
. . 2 AlA ANA A||lO 00O TA|IlA A AO O
Fig. 2. Comparison of annual mean temperature data of ECHAM5 2 ! et et { e
and CRU for the period 1981-2004. S RIS QA | | ERSEPISIST Qo L | PIREPIRIST -0
AiooA;A ooo(o;o ol A A A A
cerning temperature range and seasonality. The correlatior |4 |4 4 4 | A ESE. | £ OJ LA AR, Ay A
analysis between gridded data sets and station data values fco| A |4 AWA A1 A A Ao a A Al &
the mean inner annual variations showed thatboth ECHAM5“ | A "4 A" A A ||A A A A A|A A A A A
and CRU mean monthly temperature data match with mea- | a|a a [A LA||lalala l A a|lla ‘ A A A A

sured datarecpams = 0.99, rcru = 0.99).

The gridded average temperature data of ECHAMS5 andFig. 4.Mann-Kendall trend test results for annual, summer and win-
CRU show a similar regional distribution as classified by ter temperature of ECHAMS (top) and CRU (bottom) for the pe-
Leber et al. (1995), i.e. higher temperatures in the southerniod 1981-20044/red A = significant/highly significant increasing

; ; ; trend with p = 80 %/95 %; = no significant trend).
part of the region with lower elevations and lower tempera-
tures north of the Nyaingentanglha Mountains (Fig. 2). The

cqlder climate conditions over the Nyamqentan_glha Mou.n'region throughout the whole year and winter season. For the
tains are not represented due to the coarse grid resolutio

The frequency distribution of the mean absolute diﬂerencecg{lgTEi;pi;IOd no significant trend was found in most grid
indicates that most of the grid cells exhibit a difference of o
less than 0.5C (Fig. 3). However, the one-to-one grid com- 3 5 » Precipitation
parison also shows local deviations of up to%C5

In Fig. 4, CRU temperature data show an increasing trendComparison between ECHAMS5, CRU and APHRODITE
for all grid cells which is significant{ = 80 %) in the sum-  for 1981—-2004
mer period and highly significantp(= 95 %) in the win-
ter period and corresponds to trends identified in data fromThe annual mean precipitation sum of ECHAMS (661 mm)
ground observations. The trend analysis of ECHAMS revealdor the entire region is 80 mm, i.e. 12 %, higher than the an-
a less clear pattern with significant & 80 %) and highly = nual mean precipitation sum of CRU (581 mm) (Table 6).
significant p = 95 %) increasing trends in 65 % of the study As shown in Table 6, the APHRODITE precipitation prod-
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uct shows a much lower annual mean sum resulting in high <01 <02 <03 <04 <05 <06 07 <08 0 <1
mean absolute and relative differences when compared to the TRMM - APHRODITE

CRU and ECHAMS data sets. The annual mean precipita- _ w
tion of APHRODITE with 359 mm is around 46 % lower than © ©
ECHAMS and about 38 % lower than CRU. w I w©

The analysis of the seasonal variations of precipitation & P
amounts indicates distinct differences between all data sets  pbsohute Difference Immfyrl o nelative Difference
particularly for the dry winter season. Comparing ECHAMS
and CRU, the mean absolute difference of 33 mm for theFlg 6. Frequency distribution of the absolute and relative differ-

summer season is equivalent to a relative difference of 0.068nCes in mean precipitation from ECHAMS and CRU, ECHAMS
while the mean absolute difference of 50 mm in the win- and APHRODITE and CRU and APHRODITE for 1981-2004 and

ter period corresponds to a relative difference of 0.67 (Ta—TRMNI and APHRODITE for 1899-2007.

ble 6). Therewith, the ECHAMS5 data set shows an amount

of winter precipitation which is 70 % larger than the amount compared to ECHAMS and CRU (Fig. 6). In considera-

received from CRU data. The mean absolute difference begjon of the classified mean annual precipitation by Leber
tween ECHAMS and APHRODITE is higher for the summer ¢t 5], (1995) the precipitation of ECHAM5 and CRU data

period (241 mm) and lower in winter (59 mm) whereas the seems to be overestimated particularly in the drier part (north
relative difference shows an opposite pattern with a largetsf the Nyaingentanglha Mountains). On the other hand,

difference in winter (0.76) and a lower value in summer ApHRODITE appears to underestimate precipitation over
(0.41). The comparison of CRU and APHRODITE shows the mountain range, since the grid resolution ofGs5too

higher absolute and relative mean seasonal differences fqfy5,se to represent orographic precipitation.
summer (215 mm, 0.39) than for winter months (7mm, 0.28)  The results of the spatio-temporal analysis of the detected

(Table 6). trends in the single grid cells are shown in Fig. 7. In general,

By comparing mean monthly precipitation data of the ECHAMS precipitation data set did not show a significant
ECHAMS, CRU and APHRODITE with station data, trend in any of the grid cells during the entire period, which is

APHRODITE shows a high correlation with the measuredn accordance with the station in the north-western part, but
annual cycle faprropiTe = 0.99), while the correlations of i, gisagreement with the highly significant increasing trend
CRU (rcru=0.96) and ECHAMS fecrHams =0.94) are  (;, — 959) detected for stations in the eastern and southern
slightly lower. part. On the other hand, this positive trend of precipitation

_As presented in Fig. 5, ECHAMS and CRU data show ajp, the east and south is reproduced by the data of CRU and
similar distribution with a decrease from southwest to north- ApHRODITE.

east whereas APHRODITE exhibits a contrary pattern with a

precipitation decrease from southeast to northwest. Accord€omparison between APHRODITE and TRMM

ing to the spatial large-scale pattern discussed by Leber efhr 1999-2007

al. (1995), APHRODITE reveals a more realistic spatial dis-

tribution. The one-to-one comparison showed that most in-Figure 8 reveals that the precipitation data of APHRODITE
dividual grid cells of ECHAMS5 and CRU deviate between and TRMM, both based on a 0.2%atitude-longitude grid,

10 % and 20 % from each other, whereas APHRODITE showshow a similar spatial pattern with highest precipitation val-
mainly up to 60 % £ 400 mm) lower precipitation amount ues in southeast corresponding to the regional precipitation

Frequency [%]
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Table 6. Statistical analysis results for precipitation data of ECHAMS5, CRU and APHRODITE for the period 1981-2004.

Precipitation [mm]

M ECHAMS CRU APHRODITE
ean
Annual Nov—Apr May-Oct Annual Nov-Apr May—Oct Annual Nov-Apr May-Oct
661 78 581 581 26 555 359 19 340
ECHAM5-CRU ECHAMS5-APHRODITE CRU-APHRODITE
Mean Difference
Annual Nov—Apr May-Oct Annual Nov-Apr May-Oct Annual Nov-Apr May-Oct
Absolute difference 81 52 33 303 59 241 222 7 215
Relative difference 0.12 0.67 0.06 0.46 0.76 0.41 0.38 0.28 0.39
Annual Summer Winter riods suggests that APHRODITE and TRMM correlate in
© 0o o0 o o|lla A A O A|O OO O O] both magnitude and seasonality (Table 7). The low mean ab-
Slo o oy } 01l | & ho-rogd® o | oo o © solute differences result in low mean relative differences of
% o o oo o|llo oo oolloo o ‘o o less than 10% for the entire year and for the summer pe-
" e ¥ o{“o s & o 878 oo o Feve Fo o riod (Table 7). Because of the low precipitation amounts dur-
p— — ing winter a large relative difference of 40 % was calculated.
©/ oo o Al|loO o|Aflojojo 0O 0] The one-to-one grid comparison (Fig. 6) showed that the
Sl otsor di At | o {yo | A &°| | 0 Lo | og@* o single grid cells mostly differ by a value of around 50 mm,
Sla ala’a allala aalallo o K o o i.e. 10%. The TRMM values are slightly higher, especially
o 0y OIS Y ““ oloTe .° ‘ = in the south-eastern part (Fig. 8).
laloto|alallaloto|alallafato|o|o
= I oo axat
S| A o ANETA | ALa ) AETAY O A Ao 4 Conclusions and outlook
Tla A A A A[|lA A A A A|l0oo0lana
< "\ A A ‘“A A :i A “ Allo/olo o e The analysis and assessment of input data is a crucial pro-

Fig. 7. Mann-Kendall trend test results for annual, summer
and winter precipitation of ECHAM5 (top), CRU (middle) and
APHRODITE (bottom) for the period 1981-2004/fed A = sig-
nificant/highly significant increasing trend with= 80 %/95 %;O

= no significant trend).

APHRODITE

S
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Fig. 8. Comparison of annual mean precipitation data of
APHRODITE and TRMM for the period 1999-2007.

cessing step in environmental modelling. Especially hydro-
logical modelling in data-sparse regions like the Nam Co
basin requires a good knowledge of the uncertainty of climate
variables to ensure reliable model assessments. In this study,
long-term and spatially distributed time series of temperature
and precipitation derived from both ground measurements
and global and regional climate modelling were compared
to evaluate data uncertainties. The comparative data evalua-
tion suggests that temperature data show a good agreement
between all data sets, but of considerable disparities for pre-
cipitation data. Spatial and temporal deviations between var-
ious precipitation gridded data sets were found showing sea-
sonal differences in the magnitude of rainfall up to 76 % (es-
pecially high relative differences in dry winter seasons), but
also contrary spatial pattern. In general, the regional data set
of APHRODITE showed the best agreement with ground ob-
servations and a high accordance with TRMM.

This study also demonstrates that the grid resolution of
0.5° and 0.28 is too coarse to capture topographic and oro-
graphic effects in mountainous areas, because orographic

pattern by Leber et al. (1995). However, the resolution of precipitation which is an important source for water bud-

0.25 is still not able to capture the orographic effects of the
Nyaingentanglha Mountains.

get calculations is hardly represented. A further limitation
by using coarse gridded data sets to drive hydrological mod-

The comparison of the precipitation spatially averaged forels is that processes such as snow accumulation and melt-
all grid cells for the entire year and the single seasonal peing cannot be simulated sufficiently, since the temperature
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Table 7. Statistical analysis results for precipitation data of APHRODITE and TRMM for the period 1999-2007.

Precipitation [mm]
APHRODITE TRMM

Mean
Annual Nov-Apr May-Oct Annual Nov-Apr May-Oct

404 20 384 428 34 394
APHRODITE - TRMM

Mean Difference

Annual Nov—Apr May—Oct
Absolute difference 24 14 10
Relative difference 0.06 0.4 0.03

gradient in complex terrain is not reflected. To overcome the scientific expedition to the Qinghai-Xizang Plateau, Beijing,
these limitations, the downscaling of gridded climate data 304pp., 1984.

with tools such as SCALMET (Scaling Meteorological vari- Ding, Y., Liu, S., Ye, B., and Zhao, L.: Climatic implications on
ables) (Marke, 2008) is a valid strategy to better reproduce yariations of lakes in the cold and arid_ regions of China dur-
varying climate conditions with terrain elevation more real- g‘g(;‘egzegeg;goz%%%rs’ Journal of Glaciology and Geocryology,
g:t(i:rilzio?sﬁﬂdéz‘:’;-gg?ggl?sg;gggw&zzi“s?gnpreicg?lt?ggﬁ obler, A., Yaoming, M., Sharma, N., Kienberger, S., and Ahrens,
has shown that numerical Weather,prediction (NWP) mod- Eé:r%e;;rllzgzl ;:g‘%tspg? Jgrc;ﬁnrlz;r:ﬂtgo :L?,Ingé;vgezas;nsif_go
els, especially the Weather Research and Forecasting (WRF) 4oi:10. 5194/asr-7-11-2011, 2011. ’
model, can be successfully applied to provide precipitationgriksson, M., Xu, J., Shrestha, A., Vaidya, R. S. N., and Sandstrom,
data of high spatial (up to 2km) and temporal resolution K.: The changing Himalayas: impact of climate change on wa-
(daily, hourly). The study of Maussion et al. (2011) also high-  ter resources and livelihoods in the greater Himalayas, ICIMOD,
lights that in high-mountainous areas the accurate quantifica- Kathmandu, 2009.

tion of precipitation being influenced by orographic effects Fekete, M. and @rosmarty, C. J.: Uncertainties in precipitation and
remains unsolved as long as reliable ground observations are their impacts on runoff estimates, J. Clir_nate, 17,294-304, 2003.
missing. However, downscaled precipitation data which areiPel K. W. and McLeod, A. I: Time series modelling of water
expected to offer reliable input data for long-term hydrolog- resources and environmental systems, Amsterdam, Netherlands,
ical modelling in river basins at the Tibetan Plateau will be 2005.

d . d ided by thi d d | d Huffman, G. J., Adler, R. F., Bolvin, D. T., Gu, G., Nelkin, E.
teste agalnst ata provide yt IS stu y and eval uated re- J., Bowman, K .P., Hong, Y., Stocker, E. F., and Wolff, D. B.:
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