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Abstract. Towards the goal to understand the role of land-surface processes over the Indian sub-continent,
a series of soil-moisture sensitivity simulations have been performed using a non-hydrostatic regional cli-
mate model COSMO-CLM. The experiments were driven by the lateral boundary conditions providecd by the
ERA-Interim (ECMWEF) reanalysis. The simulation results show that the pre-monsoonal soil moisture has a
significant influence on the monsoonal precipitation. Both, positive and negative soil-moisture precipitation
(S-P) feedback processes are of importance. The negative S-P feedback process is especially influential in the
western and the northern parts of India.

1 Introduction tails about the model are given at the community websit¢

(httpy/www.clm-community.ef).

The Earth’s surface plays a key role in weather and climate |n order to assess the influence of soil moisture, we have

because of the large energy and water exchange with thperformed several simulations: a reference simulation (CTL|
overlying atmosphere (Zhang et al., 2004). The water reachfor the period 1989 to 2007 and perturbed simulations. Fo
ing the land surface is distributed into soil water storage,each year on 2 April, there is a DRY run with an initialized
rundf, or recycled into the atmosphere by evapotranspira-soil 50 % drier and a WET run which is 50 % wetter than
tion. Exchange of radiation, sensible heat, latent heat, an€€TL (with perturbations limited by the field capacity and
momentum has direct impacts on the wind vector, precipitathe wilting point of the soil type). These perturbations are
tion, and surface soil (Sellers, 1991). Hence, a proper undersmall in absolute terms, as the pre-monsoonal soils are df
standing of the land atmosphere interaction is necessary. However, the pre-monsoonal perturbation allows for the in

The present work focuses on the investigation of the soilvestigation of the impacts on the simulated monsoon. Th

moisture-precipitation (S-P) feedback process over the Inperturbed experiments are driven by the same lateral boung-
5

dian region. The structure of this paper is as follows. Sec-ary condition as CTL. Therefore, these set of experiment

tion 2 presents the model setup, and experimental desigrexplain the soil water initialization impacts to the model sim-

The results and discussion are addressed in Sect. 3 and faliations at the regional scale, as well as at the Indian summ

lowed by conclusions (Sect. 4). monsoon scale. This setup is motivated by&dat al. (1999)
and Pielke Sr. et al. (1999).

2 Model and experimental design

3 Results and discussions
The simulations are performed with the non-hydrostatic
limited-area climate model COSMO-CLM (Dobler and The simulations are carried out over the Indian sub-continer
Ahrens, 2008). As model input, the initial and lateral bound- for the period 1989 to 2007, where a spin-up time of one
ary conditions are taken from the ERA-Interim reanalysis.year is neglected in the subsequent analysis to mitigate th
In the present study, the model horizontal resolution is seinitial value errors. The present analysis is focused on 199
to 0.25 with 32 vertical layers. The simulation domain to 2007 for the seasonal average (June to September, JJA
encompasses the entire Indian region (Fig. 1). More deof monthly accumulated monsoonal precipitation.
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Table 1. Mean values of (JJAS, 1990 to 2007) moisture influx (IN), precipitatifiitiency (), and recycling ratiof). Changes in
precipitation AP) between the perturbed and the control simulations as defined in Eq. (1) are also shown.

Region §% B IN APweT-cTL APory-cTL
(mmymonth) (mmymonth) (mmmymonth)

WET CTL DRY | WET CTL DRY | WET CTL DRY | Direct Indir. | Direct Indir.

E 051 049 049 014 0.13 0.12| 440 437 427 5.0 70| -7.0 3.0
w 022 018 0.17| 0.14 0.09 0.08| 184 198 206| -1.3 7.5 1.0 -3.0
N 0583 051 051) 029 0.23 0.21| 144 156 158 0.8 39| -13 0.5
CE 030 0.29 0.29] 0.10 0.09 0.09] 481 483 479 0.5 31| -16 -15

in the geopotential height in the middle of the troposphere
(Fig. 3). These local changes especially over the northwest-
ern region further modify the large scale circulation as shown
by vertically integrated moisture flux vectors. Decrement in
the geopotential height at 500 hPa (Fig. 3) can be depicted by
the increasing surface pressure over the northwestern region
in the WET experiment. This change (increment in the sur-
face pressure) caused a decrement in transportation of water
vapor from the Arabian Sea to the northwest region in the
wet soil condition.

To study the land-atmosphere interaction quantitatively,
we have calculated the recycling rafie- ET/(ET + IN) and
precipitation éiciency y =P/(ET + IN) following Schar et
al. (1999), where ET is evapotranspiration, IN influx and P
precipitation. For the analysis we have divided the Indian
domain into four sub-regions: East (E), West (W), Central
(CE), and North (N), as depicted in the Fig. 1. Figure 4 shows
the considerable inter-annual variation in the recycling ratio
| - and precipitation ficiency of the CTL and the soil moisture
! o S . i i sensitivity simulations (WET and DRY) for the analysis do-

mains E and W. Here, the bulk characterisficand y are
Figure 1. Simulation domain and analysis domains N, W, CE and predominantly increasing and decreasing in a regular way.

E. The shading and contour lines show the model orography. In_ general, the recycling ratios are in the range of 0.1t0 0.4
with largest values for the northern region (cf. Table 1).

The precipitation fliciencyy is of moderate sensitivity to

The sensitivity of summer monsoon rainfall with responsethe soil moisture initialization in most of the years with a
to the change in initial soil moisture is shown in Fig. 2. small positive feedback. However, some years (e.g., 1992 in
The precipitation changes between the WET and CTL ex-E, 1993 in W) experience a negative feedback to soil mois-
periments are about10 % to+20% in the eastern region, ture initialization perturbation. This result is opposite to the
while they are larger tham40 % over the northwest part of results in Schr et al. (1999), wherg always increases with
India. These spatial variations in precipitation are related toan increment in the initial soil moisture.
the available water in the soils (Kim and Wang, 2007) and to  The precipitation changes in the sensitivity experiments
the regional circulations as discussed in the following para(WET and DRY) are estimated by the following equation
graph. Apart from this, some places, especially the north{see Schr et al., 1999):
ern Himalayan foothills and the Thar desert (northwest part

L : FUAP=y (AET+AIN) + Ay (ET+IN 1
of India) indicate a negative S-P feedback process, which is X +AIN)+ Ay (ET+IN) (1)
consistent with the Bowen ratio (not shown). Where’ denotes the perturbed simulation case andAhe

The wet (dry) soil moisture perturbations cause an incre-terms indicate dferences between the perturbed and the con-
ment (decrement) in the surface pressure by cooling (warmtrol simulations. The first term on the right hand side of
ing) of the Earth surface through the partitioning of the sur-the Eq. (1) reflects the precipitation change through direct
face heat fluxes. As aresult, there is a decrement (incremen{yecycling) process and the second term depicts the indirect
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Figure 2. Average summer monsoon (JJAS, 1990 to 2007) relative precipitatifaratice (in percent) in the WET (left) and DRY (right)
experiments relative to the CTL experiment. The red color represents less precipitation and the blue color represents more precipitat
the CTL precipitation.
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Figure 3. Average summer monsoon (JJAS, 1990 to 2007) vertically integrated moistureffiesedces (shaded and vector) and geopo
tential height diferences at 500 hPa (contour, isoline distance 0.5m) in the WET (left) and DRY (right) experiments relative to the
experiment.

(feedback) contribution. The results for thefdient analy-  direct process. This high magnitude of the direct process i
sis domains (Fig. 1) are made comparable by normalizatiordry soil conditions can be linked with the high influxtir-
following Zangvil et al. (2010). ences. Here, the influx flierences with respect to the CTL

are around-10 mm month! and+3 mm month* in dry and

Figure 5 represents the time series of the aforementloneqlet soil conditions respectively. Often wet soil enhances pre

(direct and indirect) processes for the sub-regions E and Wcipitation and vice versa (positive feedback). But a negativs

The results show that the changes in the monsoonal preCiplt'eedback process is also present in all sub-domains, which

tation are clearly dominated by the indirect process in MOStore pronounced in the western region. In this case, the drig
of the years. The direct recycling process, however, domi-,

: . X soil leads to the higher sensible heat flux and an expansion
nates in some of the years, especially in the eastern analysig, ,ndary layer, which may in turn lead to increased rain

regior'l E.'In this regipn, the years, €.g., 1992, 1999, Zoo,ofall (Collini et al., 2008). On the other hand, moist conditions
contain higher magnitudes of the direct process than the in-
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Figure 4. Inter-annual variation of recycling ratio and precipitatidficiency averaged over the monsoon season (JJAS) in the analysis
domains East (E) and West (W).

stabilize the atmosphere, inhibiting the vertical movement ofrect). As a first result, the Indian summer monsoon contains
air parcels, and as a result decrease in rainfall is observetioth processes, where the dominant one varies spatially and
(Cook et al., 2006). temporally. The direct process is more pronounced in the dry
soil conditions for the eastern analysis region E, whereas in
the wet experiment, the precipitation is controlled by the in-
direct process. Additionally, the decreasing moisture influx

Precipitation recycling and feedback processes were inves¥ith the increasing soil moisture is related to a negative S-P
tigated through perturbation simulations with the COSMO- feedback process, which is more frequent in the western and
CLM over India. The results suggest that soil moisture hasthe northern Indian regions than in the other two regions.

significant impact on the precipitation formation. In the sim- .
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(Fig. 3). Furthermore, the moisture budget has been examauthors also thank two anonymous referees, as well as Herbert For-
ined for diferent sub-regions to interpret the leading factor mayer (Topical Editor) for their constructive comments and sugges-
as precipitation originating from local evapotranspiration (di- tions to the manuscript.
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4 Conclusions
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Figure 5. Inter-annual changes in monsoonal rainfall (JJAS) by digé&ET + AIN) and indirect &ectsAy (ET+IN) for WET-CTL (upper)
and DRY-CTL (lower) in the analysis domains E and W.
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